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Today no one in our world feels responsible; we have lost a sense of
responsibility for our brothers and sisters. We have fallen into the
hypocrisy of the priest and the levite whom Jesus described in the
parable of the Good Samaritan: we see our brother half dead on the
side of the road, and perhaps we say to ourselves: “poor soul...!”, and
then go on our way. It’s not our responsibility, and with that we feel
reassured, assuaged. The culture of comfort, which makes us think
only of ourselves, makes us insensitive to the cries of other people,
makes us live in soap bubbles which, however lovely, are insubstantial;
they offer a fleeting and empty illusion which results in indifference
to others; indeed, it even leads to the globalization of indifference.
... “Adam, where are you?” “Where is your brother?” These are the
two questions which God asks at the dawn of human history, and
which he also asks each man and woman in our own day. Today too,
Lord, we hear you asking: “Adam, where are you?” “Where is the
blood of your brother?”.

Homily of Holy Father Francis during his visit to Lampedusa, “Arena”
sports camp, Salina Quarter, Monday, 8 July 2013.
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Introduction

Are Humanity’s dealings with Nature sustainable? What is the status of
the Human Person in a world where science predominates? How should
we perceive Nature and what is a good relationship between Humanity and
Nature? Should one expect the global economic growth that has been ex-
perienced over the past six decades to continue for the foreseeable future?
Should we be confident that knowledge and skills will increase in such ways
as to lessen Humanity’s reliance on Nature despite our increasing economic
activity and growing numbers? Is the growing gap between the world’s rich
and world’s poor in their reliance on natural resources a consequence of
those growths?

Human-Nature Interchanges

Contemporary discussions on the questions are now several decades old.
If they have remained alive and are frequently shrill, it is because two opposing
empirical perspectives shape them. On the one hand, it we look at specific
examples of what one may call natural capital (aquifers; ocean fisheries;
tropical forests; estuaries; wetlands; the atmosphere as a sink for carbon,
brown clouds, and other pollutants), there is convincing evidence that at
the rates at which we currently exploit them, they are very likely to change
character dramatically for the worse with little advance notice. The melting
of glaciers and sea-ice are recent symptoms, but the Millennium Ecosystem
Assessment reported in 2005 that 15 of the 24 ecosystem services that the
Assessment had investigated world-wide were either degraded or being ex-
ploited at unsustainable rates (MEA, 2005a-d).

On the other hand, if we study trends in food consumption, life expectancy,
and recorded incomes in regions that are currently rich and in those that
are on the way to becoming rich, resource scarcities wouldn't appear to
have bitten so far.

Those contlicting intuitions are also not unrelated to an intellectual tension
between the concerns people share about carbon emissions and biodiversity
loss that sweep across regions, nations and continents; and about declines in
the availability of firewood, fresh water, coastal resources, and forest products
in as small a locality as a village. That is why “environmental problems” and
“future prospects” present themselves in different ways to difterent people.
Some identify environmental problems with population growth, while others
identify them with wrong sorts of economic growth, involving, for example,
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INTRODUCTION

excessive consumption in rich countries. There are those who see environmental
problems as urban pollution in emerging economies, while others view them
through the spectacle of poverty in the world’s poorest countries. Some allude
to “sustainable development” only when considering economic development
in the global economy, while others see it in terms of the development
prospects of villages in sub-Saharan Africa.

Each of the visions is correct. We now know, for example, that what
begins as urban pollution becomes in time layers of atmospheric brown
clouds (ABC:s), containing black carbon particles and ozone, that annually
destroy some 2 million lives and over 100 million tons of crops, disrupts
the Monsoon circulation and contributes to the melting of arctic ice and
the Himalayan snow. There is no single environmental problem, there is a
large collection of interrelated problems. Some are presenting themselves
today, while others are threats to the future. And they manifest themselves
at different spatial scales and operate at different speed. Although growth in
industrial and agricultural pollutants has accompanied economic development,
neither preventive nor curative measures have kept pace with their production
in industrialized countries. That neglect is now prominent in the rapidly
growing regions in Brazil, Russia, India, China, and South Africa (BRICS).
Moreover, the scale of the human enterprise, both by virtue of unprecedented
increases in the size of the world’s population and the level of economic
activity, has so stretched the capabilities of ecosystems, that Humanity is
today Earth’s dominant species. During the 20th century world population
grew by a factor of four (to more than 6 billion) and world output by 14,
industrial output increased by a multiple of 40 and the use of energy by 16,
methane-producing cattle population grew in pace with human population,
fish catch increased by a multiple of 35, and carbon and sulfur dioxide
emissions by more than 10.The application of nitrogen to the terrestrial
environment from the use of fertilizers, fossil fuels, and leguminous crops
1s now at least as great as that from all natural sources combined. About 45
per cent of the 45-60 billion metric tons of carbon that are harnessed
annually by terrestrial photosynthesis (net primary production of the
biosphere) is currently being appropriated for human use. These are rough
estimates, but the figures do put the scale of the human presence on the
planet in perspective. Humanity is hitting against Nature’s constraints both
locally and globally. It is not without cause that our current era, starting
some 200 years ago, has been named the Anthropocene.

On the other hand, economic growth has brought with it improvements
in the quality of a number of environmental resources. The large-scale avail-
ability of potable water and the increased protection of human populations
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INTRODUCTION

against both water- and air-borne diseases in advanced industrial countries
have come allied to the economic growth those countries have enjoyed
over the past 200 years. Moreover, the physical environment inside the home
has improved beyond measure (cooking in Asia and Africa, involving the
burning of solid biomass and coal, continues to be a central cause of respiratory
illnesses among women). Increases in scientific knowledge, investment in
public infrastructure, and universal education in advanced industrial countries
have meant that citizens there have far greater knowledge of environmental
hazards than their counterparts in poor regions. They also have resources
to avoid them. These examples reflect positive links between economic
growth and environmental quality.

Despite the conflicting intuitions, many people are convinced that scientific
and technological advances, the accumulation of reproducible capital (ma-
chinery, equipments, buildings, roads), growth in human capital (education,
skills), and improvements in the economy’ institutions can overcome diminu-
tions in natural capital. Otherwise it is hard to explain why so much of the
social sciences in the twentieth century has been detached from the envi-
ronmental sciences. Nature is all too often seen as a backdrop from which
resources and services can be drawn in isolation. Macroeconomic forecasts
routinely exclude natural capital. Accounting for Nature, if it comes into
the calculus at all, is usually an afterthought. The rhetoric has been so
successful, that if someone exclaims, “Economic growth!”, one does not
need to ask, “Growth in what?” — we all know they mean growth in gross
domestic product (GDP).

The rogue word in GDP is “gross”. GDP, being the market value of all
final goods and services, ignores the degradation of natural capital. If fish
harvests rise, GDP increases even if the stock declines. If logging intensifies,
GDP increases even if the forests are denuded. And so on.The moral is sig-
nificant though banal: GDP is impervious to Nature’s constraints. There
should be no question that Humanity needs urgently to redirect our rela-
tionship with Nature so as to promote a sustainable pattern of economic
and social development.

A proposal

Rio+20 Summit on biodiversity preservation was convened to provide
a resolution to the problems Humanity faces in our interchanges with Nature.
In practical terms though, it is widely acknowledged to have been a failure.
Nevertheless, the occasion provided an opportunity for concerned people
to air their views on the various types of biodiversity losses the world has
been experiencing in recent decades. Concomitantly, the Summit offered
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INTRODUCTION

a platform for people to review the character of both global and local
resource stresses.

Looking through the Summit’s programme of events, however, it is hard
to detect an overarching intellectual framework that was used to identify
Nature’s constraints. The lacuna was inevitable. The engagements that took
place alongside the Summit were ones where citizens brought their particular
concerns to the table; they weren’t an occasion for a collective endeavour
among natural and social scientists. That is why we are proposing a joint
PAS-PASS workshop on Sustainable Humanity, Sustainable Nature.

Our idea is not to catalogue environmental problems. That has been done
at many other gatherings. We propose instead to view Humanity’s interchanges
with Nature through a triplet of fundamental, but inter-related Human
needs — Food, Health, and Energy — and ask our respective Academies to
work together to invite experts to speak to the various pathways that both
serve those needs and reveal constraints on Nature’s ability to meet them.
That requires a collaborative eftfort of natural and social scientists. We would
hope some of the sessions would consist of presentations by a pair of experts
from the natural and social sciences, respectively.

Sustainable Humanity, Sustainable Nature: Our Responsibility | 17



Introduzione

I rapporti che I'Umanita intrattiene con la Natura sono sostenibili? Qual
¢ lo status della Persona Umana in un mondo in cui predomina la scienza?
Come va intesa la Natura e come si valuta se il rapporto che 'Uomo ha con
essa ¢ buono? Possiamo attenderci che, anche in un prossimo futuro, continui
la crescita economica globale che si ¢ avuta negli ultimi sei decenni? Possiamo
contare sul fatto che le conoscenze e le competenze aumentino in modo tale
da ridurre la dipendenza dell’'Uomo sulla Natura, nonostante la crescita espo-
nenziale delle nostre attivita economiche e della popolazione? Il divario sem-
pre maggiore tra 1 ricchi e 1 poveri del mondo, in termini di dipendenza dalle
risorse naturali, ¢ la conseguenza di questo sviluppo?

Il dibattito contemporaneo su tali questioni dura ormai da decenni. Se
va avanti, spesso in modo dissonante, ¢ perché ¢ plasmato da due punti di
vista opposti ed empirici. Da una parte, se consideriamo gli esempi specifici
di ci0 che si puo chiamare capitale naturale (falde acquifere; zone di pesca
oceaniche; foreste tropicali; estuari; acquitrini; 'atmosfera come luogo di
smaltimento del carbonio; le nuvole marroni e altri inquinanti), vi sono
prove convincenti che, ai tassi di sfruttamento attuali, le caratteristiche di
questo capitale molto probabilmente muteranno in peggio con poco pre-
avviso. Lo scioglimento dei ghiacciai e del ghiaccio marino sono sintomi
recenti, ma gia nel 2005 il Millennium Ecosystem Assessment aveva rilevato
che 15 dei 24 ecosistemi che aveva valutato nel mondo erano degradati o
venivano sfruttati a tassi insostenibili (MEA, 2005a-d).

D’altra parte, se studiamo le tendenze del consumo di cibo, dell’aspetta-
tiva di vita, e del reddito registrato nelle regioni attualmente ricche e in
quelle che stanno per diventarlo, la scarsita di risorse non sembra ancora
aver colpito.

Queste intuizioni contrastanti non sono scollegate da una certa tensione
intellettuale prodotta dalle preoccupazioni condivise dalla gente riguardo
alle emissioni di carbonio e alla perdita di biodiversita che coinvolgono re-
gioni, nazioni e continenti; e anche riguardo alla riduzione della disponi-
bilita di legna da ardere, acqua potabile, risorse costiere e prodotti boschivi,
persino in localita molto piccole, a livello di singoli villaggi. Ecco perché “i
problemi ambientali” e “le prospettive future” vengono intesi in maniera
diversa a seconda delle persone. Alcuni identificano i problemi ambientali
con la crescita della popolazione, altri con forme errate di crescita econo-
mica. Ci sono coloro che ritengono un problema ambientale I'inquina-
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INTRODUZIONE

mento urbano nelle economie emergenti; altri si riferiscono alle condizioni
di poverta in cui si vive nei paesi pit poveri del mondo. Alcuni parlano di
“sviluppo sostenibile” solo quando alludono allo sviluppo economico del-
I’economia globale, mentre altri lo considerano in termini di prospettive di
sviluppo dei villaggi nell’ Africa sub-sahariana.

Ognuno di questi punti di vista ¢ corretto. Sappiamo che cio che inizia
come inquinamento urbano si andra a stratificare formando le Atmospheric
Brown Cloud (ABC), nuvole marroni contenenti particelle di carbonio
nero e ozono, che ogni anno distruggono circa 2 milioni di vite umane e
oltre 100 milioni di tonnellate di colture, perturbano la circolazione dei
monsoni e contribuiscono allo scioglimento dei ghiacci e della neve dell’-
Himalaya. Non esistono problemi ambientali individuali, ma una vasta serie
di problemi interconnessi. Alcuni si stanno presentando oggi, mentre altri
sono potenziali rischi per il futuro. Si manifestano su diverse scale e proce-
dono a velocita diverse. Sebbene lo sviluppo economico sia andato di pari
passo con la crescita degli inquinanti industriali e agricoli, né le misure pre-
ventive né quelle curative hanno tenuto il passo con la loro produzione nei
paesi industrializzati. Questa negligenza ¢ diventata evidente nelle regioni
in rapida crescita quali Brasile, Russia, India, Cina e Sud Africa (BRICS).
Lentita dell'impresa umana ha inoltre messo a dura prova le capacita degli
ecosistemi, cosicché I'Uomo ¢ arrivato ad essere la specie dominante sulla
Terra. Nel ventesimo secolo la popolazione mondiale ¢ cresciuta di 4 volte
(raggiungendo gli oltre 6 miliardi), la produzione mondiale di 14 volte, la
produzione industriale ¢ aumentata di 40 volte e I'utilizzo dell’energia di
16,1a popolazione bovina che produce metano ¢ cresciuta di pari passo con
la popolazione umana, la quantita di pesce pescato ¢ aumentata di 35 volte,
le emissioni di carbonio e biossido di zolfo di 10 volte. Papporto di azoto
nell’lambiente terrestre derivato dall'impiego di fertilizzanti, combustibili
fossili e piantagioni di leguminose ¢ grande almeno quanto quello derivante
dalla somma di tutte le fonti naturali. I1 45% circa delle 45-60 tonnellate di
carbonio che sono trattenute annualmente dalla fotosintesi terrestre (pro-
duzione primaria netta della biosfera) vengono attualmente destinate ad uso
umano. Sono stime approssimative, ma questi numeri fanno comprendere
le proporzioni della presenza umana sulla terra. L'umanita si scontra contro
1 vincoli della Natura sia localmente, che a livello globale. Non ¢ un caso
che la nostra epoca attuale sia stata denominata Antropocene.

D’altra parte, la crescita economica ha portato al miglioramento di un
certo numero di risorse ambientali in termini di qualita. La disponibilita
capillare di acqua potabile e la maggiore protezione delle popolazioni
umane dei paesi industriali avanzati nei confronti delle malattie trasmesse
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via acqua e via aria hanno permesso la crescita economica di cui questi
paesi hanno beneficiato nel corso degli ultimi 200 anni. Anche 'ambiente
fisico all’'interno delle abitazioni ¢ oltremodo migliorato (in Asia e in Africa
1 metodi tradizionali di cuocere il cibo bruciando biomassa solida e carbone
continuano a essere la causa principale delle malattie respiratorie tra le
donne). Il miglioramento delle conoscenze scientifiche, gli investimenti in
infrastrutture pubbliche e I'istruzione universale nei paesi industriali avanzati
hanno fatto si che 1 loro cittadini siano molto pit consapevoli dei rischi
ambientali rispetto alle loro controparti nelle regioni povere, avendo inoltre
le risorse per evitarli. Questi esempi riflettono legami positivi tra crescita
economica e qualita ambientale.

Nonostante le intuizioni contraddittorie, molti sono convinti che 1 pro-
gressi scientifici e tecnologici, 'accumulazione di capitale riproducibile
(macchinari, attrezzatura, palazzi, strade), la crescita del capitale umano
(istruzione, competenze), e il miglioramento delle istituzioni dell’economia
possano supplire alle minusvalenze del capitale naturale. Altrimenti ¢ difficile
spiegare 1l motivo per cui le scienze sociali nel ventesimo secolo si siano in
gran parte distaccate dalle scienze ambientali. La Natura ¢ vista troppo
spesso come un contesto dal quale ricavare servizi e risorse in isolamento.
Le previsioni macroeconomiche solitamente escludono il capitale naturale.
In quei rari casi in cui la Natura viene tenuta in conto e inserita nell’equa-
zione, si tratta di solito di una considerazione dell’ultimo minuto. Questa
retorica ha avuto tanto successo che quando si parla di “crescita econo-
mica”, non c¢’¢ bisogno di chiedere, “crescita di che cosa?” Lo sappiamo
tutti che si intende la crescita del prodotto interno lordo (PIL).

Tuttavia, la parola trabocchetto all’interno del PIL ¢ I'aggettivo “lordo”.
I1 PIL, essendo il valore di mercato di tutti 1 beni e servizi finali, ignora il
degrado del capitale naturale. Se aumenta la pesca, aumenta il PIL, anche se
le riserve di pesce diminuiscono. Se si intensifica 'abbattimento di legname,
il PIL aumenta, anche se le foreste vengono disboscate. E cosi via. La morale
¢ significativa anche se banale: il PIL ¢ indifferente ai vincoli della Natura,
mentre non si dovrebbe assolutamente mettere in dubbio I'urgente bisogno
che I'Umanita ha di reimpostare il proprio rapporto con essa per promuo-
vere un modello sostenibile di sviluppo economico e sociale.

Una proposta

I1 vertice Rio+20 sulla conservazione della biodiversita ¢ stato convocato
per fornire una soluzione ai problemi che I'Umanita si trova ad affrontare nei
suoi interscambi con la Natura: nella pratica, tuttavia, ¢ stato ritenuto, in ge-
nerale, un fallimento. Ciononostante ¢ stata un’occasione per dare 'opportu-
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nita alle persone interessate di esprimere le proprie opinioni sui vari tipi di
perdite che il mondo subisce negli ultimi decenni a livello di biodiversita.

Il vertice ha inoltre offerto una piattaforma per esaminare le caratteri-
stiche delle pressioni sulle risorse sia a livello globale che locale.

Analizzandone il programma ¢ difficile rilevare il quadro complessivo
utilizzato per individuare i vincoli della natura. La lacuna era inevitabile.
Gli appuntamenti che hanno avuto luogo a margine del vertice hanno per-
messo ai cittadini di mettere a tavolino specifiche preoccupazioni; non sono
stati un’occasione di sforzo collettivo tra scienziati naturali e sociali. E pro-
prio per questo che abbiamo proposto questo gruppo di lavoro congiunto
PAS-PASS su Umanita sostenibile, natura sostenibile.

Il nostro obiettivo non ¢ quello di presentare un catalogo di problemi
ambientali. Questo ¢ gia avvenuto in altri incontri. Ci proponiamo invece
di rapportare gli interscambi dell’Umanita con la Natura a tre bisogni umani
tondamentali tra loro collegati — alimentazione, salute e energia — e chie-
diamo alle nostre rispettive Accademie di collaborare, invitando esperti delle
scienze naturali e delle scienze sociali a parlare dei vari percorsi che possano
soddisfare queste esigenze, sottolineando gli ostacoli che la Natura si trova
ad affrontare. Tutto cio richiede lo sforzo collaborativo degli scienziati, sia
delle scienze naturali che delle scienze sociali.
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SUSTAINABLE HUMANITY,
SUSTAINABLE NATURE: OUR RESPONSIBILITY

OscAR ANDRES CARDINAL RoDRiIGUEZ MARADIAGA, SDB

[ would like to thank H.E. Msgr. Marcelo Sanchez Sorondo for his kind
invitation to participate in the opening of this outstanding event.

[ will speak about ethics in today’s world, which is beginning to emerge
from the biggest crisis it has ever experienced since 1930.

[t is true that there have been times of similar distress between that year
and the present — as is the case of the 1970s — but nothing has been as chal-
lenging as the current circumstances.

I have said that I will speak of ethics because every great economic or
political crisis is coupled with a disruption of principles: societies feel that
the ground has been shaken from under their feet, and that they have lost
their knowledge of priorities and the very meaning of things. We are living
in Zygmunt Bauman’s “liquid society”, a society governed by relativism as
mentioned by Benedict XVI and other bright minds capable of going be-
yond fanaticism and fundamentalism.

Nowadays man finds himself to be a technical giant and an ethical child.
The power of men over the means to their goals is incontestable, both in
terms of technological capabilities and with respect to the potentialities of
scientific knowledge.

However, this prowess is displayed in a difficult context where the goals
may get fuzzy. The capacity of the “how?” collides with the lack of clarity
of the “for what’, as not everything that is possible is necessarily conven-
ient for man.

The “we can” of technology calls for ethical insight on the humanizing
“we must”. In other words, that which is humanizing in man, i.e., every-
thing that allows man’s realization as a human person within society and all
that builds a society comprised of human persons, is the imperative bench-
mark for any science that intends to be infused with human nature.

Ethics 1s about wondering about the human meaningfulness of every
activity, and it has an influence on both individuals and society at large. Hu-
manization and “dehumanization” are the two ethical criteria on which lies
any action that makes human dignity and solidarity into something real. As
well, both criteria serve to denounce any action that goes against such dig-
nity and solidarity.

22 | Sustainable Humanity, Sustainable Nature: Our Responsibility



SUSTAINABLE HUMANITY, SUSTAINABLE NATURE: OUR RESPONSIBILITY

With the Millennium Development Goals set to expire less than a year
from now — and as the UN is considering the launch of a project of a similar
nature — there is so much uncertainty about the global economy that, de-
spite the efforts made since the year 2000, many think that the world will
be unable to meet the MDG deadline, and new goals are being thought of
as we speak.

A Natural Project: Ecology And Mankind
1. Man, Technology and Nature

Built on consumerism and the rapid augmentation of profits, progress
in our post-industrial age has led to serious environmental imbalances in
the most comprehensive sense of the term: an over-consumption of non-
renewable raw materials, noise, visual and air pollution, and the extinction
of animal and vegetable species. It has also brought about profound social
and economic imbalances: a wealthy Northern Hemisphere where a
poverty-stricken Fourth World has emerged, a Southern Hemisphere rid-
dled with deprivation and misery, and forced emigration. In addition, our
world is currently the sad witness of energy crises and speculation, of health
disorders caused by the overabundance of food in some places and by
famine elsewhere, and of old diseases in a new form as a result of antibi-
otic-resistant microbia.

No doubt man’s life on Earth has been riddled with ordeals, which ex-
plains his aggressiveness and his drive for domination.

In the face of a difficult and hostile world, more and more sophisticated
techniques have been created to domesticate it and make it inhabitable.

But technical advancements have progressed so much that it already
seems as if we were living in an artificial world. Thus a sort of “supra-na-
ture” has been created, which has partly helped man, but which has also
detached him from Mother Nature. Both History and our current existence
show that our “software” — i.e., our ideas and values — has evolved much
more slowly than our “hardware”, which has focused for centuries on max-
imum growth and productivity.

Science dehumanizes itself whenever it takes the path of utilitarian tech-
nology: thus technology becomes a strategy for life, as described by Oswald
Spengler in his book about the decline of the West.! Technology is the de-

! Spengler, Oswald. The Decline of the West. Ed. Arthur Helps, and Helmut Werner.
Trans. Charles E Atkinson. New York: Oxford UP, 1991. ISBN 0-19-506751-7.
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struction of every single myth, a sort of “anti-myth” which is in turn trans-
formed into an ever more irrational and dehumanizing myth, as it subjects
everything to unconditional objectification.

When modern technology turns its back on its inherent poetry and
creativity and degrades Nature to something that is to be possessed, dom-
inated and manipulated, it becomes “the grave danger”, as Martin Heideg-
ger once warned.?

Coupled with rustic, coarse positivism, the dogma of unbridled growth
has turned Nature into an object of use and exploitation. When Nature be-
comes a funfair for technology, and when it is turned into a repository of
readily available resources, the vital bond between man and the environment
is broken, and an imbalance of unforeseeable ramifications ensues.

Harmony — or the lack of it — between man and Nature will depend on
whether man treats Nature from a purely utilitarian standpoint, or whether
he interprets it as a space for life that is not to be reduced to a mere instru-
ment or an object of his whim. Nature is neither separate from man, nor
against man: rather, it exists with man. No sin is more heartless than our
blindness to the value of all that surrounds us and our persistence in using
it at the wrong time and abusing it at all times.

Only through universal unitedness between men, animals, plants and
things will we be able to push aside the conceit of our race — which has
come to think of itself as the despotic ruler of Creation — and turn it into
the elder brother of all of its fellow creatures.

The environment cannot be solely a space for either peaceful or violent
occupation. It must also be the object of great concern, as it is an extension
of man himself, who lives on this planet as our hearts live inside our bodies.

Warning voices are currently being heard across all contexts about the
grave deterioration of Sister Nature. Some people even talk about “terri-
cide”, the murder of Earth. Nevertheless, it is also true that as with many
other dominant issues of our time, people are easily tempted to exaggerate.

Still, it 1s also true that rivers, oceans, forests, fields, cities, food and the
Earth’s atmosphere itself are becoming the victims of the unbridled ambi-
tion of not a few men. For this reason we must do everything within our
reach to humanize Nature, and for Nature, in turn, to humanize us.
This is a two-way street.

In the face of all this, two critical considerations come up from the stand-
point of scientific awareness:

> Heidegger M. (1984), “La pregunta por la técnica”, Ciencia y técnica, Santiago de
Chile, Editorial Universitaria.
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1. Man is unable to have any relationship with his natural environment that
is not based on plunder. Throughout History, our race has broken the laws
of natural equilibrium: thus we have made the water on this planet un-
drinkable and its air unbreathable, we have polluted the soil to the point of
barrenness, and we have implemented unequal and inequitable socio-eco-
nomic resource management and distribution strategies. This sorry land-
scape is often known as “environmental crisis”.

Ethical considerations have been present ever since man became aware
of his intervention in the world.

The rational use of ethics turns man into both the judge of and the
party to his own deeds. More specifically, as soon as the human race grasped
the effects of its aggressive behavior towards Nature, it became aware of the
need to take corrective action.

2.In the face of the all-too-evident destruction of Nature, the current cap-
italist system cannot, on account of its very essence, attain sustainable de-
velopment, as it engenders and feeds on inequity and social injustice, and is
based on the unbridled and predatory use of natural resources, the anarchic
production of goods and the encouragement of consumption with the goal
of obtaining and concentrating profit.

Built on scientific and technological progress, present-day globalization
— which has led to a deeper interconnectedness between production, trade
and finance — is an engine that has pushed capitalism forward to unprece-
dented levels, producing serious social and cultural damage. Ushered in by
neoliberalism, this novel socioeconomic plight enables and promotes the
free play of market forces and fosters productivity, production and con-
sumption, but fails to cater to the needs of society as a whole, which is con-
ducive to increasing pressures on the environment. If this premise is
objective, there is no other alternative than to encourage education in such
a way as to promote a culture of “sustainability” of Nature. Such a culture
should revisit the notion of man as part of the natural world in so many
more ways than just biologically, as man is part and parcel of a cultural
reality that allows him to comprehend his role in Nature.

2. The World, our Home
For Christians, the world is not inhospitable or prison-like, as pictured

in quite a number of mystic and philosophical writings: rather, it is, as de-
scribed by St. Bonaventure, “the house made for man”.?

> Cf. G.H.Tavard, Transiency and Permanence, St. Bonaventure, N.Y., p. 40 1954.
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The concept of “home” always entails a familiar, welcoming and en-
dearing feeling.

If the universe fails to be our abode, it becomes a dreadful place. As
stated by Martin Buber, “there is a cosmos for man only when the universe
becomes his home”.*

For, as Gaston Bachelard beautifully puts it:“in the life of man, the house
thrusts aside contingencies, its councils of continuity are unceasing. Without
it, man would be a disperse being”.?

[t is thanks to the house that man best learns to inhabit and deliver him-
self from the fear of feeling like a stranger. Man is no stranger to the world,
nor is he thrown into it, as propounded by some philosophies of existence:
rather, he 1s a being laid down in the warm enclosure of home.This home
— something that is dearly ours — must be defended with care and passion.

With its pure and consistent Franciscan ingredients, Christian theology
implies an anthropology and 1s conducive to an ecology, for everything — even
matter itself — is good. God has created a marvelous world, and man is not
supposed to manipulate it with rustic distrust. “Subdue the earth” does not
give us free reign to exploit and destroy the environment: rather, it is a com-
mand for men and women to humanize nature by relating to it fruitfully.

[ am very fond of the idea propounded by Werner Arber, the current
president of the Pontifical Academy of Sciences, in his speech during the
latest Synod on new evangelization: in his view, the duty of scientists today
is to discover the possibilities of Nature and copy some of its evolutionary
mechanisms so as to preserve it, perfect it or develop it to the extent pos-
sible. By thus acting, science would be offering men what God’s Providence
has placed in Nature for their sustenance.® Deep down this is the same idea
as Paul VI's in his encyclical Populorum Progressio, which stated that devel-
opment — today “sustainable development” — is the new name for peace.

The path that we can propound is that of an education on environmental
values that encourages a culture of vitality, healthiness, respect and responsi-
bility, and that builds individuals endowed with a discerning and participative
conscience. As long as it is not addressed in this manner, environmental ed-
ucation will do no more than supply knowledge on the natural world, over-

* Buber M., ;Qué es el hombre?, EC.E. Mexico 1949.

3 Judit Uzcategui Aratjo, El imaginario de la casa en cinco artistas contempordneas, Eute-
lequia, Madrid, p. 15, 2011.

® Werner Arber, Contemplation on the Relations Between Science and Faith, 12
October 2012, http://www.casinapioiv.va/content/accademia/en/academicians/ordi-
nary/arber/contemplation.html
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looking one of its principal roles: encouraging a change in perception that
may be conducive to the emergence of new values.

Only when our attitudes and behaviors are pivoted on new, revitalized,
motivating and harmonizing values will we be closer to many of the solu-
tions that are so badly needed in the environmental arena.

3. Man’s Attitudes Regarding the World
Throughout human History man has often changed his way of viewing
and dealing with the world. By way of summary, the following points rep-
resent the most significant trends:
1. Man is in panic before the natural world: this is translated into fear, terror
and adoration.

2. Man is in awe of the world, which leads to feelings of surprise, bewil-
derment, and admiration.

3. Man is respectful of the mysteries of the world, a place of harmony and
beauty due to its being a reflection of the Creator.

4. Man rationalizes the world through mathematization, and as a reflection
of the human race.

5. Man feels disillusioned with the world, which has been reduced to a
mechanical model, is interpreted from a positivist standpoint and is seen
solely from an efficacy perspective.

6. Man dominates and exploits the world as if it were a repository of un-
limited resources, which he squanders and exhausts.

7. Man discovers — or rediscovers — the beauty of the world and his rela-
tionship with it. The world is our dear abode, and taking care of it or al-
lowing it to deteriorate will both have inevitable repercussions on its
dwellers. Caring for the world implies respecting Nature as well as de-
veloping it sustainably, that is, in keeping with its actual possibilities. Al-
though this is in stark contrast with viewing the natural world as the
object of man’s whims, it does not mean that conserving our planet is
equal to refraining from developing it.

The current situation contributes to accentuating the difterences in the
environmental impacts — which vary depending on the lifestyles and the
socioeconomic conditions of the developed and the developing worlds —
of human activities performed in a globalized planet that pretends to appear
free of all boundaries.

Despite their environmentalist discourse, developed countries continue
to increase production as well as consumption patterns.
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In underdeveloped nations poverty is growing at an unbridled pace, and
marginalization, unhealthiness and the lack of food safety are at their utmost,
exacerbating pollution and the degradation of natural resources. This is added
to the environmental impacts resulting from capital imports from wealthy coun-
tries, whose drive to obtain raw materials — by exploiting natural resources and
hiring cheap labor — further increases the deterioration of the environment.

4. A Global Issue with a Latin American Sensibility:

In the Aparecida Document, the Bishops of Latin America have criti-
cized international extractive industries and agribusiness, as well as the
growing production of biofuels, especially when it is undertaken at the ex-
pense of the food necessary for human survival. I would like to quote a
fragment from this Document: “ Financial institutions and transnational compa-
nies are becoming stronger to the point that local economies are subordinated, especially
weakening the local States, which seem ever more powetless to carry out development
projects at the service of their populations, especially when it involves long-term in-
vestments with no immediate dividends. International extractive industries and
agribusiness often do not respect the economic, social, cultural, and environmental
rights of the local populations, and do not assume their responsibilities.

Preserving nature is very often subordinated to economic development, with dam-
age to biodiversity, exhaustion of water reserves and other natural resources, air pol-
lution, and climate change. The possibilities and potential problems of producing
biofuels should be studied so that the value of human persons and their survival
needs prevail. Latin America has the most abundant aquifers on the planet, along
with vast extensions of forest lands which are humanity’s lungs. The world thus re-
ceives free of charge environmental services, benefits that are not recognized econom-
ically. The region is affected by the warming of the earth and climate change caused
primarily by the unsustainable way of life of industrialized countries” (DA, 66).

In a visit to Punta Arenas, Chile, made on April 4, 1987, St. John Paul 11
urged us not to “allow our world to become an ever more degraded and degrading land”.

The final chapter of the Aparecida Document’s conclusions — called Our
Peoples and Culture — also proposes a number of actions for attaining a
balance between sustainable humanity, protected Nature and man’s rational
responsibility for both realities.

For example, in Section 10.4 on new types of areopagus and decision-
making centers, the Bishops state that they wish “...to congratulate and en-
courage the many disciples and missionaries of Jesus Christ who with their coherent
ethical presence, continue to sow the gospel values in the environments where culture
is traditionally created and in the new types of areopagus: [...] ecology and protection
of nature” (DA, 491).
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This can also be applied to this forum of the Pontifical Academy of So-
cial Sciences: in the final section of the Document’s conclusions, the Bishops
speak about the paths of reconciliation and solidarity (Section 10.9) and
assert that the culture of peace that should be aspired to (DA, 542) “flows
from sustainable and fair development that respects creation”.

5. Conclusion

The future of our habitat, the quality of our food and the wise use of
the various sources of energy on Earth depends, of course, on scientists,
politicians, philosophers, theologians, sociologists and psychologists: but it
also depends on making the daily relationships of the world’s inhabitants
more humane. Henri Bergson used to say that the swollen body of hu-
manity calls for a supplement of soul, and that the mechanical (i.e., the
“swollen body”) demands a mystique. Perhaps it might be better to assert
that man needs to discover his own spirit, a spirit that rather than a sup-
plement of his soul, is his own self. Only then will he be prepared to in-
habit the natural world and furnish the technical world with a supplement
of humanity and tenderness.

Man broadens the world’s potential and ceaselessly transforms Nature
into culture in unison with all the beings on this planet. For this purpose,
he needs to perceive, discover and admire the wonders around him. One
of the evils of mankind today is color-blindness, an inability to see reality
thoroughly. Color-blindness implies seeing things partially, perceiving only
some colors and shapes, and judging all of reality, all of life, from a limited
and deformed viewpoint.

When we talk about values on a daily basis, we refer to the positive qual-
ities that are attributable to a given individual, or to the importance that
we ascribe to something.

Throughout History, the term “value”, whose origins go back to Greek
and Roman times, has been given different semantic implications. Its Greek
meaning from the point of view of axiology is quite noteworthy, as is its
Latin definition “be strong, be well”.

Building, restoring and fostering the “values” that give shape to our be-
havior to produce harmonious and peaceful actions is an overall objective
in present-day education.

Values education entails conveying concepts that embody, in and of
themselves, motivations, intentions, purposes, affiliations, detractions, etc.

A value is much more than a concept stemming from the intellect, as it
is capable of affecting man in his totality, i.e., as an intellectual and sensitive
being. For this reason, values education is both education in its logic sense
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as it must guide judgment-based choices, and education in the realm of
teelings and emotions.’

Values education that goes beyond formal, bureaucratic pedagogical dis-
course must be capable of contesting, among other things, the centrality
ascribed to “job opportunities”. Education must be targeted on building
citizens that are both judicious and committed to the ideals of democracy,
justice and respect for one another and the environment.

As Arnold J. Toynbee wrote some years ago, “fo keep the biosphere inhab-
itable for another 2000 years, we and our descendants must forget the example of
Pietro Bernardone, the successful wholesale cloth-merchant of the 13" Century, and
his material prosperity, to follow the example of Francis, St. Francis, his son, the
greatest of all men that have ever existed in the entire Western World... It is St.
Francis’s example that we Westerners should truly imitate...” .®

This consistent testimonial of sustainable humanity and credible respon-
sibility, and of a natural world that deserves being protected, can become a
motto for all those who believe in a better future for mankind and the
world, and who commit to working hard to build it.

Education entails boundless responsibility which exceeds the school and
society arenas and affects the very existence of the state itself. The future
and the survival of the state depend on the quality of the education that it
imparts, and this is a matter of spiritual values.” For education as a social
practice is the means for translating the ideals of society.

In my view, our primary environmental strategy should be environmen-
tal education: this is a pressing and ongoing requirement, because through
an education on the environment, individuals, societies and states will be-
come aware of the transcendent meaningfulness of the world around us.
Education will thus enable us to constructively absorb the skills, the expe-
rience, the values and the determination that will prompt us to work to
solve both present and future problems in this realm and address them as
challenges pertaining to our responsibility for the sustainability of both the
environment and mankind."

7 Barra Ruatta, Educacién en valores: La vida, la escuela, el sentimiento, in Educacién y va-
lores. Boiero de De Angelo, M. Rio Cuarto. Fundaciéon UNRC, Argentina (2002).

8 Arnold J. Toynbee, Entre el Maule y el Amazonas, Emecé, Espafa, pp. 51, 1967.

? Laurence E., The origins and growth of Modern education. Middlesex: Penguin Books
(1972).

1"The core theme of this Conference.
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6. Food for Thought and Topics for Exchange

- I think that we lost our humility — it is not by chance that the word “hu-
mility” should come from the Latin humus, which means “earth” — when
we deified ourselves as owners of the planet and turned our backs on our
role as God’s stewards on Earth. By deeply experiencing creatural humility,
we might be able to demythologize the anti-values that dehumanize us
and denaturalize society. I have the impression that our societies are be-
coming — or have already become — dehumanized and denaturalized.

- An attitude of humility implies simplicity and gratitude. More often than
not we are more aware of what we lack than of beauty, friendship, the
joy of living and the many other gifts that God has to offer to us. Being
wise enough to look upon life and the world around us with gratitude
is an incentive for living in a state of joyfulness.

- Insome ecology-oriented contexts the concern seems to be more about
Nature than about man himself: this breaks the equilibrium between
mankind and a sustainable natural world.

7. Conclusions

Science has helped us to discover a different approach to Nature, one
that is fully rooted in our Christian tradition. If we paid more attention to
it, we might be able to discern different pathways for solving many of the
environmental issues of our time.

This issue is by no means the sole prerogative of Christians: rather, it is
a matter that should concern all men from all cultures and religions, because
we are all citizens of the same planet. In the face of an anthropogenic reality
which has become man’s very trap, the road that remains is that of authentic
education. For as long as it is viewed as an integral and integrating process,
environmental education will raise awareness among individuals and social
groups, and prompt them to embrace their share of responsibilities with re-
spect to restoring the natural order.

Environmental education concerns all human beings, but it also implies
considering the diverse components that make up the human race (age, re-
gion, culture, socioeconomic circumstances, etc.), as these components will
determine what approaches are best for each set of conditions.

The solution to mankind’s sustainability issues is not to be improvised:
we must prepare ourselves through education by developing discerning cit-
izens that are committed with the ideals of democracy, justice, and respect
for one another and the environment.
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WORD OF WELCOME

WERNER ARBER, PAS PRESIDENT

Good morning! In the name of the Pontifical Academy of Sciences —
natural sciences — [ am very pleased to welcome all of you here. I consider
it quite important that our two Academies treat the interdisciplinary topic
of sustainability together, and I hope that we will find a good mutual un-
derstanding on the questions to be dealt with. I look forward to reach con-
clusions that can be communicated first of all to the Vatican, but then also
to the outside world, to many attentive people in many countries. By the
way, this joint workshop is the first regular meeting that our two Academies
organize together.

In the past, our Pontifical Academy of Sciences has already discussed at sev-
eral occasions questions and concerns relating to sustainability. In March 1999,
at the transition to a new millennium, a Study-Week was devoted to Science
for Survival and Sustainable Development' with highly relevant contributions.

In November 2008, our Academy devoted its Plenary Session to the
topic Scientific Insights into the Evolution of the Universe and of Life.? It is mainly
due to the advances of astrophysical knowledge that we know the age of
our Universe and that in the course of extremely long time periods solar
systems are born and eventually die after a long lifetime. Our solar system,
including our planet Earth, exists since about 4,500 million years. Unicel-
lular, anaerobic life on our planet can be assumed to have started about
3,500 million years ago. Some 2,500 million years ago cyanobacteria must
have started to carry out photosynthesis, a reaction liberating free O, mol-
ecules that slowly accumulated in the atmosphere. At much later times,
green plants showed up and intensified the production of O, by photosyn-
thesis. When the oxygen level in the atmosphere had reached a level of 20%
or more (some 540 million years ago), aerobic life became possible which
gave rise to the evolution of animals and finally to primates including the
human species. The relatively high O, level in the atmosphere gave also rise
to the formation and maintenance of an ozone layer which protects us from
damage by cosmic radiation.

"' PAS Scripta Varia 98, pp. 427, 2000. Available online http://www.casinapioiv.va/con-
tent/accademia/en/publications/scriptavaria/scienceforsurvival.html

2 PAS Acta 20, pp. 67 & 620,2009. Available online http://www.casinapioiv.va/con-
tent/accademia/en/publications/acta/evolution.html
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In a workshop entitled Via humanitatis organized by our Academy in
cooperation with a group of French scientists in April 2013 (publication
of the proceedings pending), it was concluded from archeological investi-
gations that the species homo sapiens must have started its evolutionary origin
some seven million years ago.

Referring again to astrophysical notions, we can assume that our sun
can still spend us energy for another 4,000 million years. But, of course,
one cannot predict if life on our planet can still continue to persist and to
evolve so long.Various sources for serious disturbances are possible, such as
a drastic collision with another large object circulating in the sky.

These considerations lead me to raise the question on the time horizon
that we should envisage for a sustainable development on our planet under
the impact of our cultural evolution. Should we envisage to maintain rea-
sonable living conditions for humans for another few million years? Or is
it more realistic to consider a much shorter time horizon of our cultural
evolution in a rich and convenient natural environment?

[ am aware that many contemporary humans define sustainability for just
a few hundred years, i.e. to insure convenient living conditions for a few
generations of their progeny. To my mind, this is not a responsible planning.
I therefore propose to envisage a time period of at least 10,000 years. It 1s
about 10,000 years ago that our cultural evolution began when humans
started with agriculture, which represents their domestication of animals and
of food plants. Up to that time, humans gathered and hunted to insure their
daily diet, i.e., as the animals generally gather their daily nutrition. I am aware
that a time horizon of 10,000 years for a responsible, sustainable develop-
ment, is still difficult to plan, but I consider that it is feasible. I rather doubt
that we could envisage the future development of appropriate living condi-
tions for one or a few million years ahead. Let us keep in mind that our daily
lives depend on a rich biodiversity, on appropriate habitats and on and a
number of essential inorganic, non-renewable resources, which our cultural
evolution should protect and not use up and not destroy. With these expec-
tations I now look forward to fruitful discussions in the next few days.
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Good morning everybody and welcome from the two Academies. We
will start with the more senior, the Academy of Sciences, and then our
newcomer, the parvenu, the Academy of Social Sciences, and it’s always a
pleasure when the two get together, especially on — well, we only get to-
gether on important topics. We’ve had a very good workshop on education
together, now we are addressing sustainability and the whole programme,
for which we must thank our three organisers, is about the issue of sustain-
ability, so thank you very much to Ram — I'm told I’'m allowed, I must call
him Ram, because I will mispronounce his name otherwise, so forgive me
for this — to Partha Dasgupta, on behalf of the Academy of Social Sciences
and to Archbishop Roland Minnerath who, as usual, is the faithful source
of continuity in our Academies and proceedings.

[ think the only thing I want to say, apart from welcome, is very, very
little about the novelty of the problem of sustainability. It is a late 20" cen-
tury issue, it’s a millennial issue, but it does raise two interesting questions
to me, one about why it is so late, at least in human history, that we have a
problem of sustainability. Up to 200 years ago we had David Ricardo, the
economist, talking about the bounty of nature, that natural abundance was
here to stay and, in true enlightenment fashion, man could become the
master of all things natural. And amazingly, of course, this view which only
Malthus, in one sense, challenged, with his contrast between the geometrical
growth of population and the arithmetic growth of means of subsistence,
only Malthus really challenged this seriously within the 19" century. So we
all know the list of our unfriendly human dealings with the planet and its
constituents on which we depend.

There is one thing that interests me, and this is the last point I want to
make. In our discussions and in the papers I have had the chance to read so
far, the whole empbhasis falls, and rightly, in many ways, upon the unfriendly
dealings of humankind with nature in all its aspects, but in this list, which
[ will not repeat — we all know it, although some people, as we well know,
still deny it — one thing stood out to me. The human factor is treated as a
constant: it’s our institutions, it’s the things we develop, it’s our technology,
our means of production. These things change but humankind is treated as
some kind of constant in the equation which, and maybe this is the next
problem on the human agenda, is not a constant any longer. We have ide-
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ological movements for human enhancement techniques, and ideology
which specifically aims to develop human capacities above and beyond their
current average when humankind is treated as a natural kind. We have tech-
nological developments such as the ‘captors’, the implanted chips, the GPS
systems, that human beings carry around with them, that enable new ca-
pacities for social control, social domination, surveillance, knowing exactly
where all of us are all of the time, and if you put all of these together they’re
going to give rise not, I think, to the cyborg that some of the more extreme
theorists are trying to frighten us with but, certainly, we cannot assume that
the needs, requirements, capacities, abilities of the human species are un-
changing: theyre changing from day to day.

So what I hope is that there will be interchange and exchange between
the two Academies on these crucially important issues, crucial for our very
survival, and that, in a sense, we will not end up in this plenary meeting
like the village dance where the same phenomenon seems to happen
throughout the world, girls on one side, boys on the other side, and the
dance is nearly over before they decide that they will get introduced.
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HUMAN-NATURE CO-EVOLUTION

WERNER ARBER

Introduction

In my Word of Welcome 1 referred to the very long time scales of both the
terrestrial and the biological evolutions. Our human species has its roots in
the long past evolutionary progress. We can expect that humanity can also
participate in the future, slowly progressing evolution of the treasure of high
diversities of forms of life and of their natural environments. A scientifically
based knowledge of the laws and forces of nature driving the evolutionary
progress can help us not to disturb the ongoing evolution and to undertake
the appropriate responsibility.

In my presentation I will briefly outline the currently available scientific
knowledge on biological evolution and on its systemic aspects. This will
lead me to discuss a few conceptual conclusions.

From the roots of evolutionary biology to molecular Darwinism

It was in the middle of the 19" century that Charles Darwin published
the theory of natural selection postulating that those organisms dealing best
with their encountered natural environments have the best chance for long-
term survival as a species. Darwin’s theory was based on careful observations
of phenotypic traits of some animals. Shortly thereafter, Gregor Mendel
started the new discipline of classical genetics on the basis of phenotypic traits
of plants. Almost 100 years later, work with bacteria revealed that a major
reason for phenotypic traits is specific genetic information carried in filamen-
tous DNA molecules.[1] When the double-helical structure of DINA mole-
cules was determined,[2] it became clear how the linear sequences of
nucleotides could carry genetic information and transmit it by replication to
the progeny. In the meantime it has become possible to study nucleotide se-
quence alterations due to spontaneously occurring genetic variations.

The three pillars of Molecular Darwinism are: genetic variation as the
driving force of biological evolution, natural selection influencing the di-
rection taken by each step of biological evolution, and both reproductive
and geographic isolation which modulates the evolutionary progress.[3]
The data on spontaneous genetic variation to be reported below are mainly
based on experimental investigations with microorganisms, but there is in-
creasing evidence that the described principals are also valid in eukaryotic
organisms.
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Specific molecular mechanisms can be assigned to three natural
strategies of spontaneous genetic variation

From intensive experimental investigations with Escherichia coli bacteria,
some of its bacteriophages and a few other microorganisms, it became
known that a number of different specific molecular mechanisms serve in
nature for the relatively rare spontaneous production of genetic variants.[3]
These mechanisms act normally at least to some degree contingently with
regard to the site on the DNA and with regard to the time of mutagene-
sis.[4] It 1s in general only a minority of novel genetic variants that provide
to the organism a selective advantage. Other spontaneous DNA sequence
variations may either provide a selective disadvantage or they may not aftect
any phenotype and remain silent, neutral.

We may classify the various specific molecular mechanisms of sponta-
neous genetic variation into three natural strategies of genetic variation.
Each of these strategies contributes with a difterent quality to the evolu-
tionary progress:

(a) One of the natural strategies of genetic variation produces local nu-
cleotide sequence changes, such as a nucleotide substitution, the deletion
or the insertion of one or a very few adjacent nucleotides, or a scram-
bling of a few adjacent nucleotides. By chance, a local nucleotide se-
quence change can improve already existing genetic information
encoding either a specific gene product or a control signal for the ex-
pression of a particular gene product.

(b) A second natural strategy of genetic variation consists in the intrage-
nomic rearrangement of a DNA segment. This can bring about the
translocation, a partial duplication, the deletion or the inversion of a
DNA segment. By chance, these processes can sometimes result either
in the fusion of two difterent functional domains of genetic information
or in the provision of an open reading frame for a gene product with an
alternative expression control signal. In the former case, a novel biolog-
ical function may occasionally result from the fusion, whereas the effi-
ciency of expression of the concerned gene product may be changed in
the latter case.

(c) The third natural strategy of genetic variation resides in the acquisition
of foreign genetic information by horizontal gene transfer. This strategy
can provide a valuable genetic capacity to an organism in just one single
step. We can consider horizontal gene transfer as a sharing in the long-
term evolutionary success of another kind of organism. Note that the
universal genetic code, 1.e.a common language of living beings, facilitates
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the success of this strategy.[5] But we have to be aware that the functional
harmony of the recipient organism must not be disturbed by the acqui-
sition of additional gene functions.

At any time, novel genetic variants are submitted, together with their
parental forms, to the pressure of natural selection. In the longer term, vari-
ants with selective advantage may thereby gain over the others. We must be
aware, however, that optimal living conditions are neither unique nor ab-
solutely constant for a given kind of living organism. Note that the living
conditions depend both on the physico-chemical composition of the en-
vironment and on all other living beings present in a given ecosystem.

The natural reality takes actively care of biological evolution

In the living organisms studied so far a number of particular gene prod-
ucts 1s involved in the occasional production of genetic variants. Some of
these enzymes are involved in genetic rearrangements, whereas others con-
tribute to modulate the frequency of genetic variation. Keep in mind that
Mother Nature is quite inventive, so that the specific mechanisms of ge-
netically encoded variation generators and variation rate modulators may
difter from case to case.

Nature also takes advantage of intrinsic non-genetic elements for spon-
taneous genetic variation. A good example is the impact of short-living iso-
meric forms of bioorganic molecules such as nucleotides. The isomeric
imino form of the nucleotide adenine does not any longer pair with
thymine, but it does so with cytosine.[6] As soon as the adenine reassumes
its relatively stable standard form, the shortly before introduced cytosine
results in a mispairing. In my opinion, it is wrong to interpret this as a repli-
cation error. | rather see in this process a welcome opportunity that can
serve nature for the occasional production of a nucleotide substitution. As
a matter of fact, the living organisms tested so far also possess so-called repair
enzymes with the ability to prevent a stable fixation of the majority of nas-
cent nucleotide mispairings. But their enzymatic prevention is not absolute,
which allows to modulate the substitution rates to evolutionarily adequate
low levels. In other words, the described process serves the evolutionary
progress, it is not an error of the DNA replication fork.

Systemic aspects of life and of its biological evolution

It becomes more and more clear to what degree the living beings in-
terdepend both on contributions provided by a multitude of other living
beings and on their variable terrestrial habitats.[7] This insight represents
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an important message to all human beings to prevent drastic interventions
into the evolutionary progress of the treasure of the encountered biodi-
versity and of its habitats. We have to be aware that the evolutionary time
scale is quite slow, so that we cannot easily perceive the evolutionary
progress with our sensory organs. However, taking responsibility for the
development at a longer term on our planet Earth, either by a religious
mandate or by our own insights into the basic laws of nature, is well an-
chored in our cultural evolution.

Let me just recall here that the start of agriculture some 10,000 years
ago represents an important contribution to improve the living conditions
of the human population. Agriculture consists in the domestication of a
number of food plants and animals ensuring our food provision. With in-
creasing knowledge of specific values of various gene products we have
only very recently started to “domesticate” individual genes, often also from
organisms that cannot easily be maintained and propagated as such. But
from case to case, a horizontal gene transfer into an appropriate carrier or-
ganism can enable us to profit from some products of domesticated
genes.[8] This can serve, e.g., for medical and also for nutritional improve-
ments.[9] Since the voluntary translocation of a single gene corresponds to
the discussed law of nature of horizontal gene transfer as a driving force of
biological evolution, there is no reason to assume risky consequences in all
cases of such engineered transfers, in particular if such translocations are
made on the basis of an identified and well studied gene product. A good
example is golden rice providing a vitamin A precursor to the daily diet.[10]

As human beings we can identify more and more to what degree we
interdepend on the rich existing biodiversity and its various habitats. Our
microbiome [11] consists of a large diversity of microorganisms which co-
habit in and on our bodies. We provide them appropriate habitats and they
live with us in symbiosis, contributing mostly to our healthy living. Only
relatively rarely we suffer from occasional pathogenic effects.

With these indications it may become clear that for at least two reasons,
we have to take good care and not destroy the still rich biodiversity on our
planet. As we have seen, spontaneous biological variation can bring about
particular gene functions from one organism to another (including the
human genome), in particular upon long-term cohabitation. On the other
hand, future generations might possibly identify in the rich biodiversity still
other useful gene functions which they might like to domesticate and use
for their benefit. These long-term aspects should be kept in mind in our
considerations on sustainable development. Specific genes are potential re-
newable resources and should not become lost.
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Additional conceptual aspects of the evolutionary progress

In explaining his drawing of the tree of evolution, Charles Darwin postu-
lated that living organisms must have a common origin. Still today, the sci-
ences cannot explain how life on Earth started nor would we know if there
was one or more than one independent start. However, we still use the tree
of evolution as a concept. In view of the evolutionary relevance of horizontal
gene transfer, I have started to introduce horizontal connectors between
branches of the tree in order to symbolize the occasional acquisition of ge-
netic information from another type of organism.[12] Therefore, living beings
do not only have a common origin but also a common future. Any living
being may, at some forthcoming time, take profit to acquire an additional ge-
netic capacity that had been developed and improved elsewhere.

At least for well-studied bacteria, we can conclude on a duality of the
genome. As I have outlined above, some of the genes serve biological evo-
lution, producing variation generators and modulators of the rates of genetic
variation. These evolution genes serve for the expansion of life and for pro-
viding a rich biodiversity. In contrast, the majority of the genes carried in
the bacterial genome serves in the individual for the fulfilment of life from
one generation to the next. I assume that this conceptual aspect does also
apply to higher organisms.

May [ just mention here that we should not assume that lost biodiversity
becomes fast reconstituted by the continued evolutionary progress. Rather, we
can expect that long-term evolution can bring about an enriched biodiversity
again, but not with all the same genetic functions which had been lost before.

From today’s point of view, it is important to realize that phenotypic
traits do not uniquely depend on specific genetic information. We have to
take note also, as already mentioned, of the relevance of symbiotic effects
of the microbiome and of effects exerted by any other living organism ex-
isting in the same ecosystem. And we also have to consider epigenetic effects
[13] of the environment and impacts of nutrition consumed.

In conclusion, life is of a high degree of complexity, which has to be
considered in any deeper reflection on the long-term sustainable develop-
ment of our planet Earth.
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THE EMERGENCE OF HUMANS: BRAINS
(BobIES AND HANDS), MIND AND SOUL

Yves COPPENS

Before describing the current situation of Nature and Humanity, I think
that my duty today, as a geologist and a paleontologist, is to try to tell you
when and how Nature was born and grew and when and how Humanity
was born and grew.

* % %

According to astrophysicists, our universe is appearing in our scientific
perception, in our knowledge, 13.7 billion years ago, let’s say around 14 bil-
lion years ago. But Science does not know where from, or what for and
Science, in an elegant way, is saying that the origin of our Universe is an
open question!

But Science is able to tell the whole history of these last 14 billion years.

The very first result is that this history is growing towards more com-
plexity but also more organization, a beautiful paradox which means that
this history has a direction of growth, synonymous of meaning. In French,
I would say that «comme T’histoire de ’'Univers a un sens, elle a du ‘sens’».

The astrophysicists are also saying that for them, this Universe, our Uni-
verse, 1s like a physical object, quite homogenous, where the physical laws
have been the same all along these 14 «visible» billion years.

And they are describing a succession of structures, going from sort of
large and flat pancakes to less large galaxies and, at last, to stars and planets.
And inside these structures, matter, very simple and non-organised, is be-
coming less simple and more and more organized.

* %k %

The astrophysicists again, but this time with the geologists, are telling
the history of one of these stars, the Sun, born in a galaxy, the Milky Way,
4.6 billion years ago. And among the planets of this star, appeared one of
them, not too far from the star, not too big, not too small, I mean big
enough to keep water on it and gas around it. Our oceans and our atmos-
phere did exist as soon as 4 billion years ago; their composition was different
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but their existence allowed water to reach a new level of complexity and
organization: associations of molecules became cells, able to exchange mat-
ter and energy and able to duplicate themselves.

Part of the inert matter became a more complex matter, the living one
(sometimes, more is different).

At this level of the history, I have an important point to make.

Many colleagues are currently claiming their sadness because our planet,
so beautifully covered by Nature, is changing, becoming, because of Hu-
manity, “anthropised”. Most of the landscapes, more and more, are showing
humanity marks. And they declare their nostalgia of Nature before Man.

But these colleagues are forgetting that the Earth had a completely dif-
ferent aspect before Nature. In a comparative way, when after 500 to 600
million years of mineral landscapes, life appeared in water and, after 3.5 bil-
lion years, at last covered the surface of our planet, the aspect of the Earth,
because of Nature, has been changing, becoming “biologised”. I guess that,
if some colleagues had existed at that time, they would have had the nos-
talgia of Mineral before Nature.

This remark is to point out that mineralization, biologization, anthropi-
sation are only comparative successive phenomena, probably followed by
something else in a while.

* % %

So life has existed on the Earth since 4 billion years, maybe a bit less.
And a large part of it will change, according to a necessity of adaptation to
different environments, in the direction we have already mentioned: more
complexity and more organization with an obsessional goal, to survive long
enough for reproduction and transmission.

But in an interesting way, I would say that a new paradox is appearing
as a guideline for life. More organized but more complex, life is also be-
coming more diversified but more constrained. I mean that its inventiveness
to find adaptive strategies to survive is going with the development of suc-
cessive mechanisms inside the organisms: RNA, proteins and then DNA,
to control the succession. Life has the privilege of reproduction but with
rules, called heredity.

Life is a precious patrimony of the earth, not yet known elsewhere in
the Universe, useful for the biological equilibrium of humanity, useful for
its needs, useful for its inspiration. So it would be good to take more care
of its sustainability, useful, as far as we currently know, for the sustainability
of Humanity itself. It would be good to respect it.
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* %k %

Life is evolving building the tree of filiations, from some beings com-
posed of one cell to beings composed of several cells, from some beings
with an inside skeleton in water to some vertebrates with lungs outside
water, from some of them with hair and milk, laying eggs, to some mammals
with placenta and, among these mammals, from Primates with binocular
vision and climbing equipment to the so-called Prehumans, permanently
upright for the first time, new bipedal locomotion but still climbing, new
diet and new teeth, new behavior and new brain; standing posture means
free hands, means also new vision, towards the horizon, towards the sky.

* %k %

This is the beginning of what can be called Hominids. A very important
event and we are able to say when this event happened: this geological time
is ten million years ago.

Where: the geographical place is tropical Africa.

Why: because the climate is changing and the landscape is opening.

How: in changing posture, locomotion, diet, behavior, new way of look-
ing, new way of thinking about it, new way of using hands, and improving

their ability.

* %k %

Around 3 million years ago, a second big step happened in the history
of Hominids.

Prehumanity (Prehumans) had to adapt its anatomy;, its diet, its behavior,
its strategy, to survive to a new climate change, a drought. All the animals,
hominid included, had to find new adaptations to this new situation.

And Hominids found three answers:

- A robust one, still with a small brain but with a strong, dissuasive body
and bigger teeth to eat remaining fibrous plants;

- A gracile solution, still with a small brain but better anatomic equipment
to walk and run faster;

- And a second gracile solution, with a small body but with a much bigger
brain (more volume, more complexity, more irrigation) and teeth to eat
almost anything, including meat, and this solution is called Man.

A particularly important event of course, and we are able to say:

When this event happened: the geological time is 3 million years.
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Where: in tropical Africa.

Why: because the climate is changing and the landscape is opening more
and more again.

How: the new brain for Homo (like bigger teeth for Elephants and like
the new leg for Horses), means changing behavior, diet, a new way of look-
ing, including inside ourselves, a new way of thinking, a new way of ex-
changing ideas, thanks to articulated language, permanent dialogue between
thoughts, language, hands, tools, creations and symbols since the very first
one — which means invention of a new environment, Culture.

And Man is Man as soon as he is Man, I mean Human and not Prehu-
man any more.

After the first paradox (more complexity, more organization), after the
second one (more creativity, more control), appeared with Man a new par-
adox: more liberty, more responsibility which is soul.

* % %

[ used to tell the history of Humans, of Humanity (the last three million
years), in four steps, as far as the relationships of Humanity and the envi-
ronment is concerned.

1. From 3 million years ago to ten thousand years ago, "environnement est
subi, the environment is not transformed because Humanity is not, de-
mographically, important enough to do so. Humanity had to support
the environment and its development was, of course, sustainable.

2. From 10 thousands years ago to the nineteenth century, ’environnement
est conquis, it was the end of the last glaciation, the beginning of seden-
tarism for Humanity, which is developing agriculture and breeding.

3. From the nineteenth century to the first half of the twentieth century,

Penvironnement est surprise, like a surprise and like an excess. We were a
few thousand people 3 million years ago in tropical Africa; we were
about 10 million people, 10 thousand years ago, all over the world; we
were about 200 million people at the time of the Christ, and for the
first time, one billion at the beginning of the 18" century.
The consequence has been the necessity of mass production to feed hu-
manity and it has been, at the same time, the time of the development
of industry, technology, science. But Humanity was unconscious at the
time of this turnover that development was becoming insidiously un-
sustainable.
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4. Human demography increased from 1 billion people to 7 billion in less
than two hundred years; a little more than half'a century ago, several sci-
ences, dealing with environment, inform us that the sustainability of Na-
ture became a problem, as well as the sustainability of Humanity. I am
calling this current epoch I"environnement compris.

We understand that we now have to cope with this new situation. It is
the reason why we are here, at this symposium dealing with our respon-
sibility in this new change.
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IMPEDIMENTS TO SUSTAINABLE
DEVELOPMENT: EXTERNALITIES
IN HUMAN-NATURE EXCHANGES®

PARTHA DASGUPTA**

Prologue

A problem in urgent need of attention in modern societies is to discover
ways to de-link national income from recorded employment. If the loss
were shared in a manner deemed fair by the general public, there would be
nothing catastrophic for people in a country where the average income is
35,000 international dollars a year to sufter an income loss of even 25 per
cent, let alone 5 per cent. Average income in the UK in 1990 was about 25
per cent less than in 2005. It is hard to maintain that UK citizens enjoyed
significantly lower levels of personal well-being in 1990 than they did in
2005. Reports on “life satisfaction” suggest that a general rise in private
consumption among a population already enjoying a high standard of living
adds little to happiness (Oswald, 1997; Bok, 2009; Graham, 2009).

In contrast, employment is known to be a powerful factor in a person’s
sense of well-being and self-worth.! It would be a catastrophe were a 25 per
cent drop in average income in a rich country to be accompanied by a com-
parable drop in employment. Citizens would justifiably demand that if there
is to be a significant drop in aggregate income, it should be shared by all.
But that would require employment not to decline. Governments in modern
economies have either been unable to or have chosen not to prevent in-
equities from appearing in employment and income, especially in hard times.
The one route they have taken to achieve full employment is the design of
policies that are thought to boost the demand for goods and services. That
demand needs to keep rising if employment is not to decline is a view that

* Paper prepared for a Symposium, joint between the Pontifical Academy of Sciences
(PAS) and the Pontifical Academy of Social Sciences (PASS), on Sustainable Humanity,
Sustainable Nature: Our Responsibility,Vatican City, 2-6 May 2014.

** I am most grateful to the Councils of PAS and PASS, respectively, and our com-
mon Chancellor, Bishop Marcello Sanchez Sorondo, for the encouragement they have
given Professor V. Ramanathan and me to help define and plan this Symposium.

! Layard (2011) contains a good summary of the findings.
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appears to be shared by all decision makers, be they Keynesians or otherwise.
Politicians and media commentators express anxiety when spending on High
Street shows signs of decline. We are encouraged to think that to consume
is to contribute to the social good. And we are not encouraged to ask
whether the composition of output could be so altered as to weaken the
link between employment and aggregate consumption. It is more than an
irony that short run macroeconomic reasoning is wholly at odds with the
now-universal desire for sustainable economic development.

The study of the demand for goods and services requires that we un-
derstand the processes operating at the interface of consumption, popula-
tion, production, and use of the natural environment (we economists call
the latter,“natural capital”). So it should come as a surprise that social com-
mentators and public servants mostly avoid mentioning those processes even
when paying homage to the idea of sustainable development. A prominent
feature of the interface is the presence of externalities, which are the unac-
counted tor consequences for others — including future people — of decisions
made by each one of us. Those consequences could be damaging to others,
but as they are unaccounted for, people responsible for them aren’t obliged
to compensate the victims. To be sure, any one person has only a very tiny
effect on the global state of affairs, but when the eftects that each of us has
on others are added, the sum can be substantial. The socio-environmental
system 1s not self-correcting, implying that the “invisible hand” does not
work. Eliminating externalities requires collective action, variously at local,
regional, national and international scales.

As a rule the presence of externalities implies wastage. In this paper I con-
struct a unified account of a class of externalities whose presence signifies a
possibly unsustainable use of key forms of natural capital (which by any meas-
ure is an enormous wastage). The source of those externalities includes both
direct and indirect demands for nature’s services. That the demand involves
politically sensitive matters may be the reason why, with but few exceptions
— those related to directly to climate change, ocean acidification, and dead
zones — externalities are mostly absent from public discourse.?

Economics textbooks often maintain that externalities are a symptom
of market failure. That diagnosis was publicized in the Stern Review of the

% See any edition of the annual World Development Report of the World Bank or the
annual Human Development Report of the United Nations Development Programme
(UNDP).To the best of my knowledge neither publication has, for example, devoted a spe-
cial issue devoted to the biodiversity loss that has been accompanying habitat destruction.
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Economics of Climate Change, which contained the now oft-quoted claim
that “climate change is the biggest market failure in history”. The remark
misleads badly. Externalities are a symptom of institutional failure, not simply
market failure. The destruction of the Aral Sea during the Soviet era was
not caused by market failure, but state failure. When village slopes turn bar-
ren because the inhabitants collect firewood at an unsustainable rate, the
cause is communitarian failure, not market failure. When people burn wood
and dung to cook their meals and heat their homes, the agency inflicting
externalities both indoors and outdoors isn’t “the market” but the house-
hold. And when we worry that the climate system could pass tipping points,
we should blame the nations as a collective for continuing to be recalcitrant
in negotiating a “climate policy”.?

The externalities I study here are mostly of a detrimental kind. Depending
on the context, the group suftering from them could be a household, village,
district, state, nation, or nations as a collective. Owing to difterences in societal
histories, institutions, customs, and ecologies, the externalities differ also in
scale, magnitude, and speed. Nevertheless they have a common characteristic.
In this paper I try to unearth that commonality.

Preliminaries

The use to which natural capital is put depends on humanity’s demand
for goods and services. The demand in turn depends on population size
and composition, incomes, the knowledge base, social practices, technolo-
gies in use, and so on. Many goods and services are produced (food, cloth-
ing, housing, transport, education), while others are supplied directly by
nature (air for breathing, river water for drinking, micro-organisms for de-
composing waste, birds and bees for seed dispersal and pollination). The ag-
gregate demand for goods and services is tautologically the product of
average demand per person (reflecting the degree of “affluence”) and pop-
ulation size. The “I=PAT” formula, made famous by Ehrlich and Holdren
(1971), that the Impact on nature of human activity is a function of Popu-
lation, Affluence and Technology, stands as a metaphor for a complicated
set of relationships among reproduction, consumption, production, and our
use of the natural environment.

The externalities discussed below amplify the “I” in the “I=PAT” equa-
tion, by affecting each of the elements on the right hand side of the formula.
In decentralized societies the amplification is not self-correcting. Elimina-

* See Dasgupta (2001), Barrett (2003), and Dasgupta and Ehrlich (2013).
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tion, even dilution, of externalities requires some form of collective action.
In contrast, what is required in a society that is not decentralized is a policy
change by the agency responsible for the externalities.

In days when human population was thin and consumption was low
relative to Earth’s then capacity, the externalities I discuss here were far less
pronounced at the global level than they are now. Currently over 45 per
cent of the 45-60 billion metric tons of carbon that are harnessed annually
by terrestrial photosynthesis is appropriated for human use (Vitousik et al.,
1986, 1997). Due in large measure to that (including the destruction of nat-
ural habitats), 15 of the 24 major ecosystem services examined in the Mil-
lennium Ecosystem Assessment were found to be either degraded or
currently subject to unsustainable use (MEA, 2005a-d).

[t would be absurd to claim that humanity’s over-stretch over Earth has
been intentional. Unravelling externalities enables us to discover the unin-
tended reasons behind the over-stretch. Crude calculations suggest that if
the 5.7 billion people in poor and middle-income countries today were to
match the consumption patterns of the 1.3 billion people in the rich world,
at least two more Earths would be needed to support everyone on a sus-
tained basis (Rees, 2001). Because the consensus among demographers is
that world population will be 9.5 billion or more by 2050, the demands
made of Earth will prove to be even more unsustainable. If humanity is to
have a fighting chance of achieving sustainable development, it behoves us
at a minimum to identify the externalities that would have to be reduced,
if not entirely eliminated.

Four classes of externalities are of interest in sustainability analysis. They
are associated, respectively, with (1) consumption, (2) use of the natural en-
vironment, (3) reproduction, and (4) technology. We study them in turn.

1. Consumption

Consumption habits give rise to externalities that people inflict on
their future selves. To the extent habit has a persistent influence (habits
“die hard”), the past is ever present. This leads to path dependence in the
pattern of consumption. That dependence in turn locks people into the
desire for what could eventually be unsustainable consumption. Let us
see how.

As social animals, we are both competitive and conformist. We want to
attain status in our community in certain ways and yet want simultaneously
to be like others in other ways. This leads to two types of consumption ex-
ternalities.
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1.1. Competitive Consumption

In his classic work on the Gilded Age,Veblen (1925) spoke of “conspic-
uous consumption” so as to draw attention to consumption as a status sym-
bol (flashy cars, fineries, mansions). But if a commodity is to serve as a status
symbol, its consumption must be observable by others; which explains the
double-edged title of Veblen’s classic.

Veblen’s notion of status has been extended to cover the tendency of
people to try to out-do the “Jones’s”. Social scientists have modelled such
forms of consumption competition as “rat races”, where each household
tries to beat all others in their consumption patterns in what 1s a self-de-
feating proposition (Duesenberry, 1949; Hirsch, 1977; Oswald, 1997). It’s
rather like someone trying to walk up an escalator as it moves down at the
same speed (the externality). The process creates yet another form of the
“tragedy of the commons”. Everyone works harder and consumes more
than they would if they all agreed to work less hard and consume less, but
are unable to find a mechanism for enforcing such an agreement.*

But there are problems within problems.The use of automobiles is con-
spicuous and relies on an underpriced resource: oil. Add habits into the
equation and a growing complementary infrastructure (gas stations, ex-
panded network of highways), and we have a spiralling exploitation of nat-
ural capital that adds little to human well-being across time. The analysis
points to the need for taxes and regulations on both conspicuous consump-
tion and underpriced natural capital. Creating a culture of shaming for
“anti-social” behaviour is not unknown in history. Today we are wary of
any such practice; but devised with care, it could prove to be a useful com-
plementary weapon for the problem of competitive consumption.

1.2. Social Consumption and Conformism

People also want to belong. In some spheres of our lives we adopt patterns
of conspicuous consumption that reflect a desire to conform, not compete.
Fads are brief occurrences of such patterns, but conformism can persist if it
serves the need for social belonging (Bourdieu, 1984; Deaux, 1996).

Here I am not confining myself to cases where people merely desire to
conform to their peer-group’s norm. It can be that people want to engage

* Arrow and Dasgupta (2009) provides a formal proof. Schor (1998) contains an ex-
cellent narrative of competitive consumption and its consequences for work in the
United States. The technically minded reader will recognise that competitive consump-
tion in a market economy is akin to the Prisoners’ Dilemma in game theory.

Sustainable Humanity, Sustainable Nature: Our Responsibility 67



PARTHA DASGUPTA

in communal activities and identify commodities that serve as focal points.
Commodities whose demand is in part an expression of the desire to relate
to others have been called “relational goods” (Donati, 2011). In many cul-
tures religious expenditures are built around them (lannaccone, 1998;Ys-
seldyk, Matheson, and Anisman, 2010). Club goods are other examples.
Food and clothing and reading habits would appear to be driven at least in
part by the human desire to belong (Sahlins, 1968; Bourdieu, 1984; Douglas
and Isherwood, 1996; Warde, 1997; Pratt and Rafaeli, 1997; Warde and
Martens, 2000). There are even cases where people join so as to show sol-
idarity with their group even if they have no particular preference for the
collective activities (joining protest marches, wearing conspicuous clothes).
Unsurprisingly, Sunstein and Ullmann-Margalit (2001) call commodities
that play an essential role there, “solidarity goods”. Hollinger (1996) ob-
serves that solidarity is what makes for a person’s social identity. As in the
case of competitive consumption, the under-pricing of natural capital (a
matter I come to below) would be expected to serve as a factor in deter-
mining which consumption practices prevail.

Conformism gives rise to an externality because each person’s choice of
the amount of; say, a relational good, aftects others’ choice of that good di-
rectly; and so on for all other people in the community. But conformist be-
haviour leads to a different social dynamic from competitive consumption.
It can be that a community coordinates at one of many alternative con-
sumption patterns. Some would be more intensive in their use of natural
capital than others (frequent air travel for leisure as against forming reading
groups). That carries with it the possibility that some potential outcomes are
unambiguously better than others.> However, unlike the case of competitive
consumption, taxes and regulations would not be needed to improve matters.
If people trust one another, a mere agreement would suffice. The problem
here is one of co-ordination. One way to achieve the desired consumption
behaviour would be to “nudge” one another so as to coordinate.

2. Environmental Resources

One underlying reason externalities are prevalent in humanity’s use of
the natural environment is the latter’s tendency not to remain still. The wind
blows, particulates diffuse, rivers flow, fish swim, birds and insects fly, and

5 For technically minded readers, the need to relate to others in market economies re-
sembles “coordination games” in game theory. It will be recalled that such games possess
multiple outcomes that can be unambiguously ranked in terms of their social desirability.
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even earth worms are known to move. That makes property rights to promi-
nent classes of natural capital difficult to define and enforce; which is an-
other way of saying that environmental externalities abound. By property
rights [ mean not only private rights, but communitarian and public rights
too. An absence of a tight set of property rights is the general reason why
natural capital is typically underpriced in market economies and 1s regarded
to be especially cheap in non-market economies. In extreme cases the mar-
ket price of a piece of natural capital is nil even when it has considerable
social worth. “Green” taxes would be a way to close the difference.

Two broad categories of environmental externalities may be distin-
guished: unidirectional and reciprocal. It is simplest to define them by con-
sidering illustrative examples.

2.1. Trade, Externalities, and Wealth Transfers

Externalities give us a reason to curb our enthusiasm for free trade. Imag-
ine that timber concessions have been awarded in an upstream forest of a
poor country by its government so as to raise export revenue.® As forests
stabilize both soil and water flow and are the habitat for birds and insects,
deforestation erodes soil, increases water run-off downstream, and reduces
pollination and pest-control in neighbouring farms. If the law recognizes
the rights of those who suffer damage from deforestation, the timber com-
pany would be required to compensate downstream farmers. But compen-
sation is unlikely when the cause of damage is many miles away and the
victims are scattered groups of farmers. Problems are compounded because
damages are not uniform across farms; their geography matters. Moreover,
downstream farmers may not even realize that the decline in their farms’
productivity is traceable to logging upstream. The timber company’s oper-
ating cost would in those circumstances be less than the social cost of de-
forestation (the latter, at least as a first approximation, would be the firm’s
logging costs and the damage suffered by all who are adversely affected).
So the export would contain an implicit subsidy (the “externality”), paid
tor by people downstream. And I haven’t included forest inhabitants, who
now live under even more straightened circumstances. The subsidy is hidden
from public scrutiny, but it amounts to a transfer of wealth from the ex-
porting to the importing country. Ironically, some of the poorest people in
the exporting country would be subsidizing the incomes of the average
importer in what could well be a rich country. That can’t be right.

®The example has been taken from Dasgupta (1990).
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2.2. Pollution vs. Conservation

Pollution and conservation have gone their separate ways in the eco-
nomics literature; but pollutants are the reverse side of natural capital. Acid
rains damage forests; industrial seepage and discharge reduce water quality
in streams and underground reservoirs; sulphur emissions corrode structures
and harm human health; and so on. The damage inflicted on each type of
asset (buildings, forests, fisheries, human health) should be interpreted as
depreciation. For the policy-maker the task is to estimate the depreciations.

By way of an example consider that damage to health caused by atmos-
pheric pollution involves (a) loss in human productivity, (b) experiencing pain
and discomfort, and (c) reduction in life expectancy. It is fortunate for humanity
that good health offers the three benefits more or less as joint-products. But
to the best of my knowledge, no one has estimated all three losses in studies
of environmental pollution. The point remains though that there is no reason
to distinguish resource management problems from pollution management
problems. Roughly speaking, “resources” are “goods”, while “pollutants” (the
degrader of resources) are “bads”. Pollution is the reverse of conservation.’”

The mirror-symmetry between conservation and pollution is well illus-
trated by the atmosphere, which is both vital for human activity and a sink
for pollutants. The atmosphere is a public good (if air quality is improved,
we all enjoy the benefits, and none can be excluded from enjoying the ben-
efits). It 1s also a common pool for pollution. That it is a public good means
the private benefit from improving air quality is less than the social benefit.
Without collective action there is underinvestment in air quality. On the
other hand, as the atmosphere is a common pool into which pollutants can
be deposited, the private cost of pollution is less than the social cost. Without
collective action, there is an excessive use of the pool as a sink for pollutants.
Either way, the atmosphere sufters from the “tragedy of the commons”.

3. Reproduction

There is a significant difference between fertility behaviour in rich and
emerging economies on the one hand and poor countries on the other.
They raise very different issues.

[t is conventional today to worry about countries where the fertility rate
has fallen below replacement rates. If the pattern continues for long, the
age profile will become an inverted pyramid. Who will produce incomes

7 For a more extensive illustration of this way of looking at natural capital, see Das-
gupta (1982).
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when the bulk of the population becomes old? The worry presumes the
working age to remain constant. That’s a luxury that will have to go.

The problem is different in poor countries. I want to identify reproduc-
tive externalities in those societies, and I have Africa especially in mind.

It 1s useful to remind ourselves that the 17th-18th Century fertility tran-
sition in Northwest Europe has been traced to a then growing practice of
establishing a new household on marriage. Couples had to have, by saving
or transfer, sufficient resources to establish and equip their new household.
The requirement led to late marriages (Hajnal, 1982) and meant that parents
bore the cost of rearing their children.The fertility rate in England dropped
to a low 4 in 1650-1700, which was a world where modern family-planning
techniques were unknown and women were mostly illiterate (Coale, 1969).
I stress that fact because in recent years demographic matters have been
shunted aside by development economists and converted into the subject
of female education. Below I show that other forces are at work in main-
taining high fertility rates in poor societies.

3.1. Cost-Sharing

The fertility rate in sub-Saharan Africa remains well over 5 today. Pop-
ulation in sub-Saharan Africa is expected to treble to over 2 billion by 2050.
Currently, the average annual income there is 1,200 international dollars.

There can be no question but that empowerment of women, a desirable
end in itself, lowers fertility, other things being equal. There can also be no
doubt that access to birth control facilities would help matters (Royal So-
ciety, 2012). But other things are not equal, and there are features of African
societies that encourage high fertility.

Fosterage 1s a commonplace there. In parts of West Africa up to half the
children have been found to be living with their kin at any given time.
Nephews and nieces have the same rights of accommodation and support
as do biological oftspring (Caldwell and Caldwell, 1990). Fosterage is not
adoption; it does not break ties between parents and children. The institu-
tion aftfords a form of mutual insurance protection in a region where formal
insurance markets are non-existent. It is a wonderful, life-saving institution.
But the institution does create a “problem of the commons”: the private
cost of rearing children becomes lower than the social cost.

Communal land tenure of the lineage social structure offers yet another
inducement for men to procreate. Conjugal bonds are frequently weak, so
fathers often do not bear the costs of rearing a child. Frequently, there is no
common budget for the man and woman. Descent in sub-Saharan Africa s,
for the most part, patrilineal and residence is patrilocal (an exception are the
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Akan people of Ghana). Patrilineality, weak conjugal bonds, communal land
tenure, and a strong kinship support system of children, taken together provide
a powerful set of externalities lowering household well-being (Illiffe, 1987).

3.2. Conformity

As with consumption, traditional practices persist because of the desire
to conform. One’s peer group (kinship, village community) matters. That
gives rise to a second category of externalities. Procreation in closely-knit
communities is not only a private matter but also a social signal, influenced
by both family experiences and the cultural milieu. Conformism means
that every household’s most desired family size increases with the average
family size in the community.

‘Whatever the basis of conformism, there would be practices encouraging
high fertility rates that no household would unilaterally desire to break.
Such practices could well have had a rationale in the past, when mortality
rates were high, rural population densities were low, the threat of extermi-
nation from outside attack was large, and mobility was restricted. But prac-
tices can survive even when their original purposes have disappeared. So
long as all others follow the practice and aim at large family sizes, no house-
hold on its own wishes to deviate from the practice; however, if all other
households were to reduce their fertility rates, each would desire to reduce
its fertility rate as well (Dasgupta, 1993). The process here is very similar to
the one involving conformism in consumption.

That said, society would not be expected to be stuck with high fertility
rates forever. As always, people differ in the extent of their absorption of
traditional practice. There would inevitably be those who, for one reason
or another experiment, take risks, and refrain from joining the crowd.They
are the tradition-breakers, and they often lead the way. Educated women
are among the first to make the move toward smaller families. A possibly
even stronger pathway is the influence that newspapers, radio, television,
and now the Internet play in transmitting information about other life-
styles. The media are a vehicle by which conformism increasingly becomes
based on the behaviour of a far wider population than the local community
(Bongaarts and Watkins, 1996; Jensen and Oster, 2009).

3.3. Degraded Commons and Labour Needs

The poorest countries are in great part biomass-based subsistence
economies. Much labour is needed even for simple tasks. Moreover, house-
holds in great numbers there do not have access to the sources of domestic
energy available to households in advanced industrial countries; nor do they
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have water on tap. In arid regions water supply is often not even close at hand,;
nor is fuel-wood near at hand when the forests recede. The relative prices of
alternative sources of energy and water faced by rural households in poor
countries are different from those faced by households elsewhere. In addition
to cultivating crops, caring for livestock, cooking food and producing simple
marketable products, household members have to spend as much as five hours
a day fetching water and collecting fodder and wood.These are complemen-
tary activities and must be undertaken on a daily basis if the household is to
survive. Labour productivity is low not only because manufactured and
human capital are scarce, but also because natural capital is scarce. From the
age of 6, children in poor rural households in the poorest countries mind
their siblings and domestic animals, fetch water, and collect fuel-wood, dung
(in the Indian sub-continent), and fodder. Mostly, they do not go to school.
Not only are educational facilities in the typical school woetully inadequate,
but parents also need their children’s labour. In semi-arid regions of the Indian
sub-continent and sub-Saharan Africa children between 10 and 15 years have
been routinely observed to work at least as many hours as adult males.

The need for many hands can lead to a destructive situation when parents
do not have to pay the full price of rearing their children but share such costs
with their community. In recent years, mores that once regulated the use of
natural capital have changed. In the past rural assets such as village ponds and
water holes, threshing grounds, grazing fields, and woodlands have been
owned communally. Communities protected their local commons from over-
exploitation by relying on social norms, by imposing fines for deviant behav-
iour, and by other means. But the very process of economic development
can erode traditional methods of control, the pathway to that being increased
urbanization and mobility. Social norms are also endangered by civil strife
and by the usurpation of resources by landowners or the State. Rules practiced
at the local level have also not infrequently been overturned by central fiat.
A number of States in the Sahel imposed rules which in effect destroyed com-
munitarian management practices in the forests. Villages ceased to have au-
thority to enforce sanctions on those who violated locally-instituted rules of
use. State authority turned the local commons into free-access resources.
Whatever the cause, as social norms degrade, parents pass some of the costs
of children on to the community by over-exploiting the commons. This is
another instance of a demographic problem of the commons.®

§ See Dasgupta (1993), Aggarwal, Netanyahu, and Romano (2001), and Filmer and
Pritchett (2002).
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4. Technology

Popular discourses on economic growth and development usually regard
nature to be a fixed, indestructible factor of production. In fact nature con-
sists of degradable resources. Agricultural land, forests, watersheds, fisheries,
fresh water sources, estuaries, the atmosphere — more generally, ecosystems
— are capital assets that are self-regenerative, but suffer from depletion or
deterioration when they are over-used or toxified.

Entrepreneurs economize on the use of expensive inputs of production.
Because natural capital is under-priced, research and development (R&D)
is directed toward innovations that are rapacious in their use of environmen-
tal goods and services. The cumulative adoption of resource intensive tech-
nologies and consumption practices over the past two centuries has locked
us into an infrastructure that will prove hard to dislodge. Taxes on the use of
critical but degraded forms of natural capital (the atmosphere as a sink for
carbon; biodiversity) will have to be augmented by subsidies for R&D in
“clean” technologies. Marginal policy changes will be inadequate for kicking
our production and consumption structure into a sustainable form.’

Discussion

Mainstream theories of growth and development ignore every one of the
teatures of contemporary life I have sketched in this paper." But we should
be sceptical of any theory of economic progress that places an overwhelming
burden on an experience not much more than 250 years old. Extrapolation
into the past is a sobering exercise: over the long haul of history (a 5000
years stretch, say, up to about 250 years ago), economic growth even in the
currently-rich regions was for most of the time not much above zero. Until
1500 CE most people lived under the proverbial 2 dollars a day and world
population remained well under 1 billion. Even though we live in an entirely
different world now, the study of possible feedback between poverty, popu-
lation growth, and the character and performance of both human institutions
and natural capital remains absent in contemporary discussions.

The four sources of externalities that I have sketched in this paper, taken
together, will prove to be an impediment to the realization of the idea of sus-
tainable development. If we are to pay more than lip service to the idea, hu-

? It may not be an exaggeration to suppose that, globally, nature’s services (including
the service the atmosphere and the oceans provide in storing carbon) are underpriced
to the tune of 3-4 trillion international dollars annually (Myers and Kent, 2000).

10 See for example, Helpman (2004) for an influential summary of the literature.
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manity will have to find ways to cut back on our demand for nature’s services.
At a bare minimum that will require the consumption habits of people in
the rich world to change substantially. Even a minimum concern for fairness
would imply that the burden of that change should be borne by the 1.3 bil-
lion people or so in the rich world. That could in principle influence the de-
sired consumption goals of the new middle classes in emerging economies.
And that brings us back, full circle, to a central problem facing modern
economies: How can we de-link aggregate consumption from employment?

We economists still know very little about the macroeconomic impli-
cations of economy-wide environmental policies. Applied economists
mostly study taxes on externalities on a case-by-case basis. But externalities
are present variously at local, regional, and global levels. Imagine that cor-
rective taxes and subsidies were to be put in place by a government to com-
bat externalities in a comprehensive manner. What would it mean nationally
for output and employment?

The optimistic view is that resources would find themselves re-directed
toward “green technologies”, which are assumed to either exist in blue-
prints or expected to come into existence rapidly once venture capitalists
and entrepreneurs put their minds to the task. It is then argued that the mix
of technologies and the composition of household consumptions would
come into line with changes in relative prices, but employment wouldn’t
be affected. This is the famous “win-win” view of environmental policy."

Macroeconomic models that include natural capital have mostly been
designed to peer into the deep future (Dasgupta and Heal, 1979; Jones,
2004).The models assume the short run to be devoid of structural disloca-
tions. Even the study of sectoral adjustments that could be expected to take
place if environmental taxes were imposed in a country avoids modelling
the structural problems of adjustment that would inevitably arise (Jorgenson
et al., 2013).

Problems are compounded when we imagine international efforts to
counter environmental externalities. Barrett (1994,2003) explained why in
the absence of international transfers we shouldn’t expect all countries to
agree on optimum carbon taxes. His arguments extend naturally to global
commons generally. But the theory of public economics urges countries to
collaborate on an environmental policy (including taxes and subsidies)

! Starting with the World Development Report of 1992, the World Bank in its various
publications has taken this line. Jorgenson et al. (2013) is a recent articulation of the view,
albeit restricted to the imposition of carbon taxes in the US.
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aimed at eliminating local, regional, and global externalities in a compre-
hensive package.To the best of my knowledge, no attempt has been made
to uncover the structural problems the resulting shift in relative prices would
create. We should expect there to be huge consequences to the distribution
of income and employment within and across countries. But we don’t know
what they are likely to be.

Because natural capital is a stock, humanity can deplete it (either in
quantity or in quality) for decades without feeling much global pain. And
because extraction rates can exceed rates of natural regeneration for decades,
the idea of “planetary boundaries” isn’t useful. Several planetary boundaries
have already been breached, but that hasn’t moved governments or their
citizens to act. There is abundant record of local disasters in recent decades
in Africa, South Asia, and Latin America. That they may be a mirror to
large-scale tipping points lying in wait is something most people don't like
to acknowledge.

The absence of discussion on the tug of war being played out by hu-
manity’s drive for conventional economic growth and nature’s frequent
complaint about it is a sign that we think ecologists are wrong. But owing
to the presence of widespread externalities, the world economic system
doesn’t have error-correcting mechanisms in place to avert large-scale so-
cietal meltdowns. Until we bring these matters on the agenda, policy analy-
sis will remain crippled and sustainable development will continue to be a
notion we admire but cannot put into operation.
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POPULATION ET NATURE: ANTAGONISME
OU CONCORDANCE? PEOPLE AND NATURE:
ANTAGONISM OR CONCORDANCE?

GERARD-FRANCOIS DUMONT

Résumé

De nombreuses théories présentent un antagonisme inévitable entre la
population et la nature. Qu’elles soient anciennes ou contemporaines, il est
possible d’en distinguer plusieurs usant de formulations diverses, mais
concordantes. Apres avoir pris connaissance de ces théories, qui seront ré-
sumées dans la premiere partie de ce texte, le scientifique doit se demander
si, au moins jusqu’a ce jour, elles ont été confirmées ou infirmées par les
faits. Selon que leur véracité sera établie ou non, il conviendra enfin d’en
déduire quelques enseignements.

Abstract

Many theories have an inevitable antagonism between people and nature.
Old or contemporary, it is possible to distinguish eight using various formu-
lations, but consistent. After taking cognizance of these theories that will be
summarized in the first part of this text, the scientist must ask whether, at
least so far, they have been confirmed or refuted by the facts. According to
their veracity is established or not, he finally agrees to deduce some lessons.

*kk

De nombreuses théories présentent un antagonisme inévitable entre la
population et la nature. Qu’elles soient anciennes ou contemporaines, il est
possible d’en distinguer au moins huit usant de formulations diverses, mais
concordantes. Apres avoir pris connaissance de ces théories qui seront ré-
sumées dans la premiere partie de ce texte, le scientifique doit se demander
s1, au moins jusqu’a ce jour, elles ont été confirmées ou infirmées par les
faits. Selon que leur véracité sera établie ou non, il conviendra enfin d’en
déduire quelques enseignements.

Les théories d’un antagonisme inévitable entre la population et la nature

Comme l'auteur qui demeure au centre de I'ensemble de ces théories
est Malthus, nous utiliserons le mot “malthusianisme” pour les désigner. Le
malthusianisme peut étre défini comme une attitude craintive devant le
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peuplement ou 'augmentation du nombre d’habitants sur un territoire
donné, attitude craintive conduisant a proner une restriction démogra-
phique. Toutefois, de nombreuses théories malthusiennes sont tres anté-
rieures a la premiere édition du livre de Malthus publié en 1798.

Les théories proto-malthusiennes

Pantagonisme inévitable entre la population et la nature apparait dans
des périodes ou I'on sait que 'humanité comptait moins de 250 millions
d’habitants, soit vingt-six fois moins que dans les années 2010. En eftet,
avant I’ére chrétienne, divers auteurs s’inquietent d’'une éventuelle croissance
démographique que la nature ne pourrait satisfaire.

Par exemple, Platon, qui craint une surpopulation dans la cité, plaide
pour la fixité démographique du peuplement et présente tout un ensemble
de mesures publiques pour “ajuster le nombre des foyers au chiffre de cinq
mille quarante”.! Pour Platon, il faut autoritairement restreindre les nais-
sances, si nécessaire, car “‘le nombre des foyers maintenant délimité par nous
doit toujours rester le méme, sans s’accroitre”. Aristote reprend les vues dé-
mographiques de Platon. Son souci de la loi et de 'ordre, principe essentiel,
a pour conséquence que le peuplement ne doit pas lui porter atteinte. Il
fixe I'age au mariage et demande, si besoin est, le recours a I'avortement:
“dans le cas d’accroissement excessif des naissances, une limite numérique
doit deés lors étre fixée a la procréation, et si des couples deviennent féconds
au dela de la limite 1égale, ’avortement sera pratiqué”.? Mais Aristote insiste
davantage que Platon sur les risques d’insuffisances en cas de croissance dé-
mographique. Dans ce cas, écrit-il, il “arrivera fatalement que les enfants en
surnombre ne posséderont rien du tout”.?

Puis, en Occident, presque vingt siecles plus tard, au deuxiéme millénaire,
des que la pensée politique retrouve de 'autonomie par rapport a la doctrine
religieuse, le souci de s’intéresser a la question démographique revient. Le
risque de surpopulation, difficile a étayer pendant les siecles de dépopulation
accompagnant la chute de 'Empire romain, réapparait. La crainte que la na-
ture ne puisse satisfaire les besoins des hommes est explicitée.

Par exemple, au XVI€ siecle, I'italien Giovanni Botero craint que,a un cer-
tain stade: “la puissance génératrice des hommes ’emporte sur la puissance
nutritive des cités”.* En Angleterre, Francis Bacon® se soucie de la possibilité

! Les Lois, I/

% La Politique, 11, 6.

* La Politique, 11, 6.

* Dans: Causes de la grandeur et de la magnificence des cités, paru en 1588.
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de nourrir la population a une époque, la fin du XVI¢ siecle, ou I’Angleterre
compte a peine plus de 4 millions d’habitants:* “En regle générale, il faut veil-
ler a ce que la population d’un royaume (surtout si elle n’est pas fauchée par
les guerres) n’excede pas la production du pays qui doit la maintenir”. Un
demi-siecle plus tard, toujours en Angleterre, Thomas Hobbes partage un
souci semblable en écrivant: “Quant a 'abondance de la maticre, elle est li-
mitée par la nature aux biens qui sortent de notre mere commune, a savoir la
terre et la mer”.” Le risque d’une impossibilité pour la nature de satisfaire une
population trop nombreuse n’est pas seulement évoqué en Europe. En Chine,
alors que la population de ce pays compte environ 200 millions d’habitants,
Hong-Liang-Ki écrit notamment en 1793:“La superficie des terres et le nom-
bre des maisons demeurent toujours insuftisants tandis que le nombre de fa-
milles et des individus se trouvent toujours en exces”.®

Quelques années plus tard, les qualités pédagogiques de Malthus donnent
a la théorie de I'antagonisme population-nature une considérable diffusion.
Son succes sera tel que la quasi-totalité des auteurs du XIX¢ siecle, qu’il
s’agisse de David Ricardo ou de Karl Marx, se prononceront sur cette théo-
rie, comme “hantés par la loi de Malthus”.’

La théorie de Malthus

Pour comprendre ce qui a conduit Malthus (1766-1834) a formuler sa
théorie, il faut en rappeler le contexte historique et intellectuel. En 1601, la
reine Elisabeth institue une loi des pauvres qui, par la suite, tombe en désué-
tude. Au XVIII® siecle, diverses mesures sont prises pour redonner une effi-
cacité a cette loi, dont une allocation aux pauvres, indexée sur le prix du pain.
La charité privée est remplacée par une obligation pour le riche et un droit
pour le pauvre. Laugmentation réguliere du cott de cette 1égislation, passant
d’un million de livres en 1770 a bientdt quarante en 1800, suscite des inter-
rogations. En particulier, des auteurs pensent que les allocations aux pauvres
développent la pauvreté et ne les encouragent pas a surmonter la misere.

S’inscrivant dans cette veine, Malthus publie en 1798, sans nom d’auteur,
un Essai sur le principe de population. Ses seize premieres pages en forment
I'exposé théorique. Malthus écrit: “Je pense pouvoir poser franchement

> Dans son Essai des séditions et des troubles, 1598.

® Bardet, Jean-Pierre, Dupaquier, Jacques, Histoire des populations de I’Europe, Paris,
Fayard, tome 1, 1997.

7 Léviathan, 1651.

8 Dans un traité intitulé Opinions, publié en 1793; cf. Population,n® 1, 1960, p. 89-94.

? Selon une formulation utilisée dans la Revue d’histoire moderne et contemporaine, 1954.
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deux postulats: premieérement, que la nourriture est nécessaire a Iexistence
de 'homme; deuxiémement, que la passion réciproque entre les sexes est
une nécessité et restera a peu pres ce qu'elle est a présent”. Compte tenu
de ce que Malthus appelle “ces lois permanentes de notre nature”, il en tire
son principe en écrivant: “Je dis que le pouvoir multiplicateur de la popu-
lation est infiniment plus grand que le pouvoir de la terre de produire la
subsistance de ’homme”."” “Si elle n’est pas freinée, la population s’accroit
en progression géométrique. Les subsistances ne s’accroissent qu’en pro-
gression arithmétique... Les effets de ces deux pouvoirs inégaux doivent
étre maintenus en équilibre par le moyen de cette loi de la nature qui fait
de la nourriture une nécessité vitale pour ’homme”.

LPhomme ne peut s’exclure d’une réalité naturelle. Il lui faut manger
pour vivre. Or, son instinct sexuel le conduit a augmenter les effectifs des
générations au deld du niveau des subsistances disponibles pour la nourri-
ture. Mais ’homme bénéficie sur les autres especes d’un avantage, car il peut
utiliser sa raison pour pallier les menaces de la loi de population, méme si
la raison ne peut annihiler la nécessité de respecter des limites. En particu-
lier, Malthus souligne le role de la nuptialité comme mécanisme régulateur.
Le retard des mariages, dans la mesure ou, selon lui, la fécondité opére es-
sentiellement dans le mariage, permet d’améliorer ’'adéquation entre la
nourriture et la population. Ainsi la loi de population suggere comme
conséquence d’adapter la nuptialité aux subsistances.

L’Essai a surtout pour objet de dénoncer les eftets pervers de la loi des
pauvres. La redistribution des revenus ne permet pas d’augmenter les res-
sources disponibles et contribue au contraire a diminuer les ressources re-
lativement au nombre des habitants. En effet, méme si elles peuvent
individuellement soulager I'intensité de certaines détresses, les lois des pau-
vres encouragent le mariage précoce, une descendance plus grande, et ag-
gravent donc globalement les déséquilibres entre la population et ce qu’oftre
la nature. Les riches doivent donc exclure ces mouvements “de compassion
et de bonté” qui prolongent la période de misere sans “prévenir I’action
quasi permanente de la misere”.

Dans la deuxieme édition de 1803, Malthus reformule ensuite le prin-
cipe sans hésiter a le clarifier par un énoncé quantitatif: “Prenant la popu-
lation du monde avec un eftectif quelconque, mille millions par exemple,
I'espéce humaine s’accroitrait comme la progression 1, 2, 4, 8, 16, 32, 64,

" Thomas Robert Malthus, Essai sur le principe de population, 1798. Avant-propos de
Jacques Dupaquier, Paris, réédition INED, 1980, p. 25.
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128,256, 512, etc., et les subsistances comme 1,2, 3, 4,5,6,7,8, 9, 10, etc.
En deux siecles un quart, le rapport des populations aux moyens de subsis-
tance serait de 512 a 10; en trois siecles, de 4 096 a 13; et en deux mille an-
nées, 1’écart serait pratiquement incalculable, bien que la production,
pendant ce temps, se ft accrue dans d’immenses proportions”.!!

Puisque la loi de population conduit a des impossibilités, c’est qu’il existe
des freins a 'augmentation de la population. Malthus distingue les freins actifs
et les freins préventifs. Les freins actifs sont “ceux qui se présentent comme
une suite inévitable des lois de la nature”, c’est-a-dire la mortalité résultant
de I'exces de population. Mais 1l existe également des freins actifs d’une nature
mixte car ce sont des freins actifs “que nous faisons naitre nous mémes. Ce
sont les guerres, les exces et plusieurs autres sortes de maux évitables”. Les
freins préventifs énoncés par Malthus sont “la contrainte morale” et “le vice”.
La contrainte morale, c’est “le fait de s’abstenir du mariage” et “la chasteté”.
Le vice, c’est le libertinage, c’est-a-dire les rapports sexuels dans la promiscuité,
les “passions contraires a la nature”, c’est-a-dire 'homosexualité, “la profana-
tion du lit nuptial”, c’est-a-dire adultere, et “tous les artifices employés pour
cacher les suites de liaisons criminelles ou irrégulieres”, ¢’est-a-dire la limita-
tion des naissances et les avortements provoqués.

Quel est I'intérét de cette distinction entre freins préventifs et freins ac-
tifs? C’est qu’ils “doivent étre en raison inverse 'un de 'autre”. Autrement
dit, leur combinaison doit aboutir en tout état de cause a former un obstacle
a 'accroissement de la population. Si la fécondité est faible, la mortalité peut
etre faible. Si la fécondité est élevée, la mortalité doit étre élevée. Le moyen
humain de lutter contre la croissance excessive de la population est la limi-
tation volontaire des naissances, mais pas par n’importe lequel artifice.

Apres Malthus, le malthusianisme se déploie selon des formulations variées
et demeure sous I'inspiration de la théorie précisée une premiere fois en 1798,
meéme 5’1l propose des types de freins préventifs que Malthus aurait récusés.

Le malthusianisme économique

Certes, on aurait pu penser que le malthusianisme de Malthus était un
trait essentiellement britannique de I'époque classique, et une sorte de ré-
flexe naturel de la part de personnes habitant I'espace borné de cette ile
qu’est la Grande-Bretagne.

Pourtant, dans la premiere moitié du XIX° siecle, précisément des 1819-
1820, I’économiste Jean-Baptiste Say (1767-1832) vulgarise en France la

" Malthus, Essai sur le principe de population, 1803. R éédition, Paris, Denoél-Gauthier,
1963, p. 20.
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théorie de Malthus. Il fait connaitre I'idée de Malthus selon laquelle le nombre
des hommes a tendance a étre supérieur a ce qui est souhaitable. En consé-
quence, la mortalité va étre tres élevée car la population va se proportionner
impérativement a la quantité des produits. Mais 'homme étant un animal in-
telligent, il doit étre capable d’éviter la brutalité de cet équilibre qui est nor-
malement réalisé par le mécanisme de la mortalité. Say pense qu’il faudrait
mieux gérer cette contrainte plutdt que laisser la surmortalité exercer son role
équilibrant. I propose donc de pratiquer une restriction volontaire des nais-
sances, a laquelle 1l convient de substituer des épargnes. Say I'exprime dans
un passage célebre: “Les institutions les plus favorables au bonheur de I’hu-
manité sont celles qui tendent a multiplier les capitaux. Il convient donc d’en-
courager les hommes a faire des épargnes plutot que des enfants”."

Say souligne aussi son malthusianisme lorsqu’il insiste sur la nécessité de
rendre possible I’émigration pour éviter la mort de certains par insuffisance
de nourriture: “Il n’est pas plus sage de retenir les hommes prisonniers dans
un pays que de vouloir les y faire naitre. Toutes les lois contre 1’émigration
sont iniques: chacun a le droit d’aller ou 1l se flatte de respirer plus a laise;
et c’est respirer plus a 'aise que de subsister plus facilement.Veut-on par la
conserver le nombre d’hommes que le pays peut nourrir, on le conservera
sans ce moyen.Veut-on en avoir plus que le pays ne peut en nourrir,on n’y
réussira point. Lorsqu’on empéche une population surabondante de sortir
par la porte des frontiéres, elle sort par la porte des tombeaux”.

Say considére donc I’épargne, investissement en capital physique, comme
le seul outil de 'essor économique, antagoniste a la procréation. Il ignore
que cette derniére pourrait aussi étre un investissement dans le capital hu-
main. Il demande donc de minorer la fécondité pour ne pas nuire au déve-
loppement économique par une insuftisance d’épargne. Aussi, selon Say,
I’homme avisé, celui qui privilégie I'épargne, devrait se substituer a ’homme
qui procrée en se laissant soumettre aux lois de la reproduction. Notons
que le pays de Say, la France, a exaucé son souhait notamment a la fin du
XIXe siecle et au début du XX¢ siecle, avec une fécondité tres faible,'® mais
une épargne élevée massivement placée dans des emprunts russes de 1822
a 1917, emprunts russes jamais remboursés. J.-B. Say, qui croit en effet au
revenu du capital, n’avait pas imaginé que celui-ci peut un jour s’évaporer
pour des raisons politiques, faisant disparaitre ipso facto le revenu qui en était

12 Cours complet, 1828, VI partie.
13 Cf. par exemple: Baux, Jean-Pierre,“1914: une France démographiquement affai-
blie”, Population & Avenir, mars-avril 2014, n® 717.
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attendu. Avec Say, la peur de conséquences dommageables de la procréation
sur I’économie justifie un malthusianisme économique.

Au fil des décennies du XIXe siecle et du début du XX¢ siecle, le mal-
thusianisme connait de nombreux thuriféraires. Puis sa diffusion reprend
une importance considérable a la fin des années 1960 et au début des années
1970 avec le malthusianisme des ressources.

Le malthusianisme des ressources

A cette période, le monde occidental est toujours dans les Trente glo-
rieuses, selon la formulation de Jean Fourastié, ces trente années de recons-
truction et de croissance ininterrompues postérieures a la Seconde Guerre
mondiale. Ce méme monde ne sait d’ailleurs pas que les Trente glorieuses
vont se terminer au milieu des années 1970, lorsque le choc pétrolier va
révéler la fragilité d’'une économie industrielle qui a fini par vivre plutot
dans la facilité. Comme la croissance vient de durer pendant une longue
période et qu’elle ne semble pas devoir s’arréter, des auteurs s’inquitent
car ils considerent que 'augmentation du nombre de consommateurs a des
limites physiques.

En 1968, Paul Ehrlich compare la croissance démographique mondiale a
la bombe atomique dans un livre intitulé The demographic bomb.™* Il annonce
pour bientdt des famines trés meurtriéres et demande d’agir dans une extréme
urgence pour éviter que la bombe démographique n’explose. Il propose en
conséquence une réduction drastique du nombre des hommes. En 1972, qua-
tre chercheurs du Massachusetts Institute of Technologie, Donella H. et Den-
nis L. Meadows, Jorgen Randers et William W. Behrens III, répondant a la
demande du Club de Rome, annoncent un risque d’apocalypse.”® Leur rap-
port, The limits to growth, 1972, s’inscrit dans le cadre des travaux sur “la situa-
tion difficile de l’humanité” (The predicament of mankind). Il s’agit, précise-t-on,
“d’entreprendre les études de tendance d’un certain nombre de facteurs qui
déreglent notre société planétaire”. Dans certains pays, comme la France, le
rapport est traduit sous le titre “Halte a la croissance?”' Mais le point d’in-
terrogation est généralement oublié dans les citations. Le rapport affirme cinq
tendances du monde moderne qui seraient les suivantes: I'industrialisation, la
croissance de la population, la sous-alimentation, la disparition des ressources
non-renouvelables et la détérioration de I'environnement. Il en conclut a la

4 Ballantine Press, New York.
'3 The limits to growth, MIT Press, New York.
16 Fayard, Paris, 1972.
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nécessité de limiter la croissance. Dans ce contexte, se crée aux Etats-Unis un
mouvement zegiste (“zeg” signifiant Zero Population Growth), partisan d’une
croissance démographique zéro.

Les deux livres cités ci-dessus, largement diffusés, prophétisent des ca-
tastrophes humaines et des désastres a un horizon proche, antérieur a la fin
du XX¢ siecle. Certes, le monde a connu nombre de vicissitudes dans le
dernier tiers du XX siecle, mais les craintes d’Ehrlich ne se sont pas concré-
tisées. Toutefois, la veine des calamités démographiques restant néanmoins
prometteuse, les déclarations, écrits et rapports qui en font état se sont mul-
tipliés, notamment de la part de certaines organisations qui ont besoin de
justifier des budgets toujours plus gourmands.

En 1990, ne pouvant pas retrouver un titre aussi percutant que celui de
1968, Paul Ehrlich, qui a survécu aux malheurs imminents qu’il avait an-
noncés, publie un nouveau livre en reprenant la formulation The population
explosion (Uexplosion démographique).”” La lecture d’un autre livre, celui
de Garrett Hardin,'" conduit a une conclusion unique: le diable a chaussé
les bottes de la démographie. Le tres populaire commandant Cousteau, si
remarquable avec ses films montrant la belle harmonie des bancs de poissons
dans Le Monde du Silence, s'inquicte de l'existence d’éventuels bancs
d’hommes qui ne pourraient conduire qu’a la catastrophe, qu’au “plus fan-
tastique génocide qu’on ait jamais connu’. Son veeu serait de ramener les
habitants de la terre “a 600 ou 700 millions”," ce qui reviendrait a en sup-
primer pres de 90%, seule mesure efficace, selon lui, pour les protéger contre
eux-mémes. En novembre 1991, le commandant Cousteau déclare au Cour-
rier de I’Unesco: “1l faut que la population mondiale se stabilise et, pour cela,
il faudrait éliminer 350 000 hommes par jour”.

Selon le malthusianisme des ressources, le probleme est principalement
quantitatif: la nature ne peut satisfaire les besoins d’'un nombre accru
d’hommes. Mais, parallelement, se déploie un “malthusianisme écologique”,®
qui s’inscrit plutot dans une logique qualitative. La croissance démographique,
due a la transition démographique ou a 'augmentation de la longévité, nuirait
a la nature et, donc, a 'écologie de la planeéte.

17 Ehrlich Paul et Ehrlich Anne H., The population explosion, Simon and Shuster, New
York, 1990.

'8 Hardin Garrett, Living within limits, Oxford University Press, 1933.

19 Le Nouvel Observateur, dossier n° 11, Paris, 1992.

20 Par cette dénomination, nous entendons un malthusianisme qui prend prétexte
de I’écologie pour se fonder, donc une interprétation niaise, a rebours de la véritable
écologie.
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Le malthusianisme écologique

Le mot écologie apparait en Allemagne 4 la fin du XIX¢ siécle. A 'ori-
gine, ’homme n’est pas dans son champ de recherche; ce n’est qu’a partir
des années 1970 que la société humaine est intégrée dans le mot écologie
et que la théorie écologique s’affirme. Cette derniére met “en avant la né-
cessaire protection de la nature impliquant 'exclusion de ’homme, de ses
activités et des aménagements dans des espaces qui devaient étre, selon les
tenants de ces théses, de plus en plus étendus. La population est alors consi-
dérée comme responsable de dégradations, de modifications voire de des-
tructions des “grands équilibres” de la planete”.?! Cette position de
Iexclusion de 'homme est présente, au moins implicitement, dans de
nombreux discours.

Pour protéger la nature des actions anthropiques, les applications consé-
cutives aux demandes formulées, des la fin du XIX¢ siecle, par des mouve-
ments écologistes, comme le Sierra Club aux Etats-Unis, pour la mise sous
cloche d’espaces d’ot les hommes sont exclus, se multiplient. Ces applications
se traduisent par la création de parcs nationaux ou de réserves qui supposent
I'élimination de toute présence humaine. Cela conduit a déplacer, parfois de
facon violente, des populations locales qui deviennent des “déguerpies”,
comme elles se nomment en Afrique. On les chasse de leur territoire ancestral
ou se trouvaient leurs subsistances, leurs reperes culturels et cultuels. Parfos,
il faut ajouter a I’élimination de la présence humaine le refus de I’entretien
du territoire. Cela conduit, par exemple dans la forét de Fontainebleau, au
sud de Paris, a des parcelles chaotiques ou les arbres ne peuvent se régénérer.
Le malthusianisme écologique peut donc déboucher a la fois sur des
contraintes pour des populations déplacées de force et sur des difficultés pour
parvenir a une protection eftective des espaces “naturels”. La protection de la
nature est alors davantage sur le papier que dans la réalité.

Lun des auteurs de 'idéologie écologique, James Loverlock, le pere de
I'hypothese Gaia,? selon laquelle I'ensemble des étres vivants sur Terre serait
ainsi comme un vaste superorganisme, s’est prononcé pour une réduction
de la population mondiale a 500 millions d’individus. Une idée conforme
a la pensée de Hans Jonas, qui faisait de ’homme un étre a la fois prolifique
et nuisible pour la nature.?

2'Veyret, Yvette, “Quelques questions autour du développement durable”, Les cafés
géographiques, 29 septembre 2007.

* Loverlock, James, La Terre est un étre vivant, I’hypothése Gaia, Paris, Flammarion,
coll. “Champs”, 1999.

% Jonas, Hans. Le principe de responsabilité, 1979, Paris, « Champs », Flammarion, 1998.
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En France, en 2009, un ancien ministre, Yves Cochet, demande la mise
a mal de la politique familiale, une inversion du montant des prestations fa-
miliales a partir du troisieme enfant au motif qu’un nouveau-né “aurait un
cout écologique comparable a 620 trajets Paris-New York”.?* Donc, plus
les humains sont nombreux, plus ils feraient subir de dommages a cette
bonne vieille Terre. Allant plus loin, il participe a un livre collectif* qui
vante le mode de vie de 'homme des cavernes d’il y a 10 000 ans, dont
I'espérance de vie était pourtant inférieure a 30 ans.

Le malthusianisme intégral

D’autres auteurs donnent un sens intégral a I'antagonisme entre la po-
pulation et la nature car ils pensent que tout homme participe des effets
néfastes de ’humanité sur I'environnement. Et, selon eux, aucun progres
scientifique ne peut compenser ses effets. La population est alors considérée
comme un mal absolu qu’il faut éradiquer. Ainsi, en 1991, apparait aux
Etats-Unis le mouvement Voluntary Human Extinction MovemenT
(VHEMT), “mouvement pour I’extinction de I'espece humaine”. La tete
pensante du mouvement, un enseignant qui vit dans I’Oregon, Les U.
Knight (pseudonyme), s’est engagé dans le lobby écologiste depuis son re-
tour duVietnam, au début des années 1970, en militant dans le mouvement
appelé Zero Population Growth. Depuis, il pense que la seule stabilisation dé-
mographique ne peut résoudre ce qu’il juge étre une crise imminente.
Lunique solution, décrete-t-il, est que “nous nous fassions totalement dis-
paraitre”. La newsletter trimestrielle du VHEMT, intitulée “These Exit
Times”, échange des idées sur des thémes comme la stérilisation de masse
ou la contraception obligatoire.

Lhumanité, selon ce mouvement, est une force de destruction a 'origine
de chacun des problemes écologiques: elle doit donc se faire biologiquement
hara-kiri puisque toute activité humaine, de I'agriculture a I'urbanisation, en
passant par 'usage d’un robinet ou d’un interrupteur, serait néfaste a la bio-
sphere. Par conséquent, seule I'extinction pourrait réduire a néant les dégats
causés par ’humanité. Le mouvement propose donc purement et simplement
que 'humanité cesse de se reproduire. Néanmoins, ses promoteurs ne vont
pas jusqu’a mettre en ceuvre leur propre suicide pour protéger la nature. I
ne se sentent pas concernés personnellement par leur objectif, puisque leur

2 Cf. Gilles Finchelstein, La dictature de 'urgence, Paris, Editions Fayard, 2011.
% Moins nombreux, plus heureux. L'urgence écologique de repenser la démographie, Paris,
Editions le Sang de la Terre, 2014.
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campagne pour la suppression progressive de toute I’humanité diftuse le slo-
gan: “Puissions-nous vivre longtemps et disparaitre”.

Les partisans du VHEMT abjurent donc la procréation et incitent leurs
amis et leurs proches a en faire autant afin de supprimer les générations fu-
tures. Tout développement actuel ne peut donc nuire aux générations fu-
tures puisqu’il n’y en aura pas. “Chaque fois qu’un étre humain décide de
ne pas ajouter un nouvel étre humain aux milliards grouillants qui occupent
déja cette planete dévastée, c’est une nouvelle lumieére d’espoir qui jaillit
des ténebres”, soutient le manifeste du VHEMT. “Quand chaque étre hu-
main aura choisi de cesser de procréer, la biosphere terrestre pourra enfin
retrouver sa splendeur passée, et toutes les créatures survivantes seront libres
de vivre, de mourir, d’évoluer, mais aussi, au bout du compte, de s’éteindre,
comme c’est déja arrivé tant de fois”.

Et ce mouvement n’est pas 'expression brutale d’un sentiment marginal.
Pour ne citer qu'un exemple, un ancien collaborateur du commandant
Cousteau, Yves Paccalet, a publié en France un livre au titre évocateur:
“L’humanité disparaitra, bon débarras !”.*° Et, dans un entretien pour un
hebdomadaire, il écrit: “La disparition (de ’homme), au fond, serait une
bonne nouvelle”” puisque ’homme cesserait de porter atteinte a la nature.

Le malthusianisme climatique

Plus récemment, le 18 novembre 2009, un nouveau malthusianisme, le
malthusianisme climatique, est né, a partir d’'un rapport du Fonds des Na-
tions unies pour la population (FNUAP-UNFPA) selon lequel la population
mondiale ne saurait dépasser “un chiftre écologiquement viable”. D’ou le
titre du journal Le Monde: “Limiter les naissances, un remede au péril cli-
matique?” Le quotidien ajoute: “Il faut d’urgence aider les femmes a faire
moins d’enfants pour lutter contre le péril climatique : c’est le message mar-
telé par le rapport 2009 du FNUAP, selon lequel la natalité galopante des
pays en développement est 'un des principaux moteurs du réchauffement
et 'un de ses premiers risques”.® Le Monde complete son article avec le
commentaire suivant: “A trois semaines du sommet de Copenhague, le
FINUAP tente ainsi d’imposer dans les débats une question démographique
aussi absente des rapports du Groupe intergouvernemental d’experts sur
I’évolution du climat (GIEC) que des négociations internationales”.

26 Paris, Arthaud, 2006.
*" Le Pélerin, juin 2007.
219 novembre 2009.
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Enfin, toujours au début du XXI siecle, une nouvelle déclinaison du
malthusianisme, le malthusianisme xénophobe, est apparu.

Le malthusianisme xénophobe

Certes, dans une certaine mesure, ce dernier avait déja été formulé par
Platon dans le cadre de son objectif de fixité démographique.Vingt-cing
siecles, plus tard, il réapparait au nom de la “nature”.

Au sein de la grande association américaine d’amis de la nature qu’est le
Sierra Club, une branche s’intitulant Sierrans for US Population Stabilization
(SUSPS — pour la stabilisation de la population des Etats-Unis) est créée.
Cette branche est notamment animée par Richard Lamm, ancien gouver-
neur démocrate du Colorado, et Paul Watson, qui fut un des fondateurs de
Greenpeace. SUSPS considere que 'arrét de I'immigration doit devenir la
revendication prioritaire du mouvement écologiste, car ’écosysteme amé-
ricain ne pourrait plus supporter d’immigrants supplémentaires.?” Dans son
livre a succes, Diamond impute les dégradations environnementales en Ca-
lifornie a 'immigration, précisément a “la croissance de la population cali-
fornienne” qui, écrit-il, “s’accélére, par suite presque enticrement de
I'immigration et de la grande taille moyenne des familles des immigrants
apres leur arrivée”.®

Selon un raisonnement identique, en octobre 2012, un groupe écologiste
suisse, Ecopop, tout en s’affichant “contre toute xénophobie et racisme”,
propose de limiter I'immigration afin de protéger la nature. Selon ce groupe,
“si les migrants atteignent le niveau de vie des Suisses, ce développement
n’est pas du tout durable”. Le malthusianisme xénophobe signifie qu’il faut
distinguer les riches pratiquant I'entre-soi des immigrants ayant envie
d’améliorer leurs conditions de vie, ces derniers étant dangereux pour la
nature. Autrement dit, il faut que les pauvres restent pauvres car il n’est pas
certain que leur enrichissement soit bénéfique pour la nature.

Ces multiples facettes du malthusianisme doivent étre confrontées aux
faits et a 'analyse géodémographique.

La vérification des théories
La premiere théorie a vérifier est, bien entendu, celle de Malthus.

* Cf. “Bitter division for Sierra Club on immigration”, The New York Times, 16 mars
2004.

Y Diamond, Jared, Effondrement. Comment les sociétés décident de leur disparition ou de
leur survie, Paris, Gallimard, 2006.
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Malthus confirmé ou infirmé par lhistoire des deux derniers siécles?

Prenons I'intervalle énoncé par Malthus entre chaque donnée de pro-
gression de 'espéce humaine et des subsistances, soit 25 ans. Malthus précise
aussi une durée d’étude, “deux siecles un quart”, ce qui correspond, sachant
que le livre de Malthus est publié en 1798, a la période 1800-2025. Le cceur
du raisonnement malthusien, une croissance de I'espece humaine plus forte
que celle des subsistances, est-il confirmé? En réalité, nous savons aujourd’hui
que, par suite de ce phénomeéne inédit appelé la transition démographique,

51200
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40.000 risque d'évolution de
""espéce humaine" selon
Malthus
30.000 évolution des
"subsistances" selon
Malthus
25600
===EVOLUTION
20.000 CONSTATEE DE LA
POPULATION
12800
10.000
4 0 50 8080
1800 1825 1850 1875 1900 1925 1950 1975 2000 2025
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Figure 1. Le principe de population de Malthus selon l'intervalle énoncé par Malthus et I’évolution
réelle de la population.
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la population mondiale est passée de 906 millions en 1800 a 6 127 en 2000,
la projection moyenne indiquant 8 095 millions en 2025. Le rapport entre
8 095 et 906 signifierait une multiplication de la population par 8,9, donc
inférieure a la progression arithmétique des subsistances, que Malthus indique
de 10. Donc ’hypothese de croissance des subsistances de Malthus a été su-
périeure a celle de la population, pourtant inédite par son intensité dans I’his-
toire de ’humanité, puisqu’aucune autre période historique de méme durée
n’a enregistré une telle progression du nombre d’habitants.

Toutefois, il convient d’étre indulgent avec Malthus. En effet, la progres-
sion géométrique de la population qu’il annonce avec des intervalles de 25
ans supposerait un taux de croissance annuel moyen de 2,8%, ce qui n’est
jamais arrivé en moyenne mondiale, puisque le maximum atteint a la fin
des années 1960 a été de 2,1%. Supposons donc comme intervalle une
durée de 75 ans. Cette derniere correspond pour la population a un taux
annuel moyen légerement inférieur a 1%, précisément de 0,924%, en rap-
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(© Gérard-Frangois Dumont - Chiffres Malthus, Essai, p. 29 et PRB.

Figure 2. Le principe de population de Malthus selon un intervalle triplé et ’évolution réelle de
la population
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pelant, pour mémoire, que le taux de 'année 2013 est estimé a 1,2%.>' Selon
le raisonnement de Malthus avec ’hypothése de 75 ans, trois périodes doi-
vent étre analysées: 1800-1875, 1875-1950 et 1950-2025.

Aucun probleme ne se pose pendant la premiere période (années 1800 a
1875) puisque I'espéce humaine et les subsistances augmentent dans les mémes
proportions, méme si, bien entendu, des inégalités peuvent exister. Dans cette
premiere période, la population a crti a un niveau inférieur aux craintes de Mal-
thus. Faut-il penser que c’est parce que les populations ont suivi les prescriptions
de limitation des naissances selon la contrainte morale pronée par Malthus? 11
est difficile de le penser puisque, dans cette période 1800-1875, la croissance
démographique a été beaucoup plus élevée qu’au XVIII® siecle en raison de la
hausse du taux de croissance dans les pays parcourant la premiere étape de la
transition démographique, c’est-a-dire principalement les pays européens et
d’Amérique du Nord. Dans cette premiere période, on peut penser que la po-
pulation s’est enrichie, en raison d’une progression supérieure des subsistances,
ce qui ressort d’ailleurs des excellents travaux de Angus Maddison.*

Pour la période 1875-1950, les subsistances deviennent insuffisantes. Elles
peuvent certes augmenter de 50%, mais 'espéce humaine s’accroit, selon
Malthus, de 100% et, faute d’alimentation suffisante, sa mortalité sera élevée.
Mais en réalité, dans cette deuxieme période 1875-1950, la population s’est
moins accrue que la hausse des subsistances escomptée par Malthus, donc
la croissance géométrique de la population ne s’est pas concrétisée. En outre,
le taux de mortalité a baissé.

Dans la troisieme période (1950-2025), en considérant I’hypothese
moyenne de la population mondiale projetée en 2025, il n’en n’est pas de
meéme. Cette population augmente a un rythme beaucoup plus rapide, pas-
sant de 2,5 milliards d’habitants en 1950 a 8,1 en 2025, surtout avec ’avancée
de pays du Sud dans la transition démographique. C’est une multiplication
par 3,2 de la population, supérieure au doublement craint par Malthus. Mais
ce n’est nullement une “explosion démographique”, selon I'expression trop
couramment usitée, notamment par Ehrlich. En effet, la croissance démo-
graphique n’a pas le caractere “soudain et spectaculaire” qui justifierait cette

! Sardon, Jean-Paul,“La population des continents et des pays”, Population & Avenir,
n° 715, novembre-décembre 2013, www.population-demographie.org/revue03.htm

32 Cf. Maddison, Angus, L'économie mondiale: statistiques historiques, Paris, OCDE, 2003;
né le 6 décembre 1926 a Newcastle upon Tyne et mort le 24 avril 2010 a Neuilly-sur-
Seine, Angus Maddison est un économiste et historien britannique, I'un des rares éco-
nomistes a avoir étudié I’évolution mondiale par pays et zone géographique sur le tres
long terme.
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image pyrotechnique mais s’explique par le processus de la transition démo-
graphique, déclenché par les progreés économiques et sanitaires que ’huma-
nité est parvenue a déployer depuis la fin du XVIII siecle (progres technique
en agriculture, révolution industrielle, découvertes médicales et pharmaceu-
tiques, développement de I’hygiéne...).** En réalité, 'expression “explosion
démographique” illustre une inculture démographique, malheureusement
largement partagée, due a une méconnaissance des mécanismes de la science
de la population, de la logique de la transition démographique ou des eftets
d’inertie propres a la démographie.

Si les subsistances s’étaient contentées de suivre une progression arith-
métique dans la période 1950-2025, la sous-alimentation aurait empéché
une telle augmentation. Cette derniere n’a été possible que parce que les
subsistances ont augmenté plus que le rythme prévu par Malthus. Donc,
I’humanité a su améliorer les méthodes culturales, la qualité des transports
et du stockage des denrées, surtout des grains qui constituaient une grande
source de pertes, dans des proportions considérablement plus élevées que
la croissance arithmétique de Malthus.

Contrairement a la crainte de Malthus, depuis 1798, la croissance de la
population s’est donc accompagnée d’une augmentation encore plus grande
du volume et de la variété de la production.’* Plus encore, 'augmentation
moyenne de I'espérance de vie et de la qualité de la vie est totalement
contraire a la théorie de Malthus.*

Ainsi, on songe a la phrase de Proudhon prononcée au XIX¢ siecle: “Il
n’y a qu’un seul homme de trop sur la terre, c’est M. Malthus”.*® Et, pour
le XX siecle, 1l faut se rapporter aux travaux d’Ester Boserup® (1910-1999)

* Dumont, Gérard-Francois, Les populations du monde, Paris, Editions Armand Colin,
deuxieme édition, 2004.

3 En outre, ’évolution dans certains pays dément un autre aspect de la théorie de
Malthus selon laquelle “la population s’accroit immanquablement 1 ou les moyens de
subsistance le permettent”. En effet, la terre connait de nombreux territoires, tout par-
ticulierement en Europe, dont la population diminue sous I'effet d’une fécondité affaiblie,
alors que les moyens de subsistance laissent des surplus tres importants pour I’exportation.
Cf. Dumont, Gérard-Francois, “Japon: les enjeux géopolitiques d’un “soleil démogra-
phique couchant”, Géostratégiques, n°® 26, 1°" trimestre 2010; “L’avenir démographique
de 'Europe”, Questions internationales, n°® 57, septembre 2012;“Démographie: des rapports
de force bouleversés”, Diplomatie, Les grands dossiers n° 18, décembre 2013-janvier 2014.

* Dumont, Gérard-Francois, “Population et développement: la tentation malthu-
sienne”, Agir, revie générale de stratégie, n° 35, septembre 2008.

36 Systéme des contradictions économiques ou Philosophie de la misére, 1846.

37 Cf. notamment Les conditions de la croissance agricole (1965), traduction francaise,
Paris, Flammarion, 1970.
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montrant comment le développement économique et agricole peut étre
engendré par la pression créatrice permise par la croissance démographique.

Epuisement des ressources versus progrés technique

Quant aux prévisions du malthusianisme des ressources, elles ne se sont
pas produites, ou du moins pas dans les délais annoncés, pour diverses rai-
sons,a commencer par une sous-estimation des réserves concernant les res-
sources utilisées. Par exemple, les réserves connues de pétrole assuraient en
1938 les besoins pour 15 ans; en 1950, les réserves assuraient 25 ans, malgré
un taux de consommation doublé; en 1972, on prévoyait 35 ans; en 2014,
apres les découvertes au Brésil ou le pétrole de schiste, les spécialistes indi-
quent une satisfaction des besoins pour une période encore plus longue,
alors que les taux de consommation sont plus élevés et tandis qu’il reste
nombre de recherches non encore eftectuées.®® Les experts constatent que
le monde n’a cessé de voir se reculer le “pic pétrolier”, c’est-a-dire le som-
met de la courbe qui caractérise la production pétroliere. Cela ne veut pas
dire qu’il ne sera pas atteint un jour, mais cela signifie que, depuis des dé-
cennies, la prévision de la datation du pic pétrolier a toujours été dépassée.

Ensuite, le malthusianisme des ressources omet I'innovation technolo-
gique, autrement dit le progres technique dans I'utilisation des ressources,
c’est-a-dire 'importance des possibilités d’économie de 'énergie. Un exem-
ple:a la fin du XIX¢ siecle, en s’appuyant sur les connaissances scientifiques
de I’époque, le savant William Crookes prophétisait la famine pour les an-
nées1930. Il affirmait notamment — et pour cela I'avenir lui a donné raison
— que les nitrates du Chili s’épuiseraient. Mais, par contre, il n’avait pas ima-
giné que, dans le méme temps, les hommes allaient trouver le moyen de
fixer I'azote de l'air et d’inventer la génétique agricole. Autre exemple: entre
1962 et 1972,1’énergie nécessaire pour fabriquer une méme quantité d’acier
a diminué de 74%.

Troisieme élément: les évolutions dans les modes de consommation ou
dans les comportements des personnes. Par exemple, le tri initial des déchets
ménagers permet d’augmenter le recyclage, tandis que divers procédés per-
mettent de fabriquer de I’énergie a partir de certains déchets. Enfin, la lutte
contre la pollution a remporté des succes, a 'exemple du développement

8 Certaines étant suspendues a des décisions politiques ou géopolitiques. Par exem-
ple, 'incapacité des cinq pays riverains de la mer Caspienne a s’entendre sur le partage
des ressources maritimes ou les différends géopolitiques dans le canal du Mozambique
freinent la recherche et 'exploitation pétrolieres de cette mer.
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du nombre et des technologies des stations d’épuration, qui explique par
exemple I'amélioration de la qualité des eaux. Pamélioration des techniques
urbaines® a démenti les craintes de John Graunt,* qui pensait que les villes
allaient disparaitre sous l'effet de la pollution. Il écrivait notamment a propos
de la capitale anglaise, vingt fois moins peuplée qu’aujourd’hui:“Je me suis
demandé si une ville, en devenant plus peuplée, ne devient pas, justement
a cause de cela, plus insalubre. J’incline a croire que Londres est aujourd hui
plus insalubre que jadis en partie parce qu’elle est plus peuplée, mais surtout
parce que, comme je I'ai entendu dire, on brulait a Londres, il y a 60 ans,
peu de charbon, et qu’aujourd’hui il est utilisé universellement”.

Enfin, le malthusianisme des ressources ignore les progres déja réalisés
et ultérieurement possibles sur les ressources renouvelables, comme le projet
Desert Power 2050,* selon lequel la transition vers un systéme électrique
basé a plus de 90% sur les énergies renouvelables n’est pas seulement tech-
niquement faisable mais également plus économique que si les trois régions
méditerranéennes continuent de fonctionner séparément. Comme ce projet
suppose d’intégrer les réseaux électriques de part et d’autre de la Méditer-
ranée, sa concrétisation dépend essentiellement de décisions politiques et
guere de contraintes technologiques.

L’humanité “durable” dans les derniers siécles

Les ordres de grandeurs sur lesquels se fonde le malthusianisme écolo-
gique pour dénoncer la croissance démographique sont incontestables. Par
exemple une multiplication par presque quatre de la population dans le
monde pour le seul XX¢ siecle, peut paraitre impressionnante. Mais cette
multiplication n’est nullement due a une hausse de la natalité, mais a la di-
minution de la mortalité. Ainsi, la fécondité moyenne dans le monde a baissé
considérablement, de plus de 5 enfants par femme au début des années 1950
a 2,5 dans les années 2010. En outre, la croissance démographique en cours
au XXI¢ siecle n’est nullement due a la hausse de la natalité, puisqu’elle
baisse, mais essentiellement a des effets de vitesse acquise, et a 'augmentation
escomptée de I'espérance de vie.

¥ Cf. Egalement Dumont, Gérard-Francois, “Ville, population et environnement”,
dans: Wackermann, Gabriel (Direction), Ville et environnement, Paris, Ellipses, 2005.

40 Observations Naturelles et Politiques, répertoriées dans I'index ci-aprés et faites sur les Bul-
letins de Mortalité, Londres, 1662, réédition Ined, Paris, 1977.

#“Agir maintenant pour I’énergie de demain” principaux résultats de I’étude stra-
tégique “Desert Power 2050: Perspectives pour un systeme électrique durable dans la
région EUMENA (Europe, Afrique du Nord et Moyen-Orient)”, juin 2012.
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En réalité, le monde des deux derniers siecles n’a pas connu une
“croissance”” démographique, mais plutdt un processus de “développement”
démographique. Le monde contemporain a enregistré un changement dé-
mographique non seulement quantitatif, mais structurel, totalement inédit.
En effet, la mutation du régime démographique intervenant pendant la
période de transition démographique, si elle est effectivement marquée par
un nombre accru des hommes, se caractérise surtout par une révolution* des
conditions démographiques de vie, avec I'effondrement des taux de mortalité
infantile, infanto-adolescente et maternelle et le quasi-triplement de I'espérance
de vie a la naissance dans nombre de pays. Il y a donc eu un incontestable
“développement démographique”, qui pourrait (devrait?) se poursuivre au
XXIe siecle dans les pays du Sud ou sa réalisation n’est pas terminée.
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Figure 3. Le mouvement naturel dans le monde.

2 Comme l'avait noté dés 1934 Adolphe Landry dans: La révolution démographique,
Sirey, Paris, 1934.
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La fécondité moyenne et le niveau moyen de
remplacement de la population dans le monde
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Figure 4. La fécondité moyenne et le niveau moyen de remplacement de la population dans le
monde.
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Figure 5. La baisse des taux de mortalité infantile selon les continents.
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Peut-on pour autant parler d’'une humanité “durable”? Autrement dit,
le développement démographique de la période de transition démogra-
phique, incontestablement profitable aux générations de cette période ne
nuit-il pas aux générations futures?

Il est difficile de faire des prévisions, surtout en ce qui concerne I’avenir,
selon la boutade de ’humoriste Pierre Dac. Mais il est possible de savoir si
la croissance inédite de la population dans le monde des deux derniers si¢-
cles a eu, a ce jour, des conséquences néfastes au regard des évolutions in-
tergénérationnelles. Nous savons en effet que le taux moyen de croissance
démographique dans le monde a augmenté au XIX¢ siecle, puis au XX¢
siecle, jusqu’a la fin des années 1960, et diminue depuis. En termes de dé-
veloppement durable,® la question qui se pose est de savoir si la croissance
démographique, en élévation constante durant les décennies précédant le
début de la décélération, a nui aux générations suivantes.

Létude de deux indicateurs pertinents, I'espérance de vie a la naissance
et le taux de mortalité infantile, permet de répondre a la question. Considé-
rons I’évolution du monde dans les années 1950 a 1970. Pendant cette pé-
riode, la planéte a connu une forte dynamique démographique, sous I'eftet
des choix politiques, économiques, sanitaires et sociaux des différents gou-
vernements comme des comportements des populations. La synthese de ces
choix a été profitable aux générations vivant dans cette période puisqu’elles
sont parvenues a réduire dans d’importantes proportions la mortalité infan-
tile, ce qui a été 'un des éléments ayant permis 'augmentation de 'espérance
de vie a la naissance. Ainsi, du début des années 1950 a la seconde moitié
des années 1960, I'espérance de vie des hommes a continué de progresser
de 45,9 a 55,1 ans, soit de pres de 10 ans. Concernant les femmes, la hausse
a été de 47,9 2 57,9 ans, soit également d’'une dizaine d’années.

Peut-on dire que I'ensemble des moyens et des comportements ayant
permis ces progres pour des générations vivant dans les années 1950 et
1960 ont nui aux générations futures? La réponse est négative. En effet,
non seulement les générations suivantes ont bénéficié des progres réalisés
en matiere de baisse de mortalité infantile ou d’augmentation de 'espérance
de vie, mais elles ont pu les améliorer. Cela signifie donc que le développe-
ment démographique s’est avéré durable. Les comportements, notamment
hygiéniques, et les méthodes utilisées pour répondre a un développement
qui satisfasse les besoins du moment n’a pas compromis “la capacité des gé-
nérations futures de répondre aux leurs”. Bien au contraire, les générations

# Wackermann, Gabriel (direction), Le développement durable, Paris, Editions Ellipses,
2008.
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suivantes ont bénéficié des acquis* (vaccinations, pratiques de suivi médical,
molécules pharmaceutiques, amélioration des réseaux sanitaires, alimentation
plus variée, diminution de la pénibilité moyenne des métiers grace au
progres technique...) apportés par les générations précédentes.

S’1l n’est pas contestable que le développement démographique des deux
derniers siecles a été “durable”, ses conséquences au XXI° siecle, avec une
nouvelle augmentation, certes ralentie, du peuplement de la planéte seront-
elles “durables”?

75

70 e

65
—*—Femmes / /
60
—*—Hommes [//.
: g
) s
45

40 /
35

30

25 L s e e s s e L e s e e L e e e e s ML s s
LOoOVOoOVNOoOVNOoOVNOoOVNOVNOWNOVNOWVNONONONOWVNOWVNOoOWVOoOVOVIOVOWVIOWVOWN
O—— AN FTUNNNOOT TS0 NNO O ——ANANN N STUUNNO\O IS T-0 0N NO O —i—
[eelelele eloole el bleleleleloole sle oloaleTole olelele ole oletelobole @ lo Yo (ol oo o)) [o{e o Nloolo oo oo el
i o it i e e e el i e R el O O RO R A RO RO O RO R RS R R R S R R S TS PN oY
NN N N N N N N N N N N N N N N
OUVOWNONO NOoOVNOoOVNONONOWNONONOWNOWNOWVNOoOWVNOoOVOVIOVIOWVIOWNO
CO—— AN TN OO TSRO NOO —— AN TNV TS0 NO O —
[Pelesleeleole clebleeleeloblecle olelsleloloble cle bl ol clobole clo oo Too)lo) o o) o)[o){o){eo oo Nle){o)lo oo o el lw)
o e b e et et et et et e e Y Y Y e e e et Yk Y e et e e e e 1k ] O O

Nombre d'années de vie escomptées a la naissance.

© Gérard-Frangois Dumont - Chiffres WPP 2012.

Figure 6. L’espérance de vie a la naissance dans le Monde

* Rappelons que nous raisonnons en moyenne mondiale. Le niveau des acquis,
comme d’ailleurs les résultats obtenus pour la mortalité infantile ou I'espérance de vie,
sont fort différents selon les pays et méme selon les échelons infranationaux.
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09 de croissance durant le demi-siécle considéré
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© Gérard-Frangois Dumont - Chiffres WPP.

Figure 7. La mise en évidence de la décélération conforme a la logique de la transition démogra-
phique

Les risques pour ’environnement non proportionnels a la population

Le malthusianisme écologique s’inquiete de la poursuite d’une croissance
démographique® au XXI¢ siecle, en se fondant sur le postulat suivant: tout
homme est un pollueur; toute augmentation du nombre d’habitants im-
plique davantage de pollution. Pour le passé, si tel était le cas, si ’homme
n’était qu’un pollueur et non également un étre capable de susciter des pro-

# Croissance moyenne qui résulte d’évolutions trés contrastées, Cf. Dumont, Gé-
rard-Francois, “La mondialisation s’applique-t-elle en démographie? Tendances et pers-
ectives pour le XXI¢ siecle”, Population & Avenir,n® 691, janvier-février 2009.
p p P J
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gres techniques conformes a une logique de développement durable, la
croissance de la population dans le monde depuis deux siecles aurait fini
par étre enrayée par une croissance homothétique de la pollution. Et cette
derniére aurait causé en moyenne une surmortalité liée a la détérioration
de I'environnement. L'espérance de vie n’aurait donc pu croitre autant et
aurait fini sans doute par reculer. De tels phénomenes ont pu et peuvent se
produire localement, sur quelques territoires ou un mauvais respect de I'en-
vironnement a pu ou peut aller jusqu’a déclencher des effets mortiferes ou
réduisant la longévité des hommes.* Mais ils ne se sont nullement généra-
lisables sur I’ensemble des territoires ayant connu incontestablement les plus
fortes croissances démographiques, les territoires urbains.”’ Cela tient a ce
que de nombreux progres techniques ont permis d’écarter des risques dus
a la concentration de populations sur des territoires de superficie réduite.
Un regard complémentaire consiste a observer que la croissance démo-
graphique a inévitablement pour eftet de densifier les territoires. Si la pol-
lution est proportionnelle a la densité, elle devrait étre incontestablement
plus élevée sur des territoires denses et moins élevée dans les territoires peu
denses. Pour examiner si ce raisonnement est juste, prenons I'indicateur des
émissions de dioxyde de carbone® par habitant selon les pays, publié par
I’Agence internationale de I'énergie. Cet indicateur prend en compte tout
le dioxyde de carbone produit soit par la combustion de solides, de liquides
ou de gaz, soit par la fabrication du ciment, exprimé en tonnes métriques
(la tonne métrique est équivalente a 1 000 kilogrammes). Mais les émissions
produites par la conversion d’utilisation de la terre ou a partir des carburants
de soute utilisés dans le transport international ne sont pas incluses.
Pétude des résultats d’émissions de dioxyde de carbone suppose d’écarter
deux débats. D’une part, on ne cherche pas ici a discuter des origines du
réchauffement climatique, et donc de liens de causalité,” exclusifs ou non,

4 A Pexemple de la surmortalité en Russie ou dans certains territoires chinois.

*7 Dumont, Gérard-Francois, “Ville, population et environnement”, dans: Wacker-
mann, Gabriel (direction), Ville et environnement, Paris, Ellipses, 2005.

* Rappelons que le CO5 est produit lors de tous les processus de combustion.

# Question toujours discutée en dépit des rapports du GIEC, comme latteste le texte
suivant:“La part humaine dans le réchauffement climatique n’est pas démontrée (nous vi-
vons dans un interglaciaire, et nous venons de quitter le Petit Age Glaciaire, qui s’est étendu
du XTIV siecle a la fin du XIXC). Il est néanmoins trés tentant d’attribuer les dommages
non plus a la nature purement, mais a une forme de responsabilité collective, quand bien
meéme les liens entre le climat et les processus physiques qui expliquent en partie les dom-
mages observés ne sont en aucun cas des liens simples de cause a eftet. Affirmer une série
de relations simples de causalité entre les GES (gaz a effet de serre), I'évolution des tem-
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entre les activités humaines et 'augmentation du CO,. D’autre part, on ne
s’interroge pas sur la qualité, le caracteére inévitablement partiel ou la fiabilité
de la précision des résultats aftichés.

Considérons les 33 pays de 'OCDE, donc des pays ayant, grosso modo, un
systéme économique de méme nature fondé sur ’économie de marché. On
pourrait penser que les pays les plus denses, donc ayant davantage de territoires
“artificialisés” et disposant de moins de territoires “naturels”, émettent da-
vantage de CO, par habitant sous 'effet d’'une population concentrée.

Les pays les plus denses de 'OCDE sont la Corée du Sud, avec 498 ha-
bitants/km?, les Pays-Bas, 397, la Belgique, 354, Israél, 353, et le Japon, 338.
Les pays les moins denses sont I’ Australie, le Canada et I'Islande, avec chacun
3 habitants/km?, puis la Norvege, 13, et la Finlande, 16. En terme d’émission
de CO, par habitant, le chiffre le plus élevé s’observe au Luxembourg, 10¢
pays par la densité (173), avec 20,1, puis en Australie (17,4), aux Etats-Unis,
(16,9 tonnes de CO, par habitants et une densité de 32 habitants/km?), au
Canada (15,37) et en Estonie (14,4 tonnes de CO, par habitant et une den-
sité de 30 habitants/km?). Les écarts sont considérables selon les pays. Par
exemple, au sein de 'Espace économique européen, la Suisse émet 5,07 et
le Luxembourg 20,1.

Les données indiquent clairement que, dans les pays de 'OCDE, les
émissions de dioxyde de carbone par habitant selon les Etats ne sont pas
proportionnelles a la densité de la population.

La recherche d’une corrélation entre la densité des pays et 'émission de
CO, par habitant débouche sur sa totale inexistence. En effet, le coefticient
de corrélation est de 0,02265, soit un chiffre extrémement bas, considéra-
blement inférieur au coefficient qui montrerait une telle corrélation qui
devrait étre de 0,9.

pératures supposées moyennes a la surface de la planéte, et I'évolution supposée des cy-
clones, par exemple, donc des dommages “subis” par 'Humanité, est purement scandaleux
sur le plan du raisonnement scientifique”. Pigeon, Patrick, “Contradictions et implicites
liés a la nature en géographie”, Les cafés géographiques, 19 janvier 2008.
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Pays Emissions CO, Densité Population Superficie

par habitant (habitants/km?) (millions) (milliers de km?)
1| Corée du Sud 11,81 498 49,8 100
2 | Pays-Bas 10,45 397 16,7 42
3| Belgique 9,89 354 11,0 31
4 | Israél 8,66 353 7,8 22
5| Japon 9,28 338 127,8 378
6 | Royaume-Uni 7,06 258 62,7 243
7 | Allemagne 9,14 229 81,8 357
8| Italie 6,47 202 60,7 301
9 | Suisse 5,07 192 7,9 41
10 | Luxembourg 20,10 173 0,5 3
11| Rép. Tcheque 10,73 133 10,5 79
12 | Danemark 7,48 130 5,6 43
13 | Pologne 7,79 123 38,5 313
14 | France 5,04 118 65,1 552
15 | Portugal 4,51 116 10,7 92
16 | Hongrie 4,75 107 10,0 93
17 | Slovénie 7,43 103 2,1 20
18 | Autriche 8,13 100 8,4 84
19 | Turquie 3,86 94 74,0 784
20| Espagne 5,86 91 46,1 506
21| Gréce 7,40 86 11,3 132
22 | Slovaquie 6,22 69 54 79
23 | Irlande 7,63 65 4,6 70
24 | Mexique 3,96 56 109,2 1958
25 | Etats-Unis 16,94 32 312,0 9629
26 | Estonie 14,40 30 1,3 45
27 | Chili 4,42 23 17,3 756
28 | Suede 4,75 21 9,5 450
29 | Nouvelle-Zélande 6,87 16 4,4 271
30 | Finlande 10,32 16 5,4 338
31 | Norveége 7,69 13 5,0 385
32 | Canada 15,37 3 34,5 9971
33| Islande 5,81 3 0,3 103

© Gérard-Frangois Dumont — chiffres 2011 IEA et PRB.

Tableau 1. Densité de population et émissions de CO, par habitant dans des pays de I’OCDE.
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Figure 8. L’absence de corrélation entre la densité de population et les émissions de CO, dans
des pays de 'OCDE.

Dans le reste du monde, les tonnes de CO, par habitant les plus élevées
se constatent au Qatar (38,17), a Trinidad et Tobago (30,29), au Koweit
(30,1), aux Antilles néerlandaises, au sultanat d’Oman, au Brunei, aux Bmi-
rats arabes unis et a Bahrein. Leurs émissions élevées ne sont nullement cor-
rélées a la densité de la population, puisque celle d’Oman est de 9
habitants/km? et celle de Bahrein de 1 891.
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Emissions CO, Densité Population Superficie
Rang Pays . . 2 o - 2
par habitant | (habitants/km”) | (millions) | (milliers de km®)
1 Qatar 38,17 170 1,9 11,0
2| Trinidad and Tobago 30,29 269 1,3 5,0
3 Koweit 30,07 157 2,8 18,0
4| Antilles Néerlandaises 22,48 239 0,2 1,0
5 Oman 22,31 9 2,8 310,0
6 Brunei 21,94 68 0,4 6,0
7|  Emirats arabes unis 21,02 94 7,9 84,0
8 Luxembourg 20,10 173 0,5 3,0
9 Australie 17,43 3 22,8 7 741,0
10 Bahrein 17,13 1891 1,3 0,7
11 Etats-Unis 16,94 32 312,0 9 629,0
12 Gibraltar 16,66 310 0,0 0,1
13 Arabie Saoudite 16,28 13 28,1 2 150,0

© Gérard-Frangois Dumont — chiffres 2011 IEA et PRB.

Tableau 2. Les pays du monde aux émissions de CO, par habitant les plus élevées.
(supérieures a 16) et leur densité de population.

Il résulte que, a niveau de développement globalement comparable, les
émissions de dioxyde de carbone par habitant ne dépendent ni de effectif
des populations, ni de la densité de population des pays. Elles dépendent
des capacités de bien ou de mal agir sur 'environnement.

Ainsi, les différentes théories malthusiennes se trouvent infirmées par
I'analyse scientifique. Quels enseignements en déduire?

Les enseignements de la confrontation des théories avec le réel

Avant de répondre a cette question, il faut souligner le contresens de
Malthus, pour qui une forte natalité entrainerait une forte mortalité, alors
que la transition démographique montre que c’est I’évolution du niveau de
la mortalité qui est largement explicative de celle de la natalité.

Le mirage de I'augmentation mortifére

De facon générale, 'augmentation de la population dans le monde n’est
évidemment possible qu’avec des taux de mortalité plus faibles que les taux
de natalité, pour dégager un taux d’accroissement positif. Or, les taux de
mortalité ne peuvent étre assez faibles que si les conditions sanitaires, sociales
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et économiques le permettent. La population ne peut donc croitre que si
son alimentation et ses conditions de vie le rendent possible. Si les méthodes
culturales et les structures économiques et sociales ne permettent pas de
garantir 'alimentation a une population plus nombreuse, les taux de mor-
talité seront tres élevés, et la population ne croitra pas.

Donc, considérant la projection moyenne de 'ONU,* adhérer a Iattir-
mation suivante: “La population mondiale dépassera 9 milliards en 20507,
c’est inévitablement admettre le syllogisme optimiste suivant:

“La population mondiale va augmenter de 50 % au cours de la premicre
moitié du XXI siecle.

Or, une telle augmentation de la population suppose des conditions éco-
nomiques et sanitaires satisfaisantes.

Donc, au XXI¢ siecle, les conditions économiques et sanitaires seront sa-
tisfaisantes”.

Une augmentation significative de la population et de la mortalité en
meéme temps est donc un mythe, car deux processus contraires ne peuvent
pas se déployer ensemble. Ou la population augmente parce que '’humanité
réussit a se nourrir, ou ’humanité ne parvient pas a se nourrir et la popu-
lation ne peut pas augmenter. Ainsi, la population de I’Angleterre a été mul-
tipliée par quatre au cours du XIXe siecle et I'alimentation a largement
suivi. Pendant ce méme XIX¢ siecle, la population de I'Inde’" était stagnante
parce qu’aucune transformation n’était intervenue. La population de I'Inde
n’a commencé a croitre, a compter des années 1920, que lorsque des trans-
formations techniques (création de canaux d’irrigation...), économiques et
sanitaires se sont produites.

Certes, le choix des informations diftusées dans les médias insiste plus sur
les populations souftrant de famine que sur celles dont les conditions de vie
s’améliorent. Les peuples heureux n’ont pas d’histoire, dit la sagesse des Na-
tions. On a tendance a penser que la croissance démographique serait res-
ponsable des terribles difficultés humaines constatées dans certains pays. Or,
en réalité, ni les famines ni les épidémies ne répondent a une malédiction que
subiraient certains pays en développement. La famine est surtout un symp-
tome aigu des crises politiques et économiques et parfois méme le résultat
de politiques délibérées de la part de groupes en lutte ou de gouvernements.

30 Dumont, Gérard-Frangois, “Prospective: un Monde de 9 milliards d’humains?”,
Population & Avenir, n® 699, septembre-octobre 2010.

3! Dumont, Gérard-Francois, Les populations du monde, Paris, Editions Armand Colin,
deuxiéme édition, 2004.
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Ainsi, ce n’est pas 'augmentation de Ieftectif d’'une population que I'on
peut corréler avec les principaux lieux de famine des derniéres décennies,
mais davantage les troubles politiques. Lhistoire contemporaine de nom-
breux pays (Cambodge, Somalie, Soudan, Mozambique, Liberia...) éclaire
malheureusement cette réalité. Plus généralement, la mauvaise gouvernance
est la raison majeure des difficultés du développement en dépit de poten-
tialités parfois considérables: Madagascar, la Birmanie, le Zimbabwe ou le
Congo RDC ne sont que des exemples parmi d’autres.

La situation démographique contemporaine que certains caractérisent
par un exces d’habitants n’est donc pas le résultat d’une fatalité qui se serait
abattue sur 'humanité. C’est, bien au contraire, la conséquence des progres
économiques, sanitaires et hygiéniques réalisés par cette humanité depuis
deux siecles. Elle n’est pas non plus responsable de la pauvreté que subissent
encore trop de peuples qui souffrent de mauvaises institutions, de politiques
liberticides ou de systemes de corruption. Certes, il existe incontestablement
des inégalités et de la pauvreté notamment en raison des effets improductifs
de certaines politiques ou d’injustices dans la répartition des richesses. Mais
les moyens de subsistance, fruits de la terre et du travail des hommes, sont
toujours, sauf cas particuliers localisés et de durée temporaire dus par exem-
ple a des catastrophes naturelles ou a des gouvernances inadaptées,* restés
suffisants pour le nombre des hommes.

Pas de “ressources” sans innovation

Les craintes de surpopulation de la planete énoncées dans le passé se sont
donc trouvées démenties. Mais cela ne signifie pas qu’elles n’aient aucune
pertinence pour 'avenir. Phumanité ne finira-t-elle pas par étre confrontée
a un plafond de ressources? Pour répondre a cette question, il faut préciser
la définition du mot ressources: “moyens matériels dont dispose ou peut dis-
poser une collectivité”.® Or, disposer, c’est “avoir I'usage”, un usage qui
peut se trouver fortement différent selon les capacités techniques. Par exem-
ple, la Terre fournit depuis toujours les différents éléments entrant dans la
composition du savon, mais ’homme n’a su les utiliser a des fins hygiéniques
qu’il y a 4 500 ans, dans les territoires de la civilisation sumérienne. Au

52 Comme la famine en Somalie de I'été 2011, ainsi précisée par Pierre Salignon:“le
principal facteur limitant les secours est... I'instabilité du pays”. La famine sévit de nou-
veau comme résultat “d’un long processus de dégradation, associant des agressions cli-
matiques répétées et les conflits qui ravagent le pays depuis le début des années 19907,
Le Monde, 27 juillet 2011, page 7.

3 Dictionnaire Robert 1,1995.
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moyen age, en Europe, le savon est encore tres peu répandu car c’est un
luxe couteux. Il faut attendre les progres techniques du XIX¢ siecle pour
voir le prix du savon s’effondrer et permettre la généralisation de son usage,
contribuant par exemple a la baisse de la mortalité maternelle et donc a
l'augmentation de I'espérance de vie. Autrement dit, les éléments entrant
dans la composition du savon ne sont devenus une ressource usitée pour
I'ensemble de ’humanité que par suite de différentes innovations.

Autre exemple: la silice, dont la forme la plus familiere est le sable, était
une substance banale encore aux deux tiers du XX siecle. Elle est devenue
une ressource essentielle depuis qu’elle est utilisée pour fabriquer des verres
spéciaux ou les fibres optiques et, surtout, que son principal composant, le
silicium (métalloide semi-conducteur), est employé en électronique. Elle a
notamment contribué a révolutionner les techniques de diagnostic médical
et les télécommunications. Troisieme exemple: les tres basses températures
existent depuis I'aube de ’humanité. Mais leur caractere de ressource uti-
lisable n’a pris de 'ampleur qu’avec les cryotechniques, ou techniques du
froid, lancées au XIX¢ siecle par Charles Tellier, permettant de conserver et,
dong, de stocker des denrées périssables, comme les fruits et la viande, puis
de les transporter, a des couts de plus en plus faibles.>

D’autres exemples pourraient étre mentionnés: le titane, élément abon-
dant, intervient depuis une cinquantaine d’années a peine dans les matériaux
composites, 'industrie aérospatiale, des prothéses chirurgicales. Le vent est
exploité depuis des siecles par les Hollandais pour faire des polders; mais
I'exploitation de I’énergie issue du vent, du soleil ou de la Terre (géother-
mie) vient a peine de commencer.

Un bien n’est donc une “ressource” pour ’homme qu’a partir du moment
ou ’homme sait le rendre profitable a de meilleures conditions de vie.

“Nature” mythifiée ou “nature” humanisée

En outre, les théories de 'antagonisme population-nature mythifient une
nature qui n’a jamais existé. Certes, ce qui est “naturel” se définit comme “ce
qui n’a pas été modifié par 'homme” ou ce qui est “propre au monde phy-
sique, a 'exception de ’homme et de ses ceuvres”. Or, contrairement aux
croyances souvent répandues ignorant la géographie, il n’y a guére d’envi-
ronnement “naturel”. Le grand géographe Jean Demangeot titre son livre Les
milieux “naturels” du globe,” les guillemets signifiant qu’il n’existe guere de mi-

3* Schooyans, Michel, Pour comprendre les évolutions démographiques, Paris, APRD, 2011.
% Paris, Masson, 1984, 1¢ édition suivie de nombreuses autres.
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lieu “naturel” ou ’homme ne soit pas intervenu. En France, le paysage de la
Bourgogne, avec ces beaux vignobles s’étalant sur de douces collines, qui nous
parait “naturel”, est le fait d'un considérable travail de défrichage et d’amé-
nagement, portant sur chaque cm?, réalisé au moyen age, sous 'impulsion des
moines cisterciens. Les marais breton et poitevin (respectivement au nord et
au sud du département de la Vendée), qui nous paraissent si “naturels” lors
d’une promenade bucolique en barque, résultent d’'un aménagement humain
de marais insalubres. De méme, I'actuelle forét de Fontainebleau, moitié moins
étendue en 1700 qu’aujourd’hui, résulte de I'action des hommes et notam-
ment de “deux grandes vagues de plantation: la premiere de 1720 a 1794,
avec garnissage de 5 000 hectares en feuillus et la seconde, de 1830 a 1847,
avec reboisement de 6 000 hectares en pins”.> “Sa diversité paysagere releve
de la combinaison des conditions du milieu et des multiples gestions appli-
quées depuis I'acquisition par le roi Robert, au début du Xle, de parcelles en
“forét de Briere”. Il en est de méme actuellement des arbres classés comme
“remarquables” et qui faisaient le bonheur des peintres de Barbizon. En 1853,
ces derniers obtinrent 1 000 hectares de réserves biologiques intégrales dans
lesquelles ’homme cesse d’intervenir afin de protéger les “vieilles futaies de
chénes de Colbert”. C’est le résultat inverse qui s’est produit, avec I’élimina-
tion progressive du chéne. En effet, la cessation de toute intervention humaine
engendre un accroissement du taux de recouvrement qui augmente I'om-
brage des sous-bois et fait péricliter les jeunes plants de chénes héliophiles.
En conséquence, les strates inférieures de la chénaie se sont trouvées envahies
par des jeunes plants de hétres sciaphiles, issus des semences des vieux hétres
restants, se substituant aux essences de chénes qu’on pensait préserver.

La forét la plus étendue d’Europe occidentale, celle des Landes en Aqui-
taine, a été enticrement créée par ’homme a partir du XVIlIe siecle.” Dans
les années 1980, les plans de chasse de la fameuse forét polonaise de Bialowieza
ont été retrouvés; ils prouvant I'action de 'homme. Située a I’Est de la Pologne
a la frontiere avec la Biélorussie, cette forét a une histoire remarquable toujours
liée a ’homme. Forét de frontiére entre le royaume de Pologne et le duché
de Lituanie au XVe siecle, elle est surtout un territoire de chasse pour les rois
de Pologne. Puis son exploitation devient intensive avec I’annexion russe en
1795, les incendies de 1811, et les dégats occasionnés par le passage des armées

3¢ Hotyat, Micheline, “La forét de Fontainebleau”, in: Demangeot, Jean, les milieux
“naturels” du globe, Paris, Armand Colin, 2000, 8¢ édition.

57 Le boisement des massifs dunaires, situés entre les étangs et la cote, est amorcé sous
la direction de Brémontier. Au XIXe siecle, une loi de 1857 organise I’assainissement et
le boisement en pins maritimes des landes insalubres de Gascogne sur 10 000 km?.
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napoléoniennes de 1812, puis avec approvisionnement en bois de navire
jusqu’au milieu du XXe siecle. Pexploitation se traduit par la mise en place
d’un grand parcellaire qui favorise la pratique de la chasse. En 1888, la forét
devient propriété des tsars et son exploitation est interrompue jusqu’a la Pre-
miere Guerre mondiale, pendant laquelle de nombreuses coupes sont réalisées
par les Allemands. Puis les Soviétiques la surexploitent pendant la Deuxieme
guerre mondiale. Seule la zone centrale est déclarée parc national en 1932,
puis reconnue en 1977 comme réserve de la biosphere; elle est aujourd’hui
inscrite sur la liste des sites du patrimoine mondial.® Toutes ces pratiques, en-
core perceptibles au travers des diverses trames qui sillonnent la forét, prouvent
qu’en dépit d’une reconquéte décidée par ’homme depuis plus d’un demi-
siecle, I'histoire est omniprésente.

En Allemagne, le plaisir que le voyageur éprouve lors d’une croisiere sur
le Rhin majestueux qui s’écoule dans I’ensemble schisteux rhénan tient aux
multiples aménagements des berges et des coteaux eftectués et entretenus
par 'homme au fil de I'histoire.

Hors d’Europe, I’état et la capacité productrice des deltas de la Cauvery
(ou Kaveri) et de Krishna-Godavery sur la cote orientale de I'Inde, dans le
golfe du Bengale, tiennent a un travail permanent des hommes. Leur esprit
d’entreprise est manifeste, chaque cyclone périodique provoquant des des-
tructions matérielles étant ’occasion d’améliorer les conditions et les choix
de production. Toujours en Asie, le charme de ces multiples terrasses qui
ponctuent les pentes tient a leur agencement par ’homme. Un des sites les
plus visités de la Chine, la Grande muraille, tient non seulement a sa qualité
architecturale, mais au fait qu’elle magnifie la forme des montagnes qu’elle
parcourt. En Amérique latine, la beauté du delta du Parana, aux portes de
Buenos Aires, tient a un agencement et a un entretien constant des hommes.

Ainsi, les milieux “naturels” ne se pérennisent que grace a une action
volontariste de ’homme pour les préserver: aménagements de protection
des deltas, de littoraux pour empécher leur érosion, d’acces a des presqu’iles,
reforestation de pentes pour contrecarrer I’érosion ou des avalanches, amé-
nagements pour prévenir des inondations qui dévasteraient des milieux “na-
turels”, etc. Les écosystemes ne sont pas le fruit d’'une nature spontanée,
mais des actions de 'homme. Méme les réserves biologiques ne peuvent
étre analysées sans tenir compte de I'action de ’homme antérieurement a
la mise en réserve, ou des décisions de '’homme appliquées depuis.

*kk

Il n’y a guere de nature a I’écart des actions des hommes, ce qui signifie
que la terre est tres largement le résultat de 'interaction population-nature.
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Il n’y a donc pas a priori d’antagonisme population-nature car ces deux
termes sont totalement imbriqués. Les conditions de vie des humains dé-
pendent de la maniere dont la population aménage et entretien les milieux
dans lesquels elle vit. Lorsque des populations agissent mal, par exemple en
polluant les milieux, ceux-ci prennent leur revanche en détériorant leurs
conditions de vie ou en aggravant les conséquences des catastrophes natu-
relles. Par exemple, les avalanches sont plus dangereuses la ou les terres mon-
tagneuses sont délaissées par 'homme. C’est le probleme des prairies
d’altitude, dG aux plantes herbacées, qui, n’étant plus broutées, se dévelop-
pent sur plus de 70 cm de hauteur; seches a la fin d’été, elles deviennent
fortement glissantes. Lorsque les premieres neiges tombent sur cette surface
lisse, elles ont tendance a glisser; alors qu’une prairie d’altitude broutée res-
semble a une brosse dure qui retient la neige. Cet exemple signifie que plu-
tot que de protection de I'environnement, il faudrait parler de gestion et
d’entretien, ce qui suppose un peuplement pour effectuer ces taches.
Lorsque la densité de population est trop faible pour y satisfaire, I'entretien
de I’environnement est souvent insuffisant.”® En revanche, des efforts éco-
logiques significatifs ont souvent été conduits dans les espaces les plus
denses, comme les territoires urbains, ce qui explique que les nombreuses
craintes sur le caractére mortifere des villes, comme celles de John Graunt,*
ses ont trouvés écartés, notamment grace a I'urbanisme des réseaux.’' Autre
exemple, la Suisse s’est lancée précocement® dans le ferroutage moins pol-
luant que les camions, en dépit des moqueries européennes d’alors.
Lorsque la densité se desserre, des risques de moindre entretien de I'envi-
ronnement naissent. Ainsi, aux Pays-Bas, pays dont la densité moyenne de po-
pulation est la plus élevée d’Europe,” le recul relatif du monde rural laisse
apparaitre de tristes polders en friches dont la vue désespérerait les milliers
de néerlandais qui ont consacré leur vie, depuis plusieurs siecles, a aménager

58 Arnould, Paul, Hotyat, Micheline, Simon, Laurent, Les foréts d’ Europe, Paris, Nathan,
1997.

3% Faus-Pujol, Maria Carmen, “Vieillissement de la population et dégradation de
I'environnement”, Population & Avenir, n® 652, mars-avril 2001.

0 Graunt, John, Observations naturelles et politiques répertoriées dans Uindex ci-aprés et
faites sur les bulletins de mortalité, Londres, 1662, réédition Ined, Paris, 1977.

" Dupuy, Gabriel, L'urbanisme des réseaux, Armand Colin, Paris, 1992.

2 Rappelons en particulier la votation le 20 janvier 1994 de “T'initiative des Alpes” or-
ganisant le transfert du trafic routier de transit sur le rail. Le ministre francais de I'équipement,
du transport et du tourisme regrettait alors que “la Suisse s’isole en se mettant a I'écart des
grands courants économiques’ et critiquait “cette solution simpliste et inadaptée”!

% Hormis certains micro-Etats.
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ces terres. De facon générale, des polders mal entretenus ou surveillés ne peu-
vent qu’augmenter les effets nocifs d’éventuels risques naturels.

En fait, ’homme subit les contraintes ¢lémentaires, parfois brutales, de
la nature (exces de froid, exces de sécheresse, inondations, tremblements de
terre, typhons...). Durant une longue période de I'histoire de '’homme, il a
surtout subi ces difficultés et tenté de s’y adapter, avec pour seul objectif de
survivre, et donc d’assurer la pérennité de I'espece. Dans d’autres cas, la pres-
sion démographique a fécondé, face a une nature souvent peu favorable a
priori, des civilisations alliant intelligence créatrice et travail: citons comme
exemple 'aménagement du delta du Nil sous le regne des pharaons, la réa-
lisation de rizieres dans le delta du Mékong, I'aménagement de territoires
pour prévenir les conséquences des risques naturels (barrages, systémes
d’écoulement des eaux, de surveillance des feux de forét), ou pour les rendre
tertiles, 'invention de procédés associant la qualité des productions et I’'en-
tretien de la nature (agriculture biologique)...

Lorsque les populations agissent de facon respectueuse en termes de
développement durable, elles établissent une concordance population-na-
ture. Condamner le genre humain au nom de la nature, comme l'avait fait
Jean-Jacques Rousseau, est donc aberrant. Voltaire lui avait d’ailleurs ré-
pondu dans une lettre du 30 aout 1755:“Jai recu, Monsieur, votre nouveau
livre contre le genre humain. Il prend envie de marcher a quatre pattes
quand on lit votre ouvrage. Cependant, comme il y a plus de soixante ans
que j’en ai perdu I’habitude, je sens malheureusement qu’il m’est impossible
de la reprendre. Et je laisse cette allure naturelle a ceux qui en sont plus
dignes que vous et moi”.
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Foop DEMAND, NATURAL
RESOURCES, AND NATURE

JOACHIM VON BRAUN?

Abstract

Solutions to the dilemma of satisfying the food demands of the current
7 billion people, including the hunger and unfulfilled food needs of about
2 billion poor people, while at the same time overcoming the loss of nature
and adverse impacts on the environment, requires new actions. Transfor-
mative changes supported by science on the supply and demand side of the
food equation, are needed. The selective emphasis in this paper is on the
demand side. Excessive food consumption contributes to the destruction
of nature and over-exploitation of natural resources, especially waters, soils
and atmosphere. Three complementary approaches are proposed here to
address this dilemma: (1) incentives for consumption change, controls, and
regulations, (2) information, labeling, and nudging approaches to stimulate
consumers’ behavioral change, and (3) “biologizing” the economy, building
economies around bio-based product- and process-innovations and reduc-
ing the dependency on fossil fuels. An appropriate code of ethics suggests
that in a world of high and growing income inequality, more sharing is
called for, and difterent sustainability standards should apply to rich and
poor people: the rich must accept harder sustainability standards than the
poor, be it through voluntary adjustments or regulations. A framework is
presented that defines these broad directions more specifically.

1. Introduction: on food demand, nature, and the environment

The global population will be approaching 9 billion people in the next
generation (UN 2007).This casts a long shadow over nature and environ-
ment, especially because the associated increases in food demands would
further strain nature and natural resources (Godfray et al. 2010, Wheeler
and von Braun 2013, IPCC 2007). Food demands difter widely by income,
region, and culture. Preferences vary around the world: poor consumers de-
mand more calories and long for more diverse diets. Middle class and rich

! Professor for Economic and Technological Change, and Director of Center for De-
velopment Research (ZEF), University of Bonn, Germany [jvonbraun@uni-bonn.de].
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consumers demand “consumer friendly” (prepared) yet “wholesome” and
“natural” foods.

The food system and the eco-systems are connected through forward and
backward linkages along the food chains, fraught with various externalities.
Backward linkages to the use of natural resources for food production are
critical; externalities of processing and transportation play a significant role;
disposal of wastes and by-products are important forward linkages and their
related material flows shape adverse externalities with concentrations in peri-
urban areas. Moreover, environmental impacts of human food demand are
only part of the larger human impacts on “nature” as a whole.

“Nature” and “Environment” are not synonymous (at least in English,
German, and Hindi). Nature (Natur, Prakarati) is understood as “the phe-
nomena of the physical world collectively, including plants, animals, the
landscape, and other features and products of the earth, as opposed to humans
or human creations”, whereas Environment (Umwelt,Vatavaran) is “the nat-
ural world, as a whole or in a particular geographical area, especially as af-
fected by human activity” (Oxford Dictionary 2014;? italics added). Nature
is intrinsic, whereas environment provides (public) goods. People’s relation-
ships with nature are shaped, in addition to resource use, by other interac-
tions, including sensory, identity-related aspects and knowledge acquisition
(Berghoefer et al. 2010). While laws of nature have considerable stability
(i.e. genetics), changes in the shapes of nature have always occurred in the
history of Earth, but until relatively recently happened independently of
humans. Only since about two centuries human actions have become sig-
nificant forces of influence on the shapes of the entire planetary nature,
identified by Paul Crutzen (2002) as the age of “Anthropocene”.

Food demand impacts on nature, but there is also demand for nature. In
fact, geographically there are many natures. In the more crowded and
wealthy world, even an end of natures may occur, while environmental
changes also create new natures. In this changing context and with rising
incomes, the “natural” is in high demand, and that is especially so when it
comes to food. The environmental change induced by humans’ food de-
mand may be more or less sustainable, depending on modes of production
technology, land and soil use, water use, biodiversity protection and con-
servation. While an environmentally sustainable food system may be more
in harmony with nature, it still replaces “nature” as it used to be.

2 http://www.oxforddictionaries.com/definition/english/environment (accessed on

5.4.2014).
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While there is a competition between human food demand and nature, a
general debate over “food first” versus “nature first” is not helpful without con-
sidering specifics of local circumstances and distributional effects, i.e. poverty.
At national and international levels, there is neither an ethical nor an ecological
foundation to put a nature protection before poor people’s survival. At a local
level, e.g. in the context of preserving parks and nature reserves, people — nature
conflicts are real, and need to be resolved through inclusion of local commu-
nities and their fair compensation for sustainable livelithoods.

2. Food Demand: Status, Trends, and Outlooks

This section takes a brieflook at the food demand?® and highlights related
environmental consequences. Assessing the food demand from an environ-
mental perspective brings its supply side consequences more into focus. All
relevant policies need to take note of the main drivers on the demand, sup-
ply and market sides (Figure 1).

Food demand is linked with environmental impacts in two interrelated
ways: first, through the type of food products demanded, such as staples,
proteins, animal products, i.e. the link here is via production levels and pat-
terns, and, second, through food consumption preferences, which partly as-
sociate with storability, processing, waste, etc. (Foster et al. 2007).

Demand-side = Supply-side

Income growth Investment in agric. technology
Population growth Investment in agric. infrastructure
High and variable energy prices Land and water availability

Biofuel subsidies and mandates Costs of inputs and transport

Income inequality Weather variability and climate change

Changing consumer preferences
Trade and markets
Exchange rates
Stock depletion
Trade controls and protectionism

Speculation and expectations

Figure 1. Food demand drivers in the context of the food equation. Source: Devised by author,
adapted from von Braun (2012).

> Demand, consumption and needs are different concepts. When reviewing food de-
mand, i.e. the market purchases or otherwise acquired (say, by home production or by
transfers) foods, we ought to distinguish this from food consumption (final personal use),
and from food needs (dietary needs, which may be less or more of a diverse set of nutri-
ents, not just desired or demanded, but needed according to requirements).
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Demand

We need to keep in mind that the world is confronted with a diverse
set of consumption and nutrition problems, especially of the poor (table 1).
There is no one-size fits all to address this set of diverse issues ranging from
hunger to obesity.

Undoubtedly, human consumption is large in proportion to biological ma-
terial growth and profoundly affects the Earth’s ecosystems. An aggregate meas-
ure of humanity’s cumulative impact is the consumed share of the planet’s net
primary production (NPP). NPP is the net amount of solar energy converted
to plant organic matter through photosynthesis (measured in units of elemental
carbon). It represents the primary source for the world’s ecosystems. Human
appropriation of NPP is estimated at about 32 percent, with large regional
variances (Africa 12 percent, Europe 72 percent; sources in Imhoff et al. 2004).
This large share claimed by humans leaves less for other species, alters the com-
position of the atmosphere, reduces levels of biodiversity and constrains ecosys-
tem services. NPP is implicitly traded in the form of food, feed, fibers, wood,
and other bio-based materials, such as bioenergy. Increasing populations have
increasing demands for NPP. Already in many regions of the world, high pop-
ulation densities are leading to significant losses of NPP and land degradation
(Nkonya ef al. 2011). Quite often, these areas with NPP losses are also those
with higher levels of poverty, making the goal of providing for the food and
nutrition needs of the poor more challenging (Nkonya ef al. 2011).

Problems

Numbers of people

Consequences

Hunger (Under-Nutrition, calories)

ca. 0.8 Billion (crude
estimate)

acute deficiency,
political conflicts

Hidden Hunger (deficiencies in

ca. 2 Billion (crude

diseases, reduced

diseases

micronutrients, vitamins, iron etc.) estimate) productivity
Children’s under-nutrition (the first . stunt'mg, reduF?d
ca. 165 Mill. physical, cognitive
1000 days) development.
3.1 Mio. death p.a.
Obesity and resulting chronic - high costs of public
ca. 1 Billion

health

Table 1. Nutrition Problems at Global Scale.
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Trends

In the current decade, demand for most high-value and processed food
items such as butter, milk, poultry, oilseeds, sugar are projected to grow be-
tween 20 and 25 percent (between 2010 and 2021); cereals are projected
to grow between 15 and 20 percent. Growth will continue until mid-cen-
tury. Not only diet quantities, but also quality is changing (Beatty et al. 2014,
Unnevehr ef al. 2010). Income, health and environmental impacts of con-
sumption are particularly protracted in relation to livestock products (Ste-
infeld et al. 2006).

Expanding livestock production in developing countries is an important
way to help poor people increase their incomes and improve their food se-
curity and nutrition. Micronutrient status among low-income people is
strongly dependent on the consumption of animal products. However, ex-
cessive consumption of animal products and fats is also a part of growing
obesity problems. As incomes rise, people tend to consume more meat and
other animal products. To illustrate, North Americans and Europeans con-
sume more than 83 kilograms of meat per person yearly, compared with
58 kilograms in Latin America, 28 kilograms in East Asia, and 11 kilograms
in Africa. In the future all growth in demand for meat is expected to come
from the developing countries. The projections by Msangi and R osegrant
(2011) suggest an increase to 77 kilograms in Latin America, 52 kilograms
in Asia, and 24 kilograms in Africa by 2050.

Demand trends are affecting natural resources partly in opposite ways:
first, some elements of world food demand are moving towards more effi-
cient production in terms of land and water use, i.e. higher yielding grains
(rice, maize) and more efficiently produced animal products; for example,
poultry instead of beef: poultry production has expanded by a factor of 4
in the past five decades, while the more resource demanding global cattle
herd has been stagnating recently. These shifts are caused by changes in rel-
ative prices. Secondly, however, diversification of world food demand away
from grains and other staples towards higher-value products such as veg-
etables, fruits, meat, dairy, and fish, make the consumer baskets more re-
source-intensive, because these products require more land and water (feed
for animals, irrigation, etc.; Khourya et al. 2014).The resource-saving struc-
tural demand transformation is by far out-weighed by this diversification
and its pressures on the resources. Rising consumer incomes and population
growth are among the long-run drivers that have led to the increase in food
prices. Biofuel demand came on top of this and is estimated to have trig-
gered a 30 percent increase of weighted average international grain prices
from 2000 to 2007 (Rosegrant 2008).
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Waste and Losses

There is significant waste and losses affecting the availability of food.
Consumers are part of the problem and need to be part of the solution.
Waste mainly occurs in rich countries at the consumer and retail ends of
the value chain; losses occur mainly in low income and emerging
economies at the beginning of the value chain, i.e. in farmers’ fields, in han-
dling, and storage. The factors encouraging food waste range from subsidies
that promote inefticient food production to ill-designed regulations of food
labeling, to discarding of valuable foods by wealthy consumers. Both, food
waste and food losses are not trivial quantities (Kummu et al. 2012). The
global volume of food losses and wastage is estimated by FAO (2013) to be
1.6 giga tonnes of “primary product equivalents”, while the total wastage
for the edible parts of food is 1.3 giga tonnes (total agricultural production
for food and non-food uses is about 6 giga tonnes). The carbon footprint
of food produced and not eaten is estimated to be about 3.3 giga tonnes of
COy equivalent, making food losses and waste a top emitter after USA and
China (FAO 2013). Among the components of waste and losses, the top-
most are wastage of cereals (in Asia), meat (even though volumes are com-
paratively low, but generating a substantial impact on the environment), and
vegetables and fruit (a source of water loss in Asia, Latin America, and Eu-
rope; FAO 2013). It must be pointed out however, that calculation of wastes
and losses in terms of tons is neither a sound ecological nor a useful eco-
nomic concept, because very difterent resource losses and costs are hidden
behind the various lost products. More comprehensive economic-ecological
concepts of loss analyses are needed to design incentives and regulations for
prevention of losses.

Supply

The responses to demand on the supply side are central for environ-
mental consequences as already pointed out above. Today, technological
change contributes about 70 percent to the overall world agricultural pro-
ductivity growth (Fuglie 2010). Growth in output is no longer driven by
increasing use of land, water and other inputs. The share of technological
change in the output growth was less than 30 percent at the time of the
Green Revolution in Asia in the 1960s and 1970s, which had shown that
rapid increases in agricultural production are possible when technology is
combined with much higher resource use and inputs (water, fertilizers).
Nowadays, a more science- and innovation-based approach to sustainable
agricultural productivity is called for. However, investments in agricultural
science are currently not at a sufficiently high level to guarantee the increase
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in agricultural productivity needed under the emerging scenario of lower
resource availabilities. Global land use for agriculture has been more or less
constant for about two decades. At the same time land degradation is pro-
gressing (Nkonya ef al. 2011). Much of the environmental consequences of
demand are through land use change. To halt global biodiversity loss, we
need to halt cropland expansion, argues UNEP (2014). New forms of agri-
cultural land use that facilitate biodiversity conservation should also be con-
sidered. According to UNEP scenarios, the demand driven expansion of
global cropland area would overshoot the “safe operating space” for land
use (UNEP 2014).

There are feedbacks between production, environment, and future con-
sumption opportunities. A critical one in the long run may be the narrow-
ing of diversity in crop species — partly driven by demand, partly by
technology choices (Tilman et al. 2011). Over the past 50 years national
tood supplies worldwide became more similar in composition, correlated
particularly with an increased supply of a number of globally important ce-
real and oil crops, and a decline of other cereal, oil, and starchy root species.
Between 1961 and 2009, country-to-country variation of commodity com-
position (i.e., homogenization) decreased by about 69% (Tilman et al. 2011).
As these trends into homogeneity may establish increased risks for food se-
curity in the future, e.g. by reducing resilience of crops and diminishing re-
sources for plant breeding, they need to be addressed by in situ and ex-situ
conservation of plant genetic resources and more open sharing of genetic
resources across borders.

Prices

Addressing the dilemma of competition between food demand and na-
ture simply by making food more expensive is not a solution, because of
the critical livelihood role of food for nutrition and health of the poor. Land
and water scarcity and constraints of other environmental resources can be
expected to make production more expensive in the future and may lead
to a food equation at higher price levels. Scenario outlooks suggest a 40 to
over a 100 percent price increases for main staple food commodities by mid
century (Msangi, Rosegrant ef al. 2012). Low-income consumers are sen-
sitive to high and variable food prices since a large proportion of their in-
come is spent on food. Poor people’s responsiveness is also linked to
liquidity and credit constraints as well as limited resilience to cope with
shocks. Consumption response to food prices tends to be robust and pre-
dictable, with marked diftferences between rich and poor people. Estimates
of consumer price responses to price changes in 114 countries show that
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food demand in low-income countries is twice as responsive compared to
middle- and high-income countries with price elasticity of about -0.6 for
the former and about -0.3 for the latter (Seale, Regmi, and Bernstein 2003).
As the poor spend up to 70 percent of their income on basic food com-
modities, increasing food prices can reduce real incomes dramatically, at
least for net buyers of food items. Most of the poor are net buyers. The
challenge of feeding the world’s growing population has greatly increased.
Since the time of notoriously high food prices in the 1870s, world popu-
lation has increased more than five times (von Braun 2011).

Food shortages are manifested through increased volatility of prices (von
Braun et al. 2014).Volatility of food prices has adverse eftects on the preva-
lence of child nutrition. The food price spikes in 2007-08 and 2011 were
partly caused by rising consumer demand due to population and income
growth, coupled with factors such as high and variable energy prices, rise
in use of grain for biofuels, slow agricultural supply response, and malfunc-
tioning financial system and commodities markets (Tadesse ef al. 2014).
These causes can be broadly separated into slow onset forces, such as pop-
ulation growth, consumption change, and resource scarcity, on the one
hand, and fast onset forces, such as acute production shocks or trade dis-
ruptions, on the other hand. The predictable slow onset forces reach tipping
points, when they interact with fast onset forces, and translate into unpre-
dictable market effects and food security crises. Policymakers are torn be-
tween high food prices which encourage agricultural production, and low
food prices which benefit poor buyers of food. However, when food prices
change implicit re-valuations of nature happens, because the food price
change 1s passed on as an increased demand for land, water and other inputs,
leading to losses in nature and putting more pressure on the environment.

In sum, the food demand challenges for environmental resources and na-
ture need to be assessed in a context of supply-side and demand-side forces.
The simultaneity of these forces, long-term lag structures, and the price effects
of any supply and demand side actions for the poor are of considerable im-
portance when attempting to internalize the externalities of food demand
for the natural resources and for nature (von Braun, Gatzweiler 2014).

3. Frameworks for Actions and their opportunities and constraints
Reconciling consumption of food and nutritional needs with sustainable
resource use and nature is not just a matter of making individual products
and processes sustainable. A broader framework is needed and would inte-
grate final demand for food (and other goods) with the related derived de-
mand for environmental resources, and would embrace implications for
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nature, i.e. integration between socio-economic and bio-physical framing.
A whole set of different disciplines such as psychology, neuroscience, eco-
nomics, politics, sociology, and anthropology need to be part of conceptu-
alizing consumption, empirically test theoretical predictions, and use these
to inform policy-makers across the private, and public sectors on how to
make consumption more sustainable (Ulph and Southerton 2014). Drawing
on diverse disciplines, three complementary approaches are proposed here
to facilitate reconciliation of food demand with sustainable resources use
and nature: (1) incentives for consumption change, controls, and regulations,
(2) information, labeling, and nudging approaches to stimulate consumers’
behavioral change, and (3) “biologizing” the economy, building economies
around bio-based product and process innovations and reducing depend-
ency on fossil fuels.

1) Incentives and regulations. The example of animal product demand

The impacts of high and increasing consumption of animal products on
environmental resources use (land, water, and atmosphere), and on loss of na-
ture (biodiversity, forests, landscape) are widespread. A call for cutting excessive
meat consumption is justified, but its translation into action is difficult. Foley
et al. (2011) compare basic food production (calories available if all crops were
consumed by humans) and delivered food production (calories available based
on today’s allocation of crops to food, animal feed, and other products) and
estimate the potential to increase food supplies by shifting 16 major crops to
100% human food. This, they state, could add over a billion tons to global
food production (a 28% increase). They point out that such wholesale con-
versions of the human diet are not realistic goals, but that even incremental
steps could be beneficial. Such calculations of potential savings of food
through consumption change are useful to identify orders of magnitude, but
more realistic estimates of the potential role of consumption change for sus-
tainability must consider human behavior and market forces.

More comprehensive model-based analyses of the scope of consumption
change for sustainable resource use demonstrate that any implementation of
related policies must consider indirect effects through markets. Global substi-
tution among some consumers who might cut their consumption versus oth-
ers who might not is high, because of equilibrium price eftects. For instance
reduced meat consumption by rich segments of global society (i.e. in a sce-
nario where in high-income countries, and Brazil and China meat consump-
tion is cut to 50 percent below baseline levels by 2030) would reduce world
meat prices by about 33 to 59 percent (depending on type of meat) but boost
meat consumption in low income developing countries (e.g. in Africa and
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some Asian countries) by about 50 percent (Rosegrant and Msangi 2011).
Due to the overall cut in global meat consumption the pressure on environ-
mental resources and nature would be reduced, but the reduction is only a
small fraction of the reduced meat consumption in the high-income coun-
tries, together with China and Brazil.

While expectations of lower meat consumption might have a less than
expected impact on the environment in the short term, this does not mean
that steps in the direction of a more environmentally sustainable consump-
tion should not be aggressively pursued. Ultimately, they are essential. There
is, however, also evidence about the limitations of financial reward strategies
to change nutrition behavior (Spahn et al. 2010).

2) Informing and nudging consumers. The example of footprints and labeling

Information and the capacity to process and respond to it are central for
forming consumption behavior. Food-related behavior is formed early in life
and adjusts slowly. Still, recent changes in consumer behavior are due in part
to better health and diet information dissemination through educational pro-
grams, nutrition food labels, and the media. The knowledge about externalities
of one’s own consumption is rapidly expanding, too, at least among the
wealthy and I'T-connected populations. While consumers may also choose to
be imperfectly informed if the price of the information is high relative to the
perceived marginal benefit, the “excuse” of not having known about negative
externalities of one’s consumption patterns is diminishing.

Environmental footprint (EFP) analyses are mainly biophysical concepts.
EEP analyses have evolved by product and by resource, such as CO, emissions
or fresh water use of a certain product (Chenoweth et al. 2013; Tukker and
Jansen 2006). Assessments are done over whole product life cycles. Such life
cycle analyses (LCA) trace the physical flows of produce and by-products
from used resources to production and consumption, including waste and re-
use opportunities and post-consumption, relating consumption to the re-
source use and externalities. LCA is a useful approach for identifying gross
environmental problems in a value chain and can help recognize points of
entry for analyses of externalities. From a socio-economic perspective, LCA
is not a satisfactory valuation and choices are not connected to any economic
concept, consumer behavior remains in the dark, and distributional effects
are not traced. Relevant information for consumers is difficult to distil from
LCA, given the hugely diverse and fast changing consumer baskets and oft-
home food consumption components. Electronic self-monitoring of food
consumption (with apps, etc.) is rapidly evolving, but so far mainly focused
on personal health attributes, not environmental impacts. However, that can
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change, and might actually assist in overcoming the so far mostly ineffective
labeling attempts of environmental effects of consumption.

Alternatively to bottom up calculations of footprints, the top-down ap-
proach uses multi-country input-output tables to trace, for instance, water
footprints across products, sectors and economies through product trans-
formations and trade and thereby virtual water trade. It uses data on sectoral
water use (within countries), inter-sectoral monetary transactions and trade
between countries or regions (Munksgaard et al. 2005). These analyses are
of huge interest for environmental policies. Multi-country interlinked
input-output models can approximate a nation’s direct and indirect water
footprint. Lenzen et al. (2012) added a critical dimension to this type of
economy-wide footprint analyses in the case of water by distinguishing the
source of water from scarce and abundant water environments, and found
that USA, Japan, Germany, France, UK, and Italy are the top five importers
of water from water-scarce countries through their processing industries
and final consumption.

When aiming for sustainable consumption, not only private consump-
tion should be considered, but also government consumption through pub-
lic procurement. National and local government procurement is a very large
public expenditure item in rich economies. Rarely are environmental im-
plications of the level and structure of this demand taken into account. It
might actually send a strong signal to private consumption if government
procurement would consider environmental effects explicitly in procure-
ment policies and if that were to enter the political discourse.

3) Biologizing the economy: the Bioeconomy Framework

Single product and single resource environmental footprint analyses are
neither sufficient, nor can they be embedded into a theoretically founded
socio-economic framework of peoples’ wellbeing such as developed by Das-
gupta (2001). Moreover, all actors — consumers, retailers, producers, processors,
and regulators — need to be captured in integrated frameworks that trace and
optimize the nexus between demand and natural resource uses. Ideally, one
would like to have a comprehensive environmental footprint assessment of all
consumer items, composed of all relevant environmental public goods (atmos-
phere, water, soils, biodiversity) and powertully communicate this information
to consumers with the intent to facilitate adjustment to more sustainable con-
sumption, be it through self-restraint or “nudging”, or incentives, or regula-
tions. There are actually tendencies to move to such frameworks. In recent
years numerous countries — mostly high income countries and some emerging
economies — have designed and adopted bioeconomy strategies.* Bioeconomy
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understood as “biologisation” of the economy is a societal and economic strat-
egy for sustainable consumption and production. It should not be misunder-
stood as “economizing nature” but to re-integrate nature into the economy. It
is defined as the knowledge-based production and use of biological resources
to provide products, processes and services in all economic sectors within the
frame of a sustainable economic system (Bioeconomy Council 2013). Bioe-
conomy is driven by changed factor price structures and related price expec-
tations, technological innovations, and changed consumer preferences.’
Bioeconomy draws not only on biomass as a basic resource, but includes in-
novation in biomass production; refinement in industrial biotechnology in the
chemical industries is a critical part of bioeconomy, as is the utilization of car-
bon etc. generated from CO, or other sources as innovative raw materials.
Bioeconomy entails an interlinked set of value chains forming the bioeconomy
value web. This cuts across agriculture, food, forestry, fisheries, large parts of
chemical and pharmaceutical industries, fiber and textiles, bio-based construc-
tion materials, and energy sector components. It also entails comprehensive
re-carbonization of the biosphere (Lal ef al. 2012).

Analytical frameworks of bioeconomy draw on systems approaches, in
which drivers of the bioeconomy would be related to change in system
components. Competition among goals and complementarities of instru-
ments should be explicitly modeled. The usual limitations of systems mod-
eling apply, for instance, difficulties of systems boundary definition, and
dynamics of innovation and technological change. Bioeconomy must ulti-
mately be understood in a context of larger changes of societal, technolog-
ical, and economic transformations toward sustainable development
strategies. The essence of such transformational strategies are not only tech-
nological (new science) and behavioral (adjusted consumption), but the cen-
tral issue may very well be institutional, i.e. providing the frameworks and
long-run incentives for industry and consumers to transition to sustainable
economic systems, of which bioeconomy is a significant component.

Ethical-economic framing of consumption

Exploring food demand in the context of the above food equation and
positioning demand in a bioeconomy context is helpful to identify synergies

* Australia, Brazil, Denmark, Germany, EU Commission, Finland, Ireland, Canada,
Malaysia, Netherlands, Russia, Sweden, South Africa, UK, USA.

3 New Perspectives on the Knowledge-Based Bio-Economy, Conference Report, European
Commission, Brussels 2005.
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and externalities and to identify strategic directions. But in order to guide
food demand toward the these desired directions, i.e. a) sharing the means
to access food more with the food deficient poor, b) do no harm and respect
for nature and c) environmental sustainability, some criteria are needed. This
brings us to ethical considerations related to economics of food consump-
tion and production (von Braun and Mengistu 2007). A framework for an
equity-oriented attempt to reconcile valuation of choices of actions be-
tween food consumption, nature conservation, and use of natural resources
shall be discussed. Other important ethical considerations, for instance con-
sumption related to lack of animal welfare shall only be mentioned here.
Many societies have ethical foundations and principles related to food
consumption, but they have hardly been transmitted into the study of food
consumption economics. The lack of ethical perspective in food consump-
tion results partly from the neglect of ethics in mainstream economic theory.*
The medical field has some similar ethical issues, comparable to those in the
food and nutrition system, due to information asymmetries between sup-
pliers and consumers (physicians and patients). But, unlike the food sector,
the medical field has enjoyed a dynamic tradition of ethical dialogue since
the days of Hippocrates. The long tradition of ethical discourse has enabled
the creation of institutional mechanisms to mitigate the associated external-
ities of change and technological advancement (Stiglitz 2000, Arrow 1963).
Evaluating whether a deed, such as a certain consumption behavior, is
ethical is not always a straightforward task, and there 1s a considerable dis-
agreement on how exactly one should define ethical behavior.” The ethical

¢ Although the economics profession originates from both ethics and engineering, it
has evolved concentrating heavily on the engineering approach (Sen 1987). Further, eco-
nomic theory for long times largely ignored the environmental and social limitations that
humans face (Barham 2002). “To understand the moral relevance of positive economics
requires an understanding of the moral principles that determine this relevance” (Hausman
and McPherson 1993). It is important for the economist to make his/her underlying value
judgments (or “point of view”) apparent and clear in order to make them subject of dis-
cussion. As stated by Weber, “in the method of investigation, the guiding ‘point of view’ is
of great importance for the construction of the conceptual scheme which will be used in
the investigation” (Weber 1897). While the fundamental theorems of welfare economics
contain a “do no harm” principle, they also distance welfare economics from ethics.

"There are at least two opposing schools of thought. On one side, ‘Consequentialism’,
to which the utilitarian school belongs, argues that a deed’s ethical value should be defined
based on the consequences it brings with the ultimate objective being the maximization
of welfare for all stakeholders. On the other side, (neo-) Kantian philosophers argue that
an action is ethical if the individual feels he/she has the right or duty to execute such an
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underpinning of the structure in Table 2 explicitly considers the need for
sharing and implicitly considers past and current wealth related weights of
environmental footprints. Reflections on the proposed structure in Table 2
would start from the premise, let long-term human wellbeing be deter-
mined by man-made capital (C,,), environmental resources (environmental
capital: C)), and the existence of nature (N, defined as in introduction
above); whose and what food consumption should be brought in line with
what sustainability criteria? Should all — the rich and the poor — adjust con-
sumption by equal shares or if not, in what ways? These are questions that
require ethical considerations and value judgments.

Whose and what
food consumption

Group 1: Excessive
food consumption by
wealthy

Group 2: Balanced
consumption by the
food secure

Group 3: The under-
consuming hungry and
food deficient

Which sustainability
paradigm®

“very strong”

N unchanged and
C, = constant

“strong”

C, = constant

“weak”

Cn + C, = constant

Substitutability No very limited not limited
between C, & Cp,
Discount rate DR=0 DR=0 0 < DR < interest rate

What action to
consider (examples)

limit human impact of
related consumption
activities (regulations
re N; trace
environmental
footprints)

Efficient use and
conservation of
natural resources
(apply environmental
standards)

Efficient use of natural
resources; incentives
for conservation
(taxes, benefit from
payments for their
eco-system services)

Table 2. What sustainability for what and whose food consumption? Some value judgments ap-
plying variant conditions of sustainability. Note: Let long-term human wellbeing assume to be
determined by man-made capital (C,), environmental resources (environmental capital: C,), and
the existence of nature (N).

action. This view derives from Kant’s “Categorical Imperative”, which defines an ethical
action “‘as objectively necessary in itself, without reference to another end” (Kant 1785).
In practice, this school of thought emphasizes obligation, duty and rules.

8 Adapting Pearce et al. (1996) concept of “very strong”, “strong”, “weak” sustain-
ability.
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The framing as presented in Table 2 is not without caveats: ethical issues
may arise from externalities of behavior and from ethics itself. For instance,
ethically founded consumption will have spillover eftects to production and
trade that may adversely impact others through price and income eftects,
which might have negative repercussions on poor producers. Basically, the
framework suggests that those who are positioned in excessive consumption
(Group 1) should be faced by strong sustainability criteria (be it through
regulations or self-restraint), i.e. their consumption should not impact on
nature, and substitutability between natural and man-made capital would
not be accepted for / by them, neither would be discounting future value
streams (discount rate at zero or below). These sustainability restrictions
might come at a cost of their further economic growth. Group 2 would
face less harsh environmental criteria for their consumption impact on na-
ture and a less strong sustainability concept (Cn = constant). For the un-
dernourished poor (Group 3), the least strict sustainability paradigm would
apply, i.e. substitutability between natural capital and man-made capital. And
actions would difter accordingly (see examples in bottom row (Table 2).

4. Discussion of Implications
Policy directions

If the environmental externality problems of food demand were just a prob-
lem of wealthy people, solutions with taxation and regulation would in prin-
ciple be rather easy. But any solution to the problem poses complex
consequences because there are serious equity and poverty dimensions. The
bundle of instruments for the three distinct but interrelated goals — healthy
food consumption, sustainable use of natural resources, conservation of nature
— needs to be efficiently applied in a well-targeted goals/ instruments frame-
work. Assuming that there is one tool to achieve all three goals, say by cutting
animal product consumption, will not work. Key areas for policy attention are:
1. All consumers need to know more about the implications of their con-

sumption behavior for themselves, for others living far away from them,

and for future generations. Creativity in labeling and consumer infor-
mation is called for. More experimenting should be explored. Targeted
taxes and regulations should not be excluded. Incentives and regulations
need to go together with new efforts by civil society and cultural leaders,
including churches, to change consumer attitudes to factor in consump-
tion externalities, and cut waste.

2. Sharing the burden of adjustment in consumption to reduce negative
consumption externalities for natural resources should be quite unequal.
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Policies need to take account of the large wealth inequalities and of ab-
solute poverty when attempting to correct the negative externalities of
food consumption. “Food first” for the poor implies that much stricter
sustainability criteria should apply to the wealthy than to the poor.This
does not just relate to richer versus poorer nations but to richer versus
poorer households within nations.

3. Much of the environmental impacts of food consumption need to be
addressed on the production side. Producing more with less, 1.e. sustain-
able intensification, is needed in agriculture. Prevention of soil degrada-
tion, sustainable water use, and zero or negative greenhouse gas emissions
from agriculture are key targets for that. Technological innovations along
the value chains, and new strategic orientation in a bioeconomy frame-
work should be considered.

Research directions

Priority in food related research should remain the creation of new
knowledge that can assist to end hunger and malnutrition problems. Con-
sumers and the environmental externalities of their behavior have been
under-researched. Key themes for public research in relation to that are:

Uncovering the determinants of consumer choices with respect to envi-
ronment and health; assessing the effectiveness of positive ‘nudging approaches’;
studying the impact of economic incentive systems for environmentally sus-
tainable consumer behavior (e.g. incentives vs. taxes/fees).

Evaluating ‘natural experiments’ and implementing field experiments
created to develop environmentally sustainable consumer behavior and re-
lated institutional regimes.

The scope and scale of biologizing the economy (bioeconomy) to facilitate
reduction of the large environmental externalities of food consumption (and
other consumption, such as related to housing and mobility) connected to
fossil fuels, land, and water, and thereby assist a transition toward reconciliation
of sustainability of humanity with sustainability of nature.
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SUSTAINABLE DEVELOPMENT
GOALS FOR A NEW ERA

JEFFREY D. SAcCHS

I want to describe what I believe to be the central drama of our time.
In many ways humanity has squandered the time it once had to adjust to
environmental realities. Now our backs are up against the wall. As the
Church says, we are living in history, and our generation’s history is the
threat of unprecedented, global-scale environmental catastrophe.

With a population of 7.2 billion, and an economic output measured at
$12,000 per person (in international prices), the $90 trillion global economy
is putting unprecedented strain on the world’s ecosystems, climate, and bio-
diversity. The world economy is very roughly 250 times larger than it was at
the start of the Industrial Revolution in the middle of the 18" century. The
human impacts are similarly must more vast and dangerous than ever before.

The world’s governments are currently attempting to negotiate a frame-
work to help guide humanity through the very difficult environmental
crises of our own making. I want to explain that global diplomatic process
because I think it is vital that these negotiations be successtul. And since
global cooperation is fragile and tenuous, there is absolutely no guarantee
of success. For that reason, I believe that this week’s meeting is extraordi-
narily timely from the point of view of global diplomacy. We can give a big
boost to the on-going talks.

Humanity has entered the Anthropocene: a new era of risk and possibility

As Professor Crutzen has taught us, we have entered a new environmen-
tal era on the planet, which he has helped to christen the Anthropocene. This
new concept is deeply correct and, indeed, both startling and extremely
important. We are now in a human-driven physical world. Sometimes the
scientists say that humans have become the main “drivers” of planetary-
scale change, but if we’re “driving” we are certainly not paying attention to
how we’re driving! The global economy is changing the planet in extraor-
dinarily dangerous ways and yet our political systems are displaying an al-
most complete inattention to these dangerous trends.

I'd like to refer to a statement of President John E Kennedy, made half a
century ago, because I think it applies to us today. In his inaugural address,
Kennedy said, “For man holds in his mortal hands the power to abolish all
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forms of human poverty and all forms of human life”. In essence, we are
living in a time of extraordinary choice. Our technological capacity can be
uniquely beneficial: we can end extreme poverty in this generation. Yet it
can also be incredibly destructive, not only in the sense of the thermonu-
clear risk that President Kennedy referred to, but also to environmental de-
struction that threatens us in our generation.

How did we arrive at this dangerous point? We are the inheritors of two
centuries of dramatic technological breakthroughs. Economic history shows
an almost unchanging level and character of global economic activity over
the course of centuries (even perhaps a couple millennia) up till around
1750. It is only in the last two and a half centuries that rapid economic
growth in the modern sense has occurred, and this unprecedented eco-
nomic growth has been the result of waves of technological change.

The biggest breakthrough came with James Watt (and his predecessor
Thomas Newcomen), who first showed how to use fossil fuel — ancient
solar energy stored in the form of coal, oil, and gas — for motive power.
Watt’s steam engine and other fossil-fuel-using technologies that followed
(e.g. the internal combustion engine and gas turbine) have fundamentally

Waves of Technological Transformation
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Figure 1. Kondratieff waves of technological transformation.
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transformed the world economy, and now the planetary environment as
well. Indeed, since Watt’s steam engine (in 1776), there have been a series
of fundamental technological advances sometimes called “Kondratieft
waves” (Figure 1). For example, we are now living through the wave of the
Digital Revolution, which is again reshaping the world economy.

These waves of technology have shaped the modern world, and the
growing human impact on the environment.The path of total world output
(sometimes called the Gross World Product, or GWP), is therefore unlike
anything seen before the modern economic era. Figure 2 shows the best
reconstruction we have of the long sweep of GWP. The essence of the pic-
ture 1s that history changed around 1800 (with the first Kondratieft wave
and those that followed). Gross World Product has soared vertically, but we
have not adjusted to this reality, either institutionally, morally, ethically, or
cognitively. Yet this change has fundamental implications for how we live
with each other and how we live with the planet.

The path of the global population (Figure 3) looks like almost the same
curve as GWP,and it is indeed closely related. For the long stretch of human
history the global population virtually remained almost unchanged. The
change over centuries was so small that it was nearly imperceptible to those
who lived at any time in the preindustrial age (except of course for rare
episodes such as the Black Death in Europe).Yet after 1800 or so, the world’s

Soaring World Output
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Figure 3. Growth of World Population and the History of Technology.

population began to soar. This is mainly (though not only) because the ad-
vances in global technology included the ability to grow vastly more food-
stufts to feed a growing world population. The result is that the global
population has risen roughly eight-fold since 1800, from around 900 million
to 7.2 billion people today.

Figure 4 shows another curve that looks similar. It is, indeed, another
case of geometric growth.This one is Moore’s Law, the doubling of the “tran-
sistor count” on advanced integrated circuits roughly every 24 months, a
doubling process that has been occurring since the advent of integrated cir-
cuits around 1958. Moore’s Law describes our generation’s Kondratieft
Wave, the Digital R evolution. The ability to store, process and transmit data
in bits has improved by roughly one billion times since 1958.This great ad-
vance in digital technology is already transforming the world economy, the
nature of jobs, and the pursuit of science in almost every sphere. The digital
revolution gives us great technological power, both for good (to fight
poverty) and alas also for bad (for example through more advanced spying
or accelerated environmental catastrophe).
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THE INFORMATION REVOLUTION
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Figure 4. The Information Revolution.

The Result of the Technological Revolution is a
Fully Interconnected, Increasingly Urban,
Highly Productive Global Economy

Gkl
Figure 5. The Connected Global Economy.
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The cumulative result of the five Kondratieft Waves is a fully intercon-
nected world economy and global society. These interconnections are de-
picted graphically in Figure 5. The white lines in the figure depict the global
aviation routes; the blue lines depict the ocean-shipping lanes; and the green
lines show the road networks. The bright white dots are major urban ag-
glomerations. All in all, the world is deeply interconnected as never before.
This is, of course, what is meant by “globalization” in our era.

There is of course much good news associated with this stunning tech-
nological progress. One piece of good news is that the global rate of ex-
treme poverty has been falling significantly in the past two decades. China
has been the greatest exemplar of that progress. China’s rate of extreme
poverty, according to World Bank data, fell from around 60% in 1990 to
around 12% in 2010. Overall headcount poverty (the proportion of house-
holds living below the World Bank’s poverty line) declined by more than
half between 1990 and 2010, from around 43 per cent at the start of the
period to around 21 per cent at the end of the period. This reduction of
poverty represents a marvellous improvement in the quality of material life,
and it is happening in many parts of the developing world, though most
notably in Asia, and then in Africa since around 2000.
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Figure 6. Extreme Poverty is Falling and Can Be Eliminated.
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Yet the good news of economic advance is offset by considerable bad
news as well. First, the economic progress has been unequal in its impacts
and many of technological changes have caused major shifts in the distrib-
utional of jobs and incomes. For example, the demand for unskilled labour
seems to have declined markedly in the last twenty years. This is in turn
leading to higher youth unemployment, falling incomes of young people,
and rising social stresses in many parts of the world. Figure 7 shows pictures
of the police confronting young people in clashes in major cities all over
the world. This unrest is becoming a nearly universal phenomenon.

Yet the global environmental impacts of global economic development
are probably even graver than the social dislocations. As the result of massive
economic growth and the neglect of the physical environment, humanity
is “trespassing”” on a number of key Planetary Boundaries. The phrase Plane-
tary Boundaries, coined in 2009 by a group of world-leading ecologists,
signifies various environmental thresholds that humanity is cross at great
peril. These Planetary Boundaries are depicted in Figure 8. They include

R
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Figure 7. Rising inequality, youth unemployment...
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PLANETARY BOUNDARIES
IN THE AGE OF THE ANTHROPOCENE

Sowrce: Rockstrdm et al 2009

Figure 8. Planetary Boundaries.

human-induced climate change; human-induced acidification of the
oceans; human-induced release of nitrogen and phosphorus into the envi-
ronment (mainly from fertiliser use); massive freshwater depletion; massive
deforestation and other land use changes; massive human-induced destruc-
tion of biodiversity; massive aerosol pollution (e.g. through burning of fossil
tuels in major cities); and massive chemical pollution. The economic growth
curve has turned up so steeply, and our environmental neglect is so severe,
that humanity is crossing the safety boundaries of the planet.

And the dangers are evident in every part of the planet. Let me illustrate
those dangers with a few recent photographs.

Figure 9 happens to show my own city, New York City, on the occasion
of the Super-Storm Sandy that hit the northeast coast of the US in late
October 2012.You can see the New York City police cars floating down
10% Street in downtown Manhattan. Yet New York City’s flooding is not
unique. Bangkok, Beijing, Belgrade and countless other cities have had sim-
ilar massive floods in the past three years.
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MANHATTAN, HURRICANE SANDY, OCTORER 29, 2012

Figure 9. Manhattan, Hurricane Sandy.

BELING ENVELOPED IN POLLUTION. JANUARY 2014

Figure 10. Beijing enveloped in pollution.
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Algal Etnﬂm, ﬂlndan Ehandung F'n:-wnce. 2013

Figure 11. Algal Bloom.

Figure 10 shows another planetary boundary: aerosol pollution. The
photo is of Beijing in January 2014, when Beijing’s air became so polluted
that breathing the air became a major health risk. The best advice to Beijing
residents was, “Don’t breathe for the following three days!”The air in many
Asian mega-cities is unsuitable for human health and safety. This air pollu-
tion can reduce life expectancy by several years.

Figure 11 is an illustration of eutrophication, the massive algal blooms
(followed by hypoxic or “dead” zones) that result from the massive poison-
ing of rivers, estuaries, and coastlines by nitrogen and phosphorus fertilizers
carried by rivers and groundwater from millions of farms to the coast.

Figure 12 shows a satellite image of what by some measure was the
strongest land-falling tropical cyclone in modern history, Typhoon Haiyan
of November 2013.This massive typhoon struck the Philippines and caused
mass destruction, dislocation and loss of life. Such is our new world, one of
increasingly frequent and intense climate-related catastrophes.

Another key kind of disaster are massive and increasingly frequent droughts
that are plaguing so much of Africa and the Middle East (as well as the US
state of California in recent years). I see these droughts in my development
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Figure 12. Typhoon Haiyan.

activities month by month, whether it’s the Horn of Africa, Yemen, or the
Sahel (Figure 13). Human-induced climate change seems to be contributing
to falling precipitation and rising evapotranspiration in many parts of the
world’s drylands. The result is drought and in severe cases, famine. These in-
creasing droughts are hitting against rising populations in these very places.
The result is like the crossing of two scissor blades: falling rainfall on one
blade, and rising populations on the other. As with the blades of a scissor,
these contrasting trends are cutting society to the bone, threatening their
health, food security, and political stability. Many drylands — Somalia, Yemen,
and Syria to name three cases — are already succumbing to chaos.

Sustainable Development is the global concept to address this quite har-
rowing and unique reality of our time. Sustainable Development as a con-
cept calls for a holistic and integrated vision of society, in which our
economic objectives, such as ending extreme poverty, are put alongside our
social objectives such peaceful communities, stable families, and effective
governance, as well as our environmental objectives of stopping climate
change, controlling pollution, and protecting ecosystems and biodiversity.
The shorthand goal of Sustainable Development is “Inclusive and Environ-
mentally Sustainable Growth”.
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Figure 13. Chad, 2012.

The concept of Sustainable Development came to public awareness 27
years ago through the World Commission on Environment and Develop-
ment, most often called the Brundtland Commission (after its chair, Dr Gro
Harlem Brundtland). The concept was then incorporated into the three
multilateral environmental agreements reached at the Rio Earth Summit
in 1992, on climate change, biodiversity and desertification. Yet the grim
reality is that these three treaties have not worked. International law has not
proven to be a match for the juggernaut of the world economy. In every
environmental domain we are by far worse than we were in 1992.

When the world’s governments met in June 2012 on the 20" anniversary
of the Rio Earth Summit, at a meeting known as the Rio+20 Summit, the
main challenge facing the governments was how to bolster sustainable de-
velopment. In the key recommendation of the Summit, the world’s govern-
ments called for a new set of Sustainable Development Goals (SDGs) to help
guide the world during the next fifteen-year period from 2016 to 2030. One
of the reasons for this interest in high-level SDGs was the relative success of
another set of high-level goals, the Millennium Development Goals (MDGs),
on which I've had the honour to advise former UN Secretary-General Kofi
Annan and now UN Secretary-General Ban Ki-moon. The MDGs have
played a critical role in drawing the global attention to extreme poverty. The
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hope is that Sustainable Development Goals will similarly draw the world’s
attention to the dire challenges of sustainable development.

The key importance of the SDGs is that they invite the entire global
society to become engaged in the Earth’s future. The SDGs move us beyond
the rarefied realm of global treaties — which involve mainly lawyers, diplo-
mats, negotiators, and politicians — to the realm of global civil society. With
the SDGs we have a global compass, a lodestar, a set of shared objectives, to
help move the world towards sustainable development.

Please permit me to quote President Kennedy once again. In 1963,
Kennedy successfully negotiated the first major peace treaty with the Soviet
Union in the Cold War era: the Partial Nuclear Test Ban Treaty. In the course
of pursuing that agreement, Kennedy described how a clear and shared goal
may be a source of progress and inspiration: “By defining our goal more clear
— by making it seem more manageable and less remote — we can help all
people to see it, to draw hope from it and to move irresistibly towards it”.!

The specific idea of Sustainable Development Goals is to combine so-
ciety’s goals of ending extreme poverty; increasing social inclusion with re-
duced inequality; and promoting the environmental sustainability of food
systems, energy systems, ecosystems and biodiversity. All of this should be
accomplished within a framework of global governance and partnerships
needed to achieve the economic, social, and environmental aims.

[ am now directing a process for UN Secretary-General Ban Ki-moon
called the Sustainable Development Solutions Network (SDSN). The
SDSN is a new global network of academia, civil society, and the private
sector that works with the UN and with national and local governments
both to set the SDGs and then to achieve them.The SDSN will work from
2016 to 2030, the period of the Sustainable Development Goals.

As one early phase of the SDSN work, the Leadership Council of the
SDSN has made a recommendation to the UN General Assembly and Sec-
retary General as to what the SDGS might be. The SDSN has recom-
mended ten main goals, listed as follows:

— End extreme poverty

— Promote sustainable growth and jobs
— Education for all

— Social inclusion for all

— Health for all

' JFK, American University Speech, June 1963.
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— Sustainable agriculture

— Sustainable cities

— Sustainable energy and climate change

— Sustainable biodiversity

— Good governance and global partnership

The SDGs are being negotiated now at the United Nations, and will be
adopted in September 2015 at a summit of world leaders. So far, the UN
General Assembly has narrowed the list to seventeen headline goals, very sim-
ilar in fact to the SDSN list. I expect that the list of seventeen will be refined
to around ten goals by the end of the process, very similar to those on the
SDSN list. These ten or so SDGs will be accompanied by perhaps 30-40 tar-
gets (three to four targets per goal), and perhaps 100 numerical indicators
that will be used to track progress towards the goals. The SDGs (and the targets
and indicators) will be the subject of annual review by the UN member states.

Nothing about achieving global Sustainable Development will be easy. We
are very, very close to losing the possibility of avoiding climate catastrophe.
In 2010 the world’s governments agreed to take action to avoid a 2°C rise of
mean temperature above the pre-industrial level. We already have a 0.9°C in-
crease, roughly half way to the globally agreed limit. If we continue with busi-
ness as usual, the world’s mean temperature is likely to rise by as much as
4°-6°C by the end of this century. This would likely prove to be calamitous.
The only way to achieve the 2°C target will be through decisive cooperation
among the world’s major economies. A recent report of the SDSN, called the
Deep Decarbonization Pathways Project Report,? shows how the 2°C goal can
still be met, but only through a very deep and rapid transformation of the
global energy system to low-carbon energy sources and uses.

The fact of the matter is that humanity is still rushing headlong towards
multiple collisions with nature and with each other, within highly divided
and unfair societies. And yet, we have the means to succeed; that is, to com-
bine the end of poverty with social inclusion and environmental safety. The
most essential quality for our survival will be a shared moral impulse to do
the right thing: to protect each other and nature from our greed, scientific
lack of understanding, and moral disregard and carelessness.

In conclusion, I believe the world desperately needs — and yearns for —
a shared global ethics to underpin the forthcoming Sustainable Develop-

2 Available online at http://unsdsn.org/what-we-do/deep-decarbonization-pa-
thways/
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ment Goals. The debate in New York is still very much a technical debate.
It is mainly about international law, institutions, technologies, finance, and
timetables. As of yet, it is only implicitly about values. We are still lacking
an explicit and informed discussion of global ethics.

There 1s no doubt that the world is yearning for such a moral renewal. We
see clearly the global response to Pope Francis’s pronouncements. This is
global, this is worldwide, this is across religions. I personally believe that the
social doctrines of the Church offer a global inspiration on these issues, across
the major religions. I refer to Church social teachings that, in my mind, are
fundamentally in line with Sustainable Development and the SDGs.

The Preferential Option for the Poor is at the core of the concept of
ending extreme poverty. Pope Paul VI’s wonderful statement that “Devel-
opment is the new name for Peace”, is a similarly vital concept. The doc-
trine of the Universal Destination of Goods reminds us that a global market
economy must be underpinned by ethics. The Church teaches us of the
moral responsibility towards Creation, the importance of integral human
development, and of the importance of subsidiarity in building institutions.
(The SDSN recommends an SDG for urban areas in order to emphasis the
important of communities and local governments).

In the final analysis, we do not face an economic, technological, or fi-
nancial crisis. We face a moral crisis. If we can rally our spirit, the rest will
follow. As Pope Francis has powerfully put it, we face the “Globalization of
Indifterence”. The SDGs (and other global objectives) can help us to over-
come that indifterence. By engaging global society through clear global
goals, and by infusing those goals with a shared moral underpinning, hu-
manity in our time can step back from the environmental precipice. We can
achieve prosperity, social trust, and a safe planet. Indeed, any other course
of action would threaten our very survival. Our course must be one of
hope, cooperation, compassion, and positive action.
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CLIMATE-SYSTEM TIPPING POINTS
AND EXTREME WEATHER EVENTS

HANS JOACHIM SCHELLNHUBER AND MARIA A. MARTIN

Introduction

The climate system is a most delicate fabric of interwoven planetary
components (such as the atmosphere, the oceans, the cryosphere, the soils,
and the ecosystems) that interact through intricate physical, chemical, geo-
logical and biological processes (such as advection, upwelling, sedimenta-
tion, oxidization, photosynthesis, and evapotranspiration). The fascination
for that system as an integral part of the nature surrounding us is as old as
mankind. However, the scientific understanding of the climate system’s
make-up and dynamics, as well as the cultural perception of its vulnerability
to human interference, are quite young: We eventually become aware of
the fact that even slightly pulling one single string might have the potential
to tear apart the entire fabric. Anthropogenic global warming, resulting
from the industrial burning of gigantic amounts of fossil carbon, is an evi-
dent candidate for such a disruptive pull.

Thoroughly understanding the potentially devastating consequences of
that warming is the key precondition for effective mitigation and adaptation
measures. Unfortunately, scientific progress in the pertinent fields has been
slow until fairly recently due to the intellectual challenges posed by the
manifold nonlinearities characterizing the climate system. It seems, however,
that we are now entering an exciting new research phase that will dramat-
ically deepen and multiply our insights about non-regular climate behavior.
So we have an interesting story to tell.

Our article roughly divides the nonlinearities field into two main camps,
one embracing extreme weather characteristics and the other identifying crit-
ical transitions of vital Earth System components (“tipping elements”). It is
important though to recognize that those camps are not independent. In
fact, a number of links exist, some of which will be discussed here. And
many more links will be explored before long. What we know for sure al-
ready, however, is that Nature and Homo sapiens are now entangled in a fate-
ful relationship: The most successful species on Earth has begun to shape
that very Earth, although without a master plan or botcher plot so far. Thus
we have finally entered the Anthropocene, the geological age of humankind,
as Paul Crutzen once famously put it (Crutzen 2002). Through innumerable
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feedback mechanisms, the natural environment will react to human inter-
terence which will trigger massive counter-actions by our civilization (per-
haps including so-called geoengineering measures), causing new and
unforeseeable planetary side effects, and so forth. Whether this interactive
dynamics tends to spin out of control or whether it can be directed to some
stable equilibrium again, depends crucially on the nonlinearities involved
and sketched in the following.

Human culture as we know it emerged through two great transforma-
tions, namely the Neolithic and the Industrial Revolution.The former was
decisively favored by the exceptionally stable climatic conditions in the
Holocene after the end of the last glacial period some 11,000 years ago
(Figure 1). The development of agriculture, in turn, laid the foundation for
rapid mechanization after 1750 that would not have happened, however,
without the fortunate accessibility of fossil resources of exquisite energy
density — mined in England first and on all continents later on. The over-
whelming historic process of world-wide carbonization, which may be doc-
umented as the “c-story of humankind” (Figure 2), resulted not only in
large-scale industrialization, but also helped to tap the immense human po-
tential for creativity, discovery and progress for a better living. It appears
like a sheer success story at a first glance, and yet it is not an untroubled
narrative. For this carbonization of the world led to a multitude of negative
externalities (as the economists would call them), not least the potential
destabilization of the benign Holocene climate through the significant al-
teration of atmospheric greenhouse gas levels. As the latest IPCC Assess-
ment Report demonstrates, the global mean surface temperature could rise
above pre-industrial values by more than 4°C by 2100 under a business-as-
usual scenario (RCP 8.5, Meinshausen ef al., 2011). As a consequence, our
planet could be pushed into an uncomfortable realm, where many natural
and cultural systems would be at risk of heavy stress, if not collapse.

Extreme Weather Events

Many of these risks were recently summarized in a flagship report by
the World Bank (Schellnhuber ef al., 2012). One of the main findings of
that report was that 50-weather phenomena — that is, extreme meteoro-
logical events (like heat waves) that on average happen only once in about
a million years under stationary environmental conditions — will occur prac-
tically every year in the tropics or subtropics if the world warms by 4°C.
This most challenging scenario is actually foreshadowed already by shifts
in extreme-weather regimes as observed in recent decades, largely consistent
with the still moderate anthropogenic climate modification enforced so far.
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This is epitomized by the world-wide increase in record-breaking monthly-
mean temperatures (see, for instance, Figure 3, adapted from Coumou,
Robinson, & Rahmstorf, 2013).

Yet the frequency, character and severity of meteorological disasters that
struck especially the Northern Hemisphere over the last 20 years cannot
be fully explained by the statistical effects associated with unfolding global
warming. Thus, the changes observed are not just the direct result of an up-
ward shift of the otherwise unmodified temperature distribution, an eftect
that already significantly enlarges the extreme-events area under the typical
temperature distribution curve. Latest scientific analyses rather indicate that
high-impact events, such as the Russian heat wave and the Pakistan deluge
in 2010, are related to an insidious transformation of the jet stream system
(Figure 4). The most important branch of this Earth-scale westerly wind
field meanders in 7-12 km height above the mid-latitudes of the Northern
hemisphere and separates cold and temperate air masses (see, for instance,
Archer & Caldeira, 2008; Branstator, 2002). Occasionally, huge northward
and southward bulges of the jet stream emerge from the underlying non-
linear fluid dynamics, the so-called Rossby waves. In general, these waves
get straightened out again within a few days, yet they also may get stuck
through subtle quasi-resonance mechanisms between traveling and station-
ary planetary waves (Petoukhov ef al., 2013). As a consequence, blocking
weather conditions can arise, favoring long-lasting heat waves and droughts
or floods resulting from persistent precipitation patterns.

Observational data indicate that the frequency of such weather situations
has markedly increased over the last two decades (Coumou et al., 2014;
Screen & Simmonds 2014). Moreover, there is theoretical and empirical
evidence that the increase is related to the disproportionally strong Arctic
warming (especially after the year 2000, see Figure 5) in response to an-
thropogenic radiative forcing (Francis & Vavrus 2012). For the shrinking
temperature difference between the mid latitudes and the high latitudes
tends to weaken the Northern jet stream, causing it to split up in two
branches confining persistent wind patterns. This is, however, just one of
the mechanisms involved in a most intricate wave dynamics (Petoukhov et

al.,2013; Palmer 2013).

Tipping Elements in the Climate System

The jet stream system itself can be perceived as one of the above-men-
tioned tipping elements within the Earth’s climate system (Lenton et al.,
2008). They form a collection of crucial circulation patterns, geophysical
processes, cryospheric entities, and large-scale ecosystems that may be pushed
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into different modes of operation by massive human perturbation. The link
between planetary waves and persistent extreme weather conditions, as
sketched above, therefore illustrates how the anthropogenic switching of a
defining component of the global environmental make-up trickles through
the fabric of entangled climate processes down to the domain of our every-
day experience. As indicated above as well, different tipping elements, like
the Arctic sea ice and the Northern jet stream, seem to be intimately coupled
via the anomalous decrease of wintertime sea-ice extension and the resulting
shift in wind patterns (see, for instance, Petoukhov & Semenov, 2010, Francis
& Vavrus, 2012). Identifying and quantifying those interactions belongs to the
most exciting research challenges of this decade.

El Niflo-Southern Oscillation (ENSO)

One of the most important tipping elements is the El Nifio phenome-
non, which is in turn the most conspicuous part of the so-called El Nifio-
Southern Oscillation (ENSO) pattern, a natural atmosphere-ocean seesaw
dynamics in the tropical Pacific. The former can last for many months and
sets in when trade winds that usually push higher-temperature upper-layer
waters towards the west (into the “Pacific warm pool”) break down. Once
the heated water is allowed to slosh back to the east, it gives rise to an anom-
alous ocean warming oft the West coast of South America. Since this tends
to happen around Christmas, Peruvian fishermen named the event after the
infant Jesus. Note that El Nifo is so persistent because atmospheric and
oceanic processes conspire, under certain conditions, to bring about a self-
amplifying pattern of air pressure systems and sea temperature domains. As
arule,“La Nina”, the cold sister of El Nifio, starts to reign once that pattern
collapses through stochastic mechanisms.

El Nifio can trouble weather behavior around the globe and may wreak
havoc in most distant regions. In the late 19% century, droughts and mon-
soon failures, floods and epidemic diseases like malaria, bubonic plague,
dysentery, smallpox and cholera accompanied marked clusters of El Nifio
and opposing La Nifa events, although an exclusive causal attribution is
very hard to establish in this context. In the course of those tragic events,
around 30-50 million premature deaths were counted in India, China and
Brazil (Davis 2001, and Figure 6). The inhumane practices of late colonial
exploitation aggravated the disaster, creating even more opportunities for
grabbing territories from the “inferior peoples in the South” and for ce-
menting the political rule of the North.

Due to its dominating role in natural climate variability, the ENSO pat-
tern 1is subject of many topical studies. A recent paper has argued that ex-
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treme El Niflo episodes will become more frequent with unabated global
warming (Cai et al., 2014). In order to avoid the worst negative impacts of
such events, for instance on agriculture, fisheries, public health and tourism,
early prediction through advanced scientific methods plays a key role. Until
recently however, reliable forecasts became available only about 6 months
before the onset of an El Nifio which is often insufficient for eftective pre-
paredness and resilience measures. A novel prediction method (Ludescher
et al., 2013, 2014), relying on a network analysis of teleconnections (links)
between site temperatures in the El Nifio basin and the rest of the Pacific,
allows to forecast those events at least one year ahead with a 3-in-4 prob-
ability (Figure 7). Thorough data evaluation with powerful complex-systems
methods suggests that a cooperativity transition tends to happen as a pre-
cursor/trigger phenomenon of the East Pacific warming anomaly. This very
approach has projected a 2014 El Nifo appearance as early as 17 September
2013 (see again Figure 7).

Excursus: A Commitment to Global Change

The extremely long lifetime of anthropogenic CO, in the atmosphere —
a significant fraction remains airborne for a thousand years or longer (see, for
instance, Archer & Brovkin, 2008) — makes it important to assess slow climatic
changes as well. These might not be easily discernible for laypeople (or even
experts), yet they will strongly affect human civilization in the longer term.
Due to their insidiousness such processes within the Earth system pose very
specific risks. In the following, we sketch a few of those “slow threats”.

Even if, in the year 2300, anthropogenic greenhouse gas emissions finally
drop back to zero after a business-as-usual path with 4°C global warming by
the end of this century (RCP 8.5), CO, will only very slowly disappear from
the atmosphere. As a result, temperatures will fall only by 1 to 2°C during
this millennium (Zickfeld ef al.,2013). In that scenario, thermal expansion of
the ocean waters alone will cause a sea-level rise of 1.6 meters until the year
3000 and still continue. As an early response to anthropogenic radiative forc-
ing, sea level has already been elevated by about 0.2 m since the beginning
of the 20" century (mostly due to thermal expansion so far), and the rise is
likely to accelerate IPCC WG1 2013). In the longer term, over the course
of 2000 years or so, the major contribution will stem from ice sheet melting
on Greenland and Antarctica (see below). Using both computer simulations
and sediment data, one can expect sea level rises by at least 2 meters per degree
of warming (Levermann ef al., 2013). This illustrates that past and current
human interference with the climate system represents a severe commitment
to global change that can hardly been undone.
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Delicate Giants at the Poles

Among the most precarious tipping elements are therefore the huge ice
sheets on Greenland and Antarctica, which may start to disappear in an irre-
versible manner once certain critical thresholds (“tipping points”) with respect
to key environmental parameters are transgressed. Although this disappearance
is expected to happen on timescales of hundreds to probably thousands of
years, red lines may soon be reached or even have been crossed already.

For the Northern ice sheet on Greenland, the most determinant param-
eter is the surface temperature, which, in contrast to most of Antarctica, is
high enough to instigate melting. In Greenland, the melt water can reach
the base of the ice through huge moulins and lubricate the sediment upon
which the ice sheet is moving. This eftect enhances the speed of the ice
streaming towards the ocean, where it can be affected by warmer water
temperatures too. Surface melting also reduces the reflectivity of the ice,
leading to further warming through increased absorption of solar radiation.
Yet the quintessential mechanism which introduces a strongly nonlinear —
and possibly irreversible — decay of the ice sheet is the surface-mass bal-
ance-height feedback: Even if, in the long term, global temperatures drop
back below a threshold that initiated that nonlinear process, the reduced
elevation of the ice surface is now exposed to milder temperatures and
therefore still favors melting and possibly prohibits regrowth. A strong sci-
entific underpinning of the political 2°C guardrail was associated with the
idea to prevent the climate system to cross pertinent tipping points. Un-
fortunately, recent research suggests that the critical threshold for the sub-
sistence of the Greenland ice sheet might be as low as 1.6°C global surface
warming (Robinson ef al., 2012; Ridley et al., 2010).

The Antarctic ice sheet, on the other hand, is especially susceptible to a
particular environmental parameter: Since a large fraction of the ice is flow-
ing into the ocean forming huge floating ice shelves, the sheet can be de-
graded from the lateral margins by rising water temperatures. As the ice
shelves are weakened, either by melting from below or disintegration due
to melt ponds at the surface and successive crack formation, they lose their
ability to hold back the kilometer-thick ice further inland. For instance, the
disintegration of the Larsen B ice shelf in 2002 over the course of only two
months increased the speed of the glaciers feeding it by factors ranging
from 2 to 8 (Rignot et al., 2004; Scambos et al., 2004; Rott et al., 2011).

This tangle of processes can lead to a self-sustained ice loss if certain
topographical conditions are fulfilled (Figure 8): If the ice rests on bedrock
below sea-level and the bed is deeper towards the center of the ice sheet,
the ice flow increases as the ice retreats, leading to even further retreat (“Ma-
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rine Ice Sheet Instability”, known as MISI; for a review regarding West
Antarctica, see, e.g., Joughin & Alley 2011).These topographical conditions
are typical for the West Antarctic ice sheet (Figure 9) which holds enough
ice to raise global mean sea level by 3.3 meters (Bamber ef al., 2009). The
most recent research (Joughin, Smith & Medley 2014; Mouginot, Rignot,
& Scheuchl 2014) implies that a tipping threshold towards such an unhalted
retreat might already have been crossed in West Antarctica. Even parts of
the East Antarctic ice sheet — so far believed to be utterly stable — might
“tip”, once a critical ice plug near the coast melts away and thereby “un-
corks” the basin upstream which would lead to additional 3-4 meters of
global sea-level rise (Mengel & Levermann 2014).

Sea-level rise is especially critical in the tropics and sub-tropics (see
Schellnhuber ef al., 2012) for several reasons. On the one hand, the ocean
waters there will soar by up to 20% more than in the global mean. This is to
a large extent due to a basic physics effect: Massive loss of ice near the poles
reduces the regional gravitational pulling power on the surrounding ocean
water, releasing lots of near-by waters for distribution at lower latitudes. On
the other hand, because of high population densities and often inadequate
urban planning, coastal cities in developing countries are particularly vulner-
able to sea-level rise in concert with other impacts of climate change. This
was demonstrated in a most woeful way by typhoon Haiyan when it struck
the Philippines in November 2013 (Vidal & Carrington 2013).

Sustainability as a Joint Venture of Humanity and Nature

The central theme of the PAS-PASS workshop, “Sustainable Humanity,
Sustainable Nature”, ultimately raises the question whether there is such a
thing as a “global tipping point” (Figure 10).There have been recent studies
and speculations (Shakhova ef al.,2013; Rothman ef al., 2014; Whiteman et
al.,2013; van Huissteden ef al.,2011;Walter Anthony ef al.,2012) on thaw-
ing-emissions feedback processes involving the continental permatfrost areas
(especially in Siberia and boreal America) and the ocean shelves, where im-
mense amounts of the strong greenhouse gas methane have been assembled
and locked up for millions of years by physicochemical processes. Depend-
ing on the specifics of those processes, significant parts of the soil and sed-
iment methane could be remobilized or converted, resulting in major
releases of greenhouse gases in addition to the direct anthropogenic emis-
sions (Schneider von Deimling et al.,2012; Lenton 2012). In the very worst
case, such a dynamics could conspire with other feedback mechanisms (like,
e.g., tropical forest die-back) to bring about something that might qualify
as an outright or partial “run-away greenhouse eftect”. The scientific evi-
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dence for that scenario is very shaky, yet this is a research frontier that ur-
gently needs to be advanced over the next years. Even the persistence, after
due scrutinization, of a, say, 2%-probability for a global tipping series of
events triggered by human interference with nature should not be accept-
able, since the losses risked would be beyond any measure.

From the natural science perspective, there are many thinkable (not nec-
essarily likely) scenarios, where cascades of large-scale nonlinear events are
triggered by the tipping of one crucial climate system element. This could
eventually activate other tipping elements that are linked to the first one
through causal relationships in space and time. The disintegration of an ice
shelf followed by the collapse of the mother ice sheet, as explained above,
is just one example in this context. That process might significantly aftect
the thermohaline circulation in the oceans (Rahmstorf 2002; Clark et al.,
1999; Marcott & Clark 2011; Clark et al., 2002; Hu et al., 2009) which
could, in turn, change regional climate conditions and thus act back onto
ice shelves elsewhere or heavily modify the subsistence conditions for ma-
rine ecosystems (Kuhlbrodt et al., 2009).

From the social perspective, we would like to frame the argumentation
with a “sustainable development cartoon” (Figure 11), recently introduced
by the German Advisory Council on Global Change (WBGU 2014).This
cartoon tries to visualize a complex narrative in a very simple way. Tradi-
tional development dynamics in line with a dull continuation of the “c-
story of humanity” (see Figure 2) are contrasted with an alternative pathway
guided by the overarching “Sustainable Development Goal” (SDG) of ““safe-
guarding Earth system services”. This goal is designed to protect the natural
foundations of human progress while fostering poverty eradication and so-
cial cohesion across our planet. For the sake of illustration, our cartoon un-
folds in mobility-emissions space, epitomizing the modern relationship
between economic demands (such as moving people and goods in space)
and environmental externalities (such as releasing heat-trapping exhaust
gases). All data indicate that the relationship considered is strong indeed.
However, we could as well tell our story in a space spanned by the two
variables “meat consumption” and “soil erosion”.

We depict the world population in this chart by a cloud of coins, each
representing 100 million individuals. The coin material (gold, silver, copper)
provides a (highly nonlinear) wealth metric. The current situation (A, and
B, respectively, in Figure 11) is characterized by a grossly disparate distri-
bution of wealth/income, where the richest people (in practically any coun-
try!) also cause the highest per-capita greenhouse gas emissions. The
conventional paradigm, dominating the development economics discourse
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since the 1950s, aims at simply shifting this rather stretched cloud in a di-
agonal way by pumping even more fossil fuels into the global industrial
metabolism: The rich will become disproportionally richer by this, but even
the extreme poor will eventually benefit and get access to basic services
such as mobility. So the theory goes, at least.

Even if this theory were intrinsically correct (in spite of mounting evi-
dence against it; see the contribution of J. Stiglitz in this report), it would
pathetically neglect the negative externalities accompanying climate change:
When greenhouse gas emissions go through the roof in such a brute-force
development scenario, dangerous global warming cannot be avoided any-
more. In view of the 2°C guardrail and the associated finite carbon budget
available for global civilization (WBGU 2009), the average per-capita &
per-annum emissions allowance over the next fifty years is around 2-3 tons
CO, eq. Our cartoon reflects the evident point that the diagonal upward
stretching of the human cloud pushes the majority of the global population
far into the non-sustainable realm (A,). As a result, the entire situation be-
comes highly unstable and prone to “socioeconomic tipping events”, as es-
pecially the poor have no means to cope with the dire impacts of climate
change resulting from ever-rising greenhouse-gas emissions. Disparities
grow further and further; eventually, the entire overstretched social fabric
may come apart, as sketched in the cartoon (A,).

There is an alternative to this gamble with nature and humanity though,
as outlined in the right-hand part of Figure 11. In this scenario, the rich do
not lead the global population into the non-sustainable domain beyond the
2-3 tons line, but are the first to bend back from greenhouse gas emissions
(associated with mobility in our example)! In other words, the affluent be-
come those change agents who ensure that the global population aims at
respecting the climate guardrail on average (B,). The reasons for such a “di-
vision of labor for sustainability” are compelling, since the rich (i) contribute
by far the most to climate destabilization up to now, and (i1) have all the
means to adopt lifestyles (e.g., working at home office) and technologies
(e.g., electric cars) which are better for the environment. That avant-garde
move should enable the less aftluent to gain leeway in order to develop to-
wards a better living standard in due course. This means that while leapfrog-
ging unsustainable energy schemes is an option, in principle, for every
society and every individual anywhere, the responsibility for clean development
is not with the poor, but with the wealthy.

Note that humankind literally comes around in the final stage of our
sustainability cartoon (B,), where some of the more aftluent people even
pioneer negative-emissions mobility (using biofuels produced with carbon
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capture & sequestration techniques, for instance). In consequence, disparities
get reduced rather than increased. Social stretching and potential rupture is
not only avoided but reversed, and world society is closing ranks within a
safe operating space (Rockstrom ef al., 2009).

Let us end by emphasizing that great transformational changes lie ahead
of us in either case — whether we choose to pursue “business as usual” as
long as possible or to adopt “sustainable development” as soon as necessary.
“Don’t think that nothing happens, if nothing happens!”, as the German
Chancellor Angela Merkel put it recently (paraphrased from the WBGU-
Symposium 2012). Humankind is currently distorting the fabric of the cli-
mate system without fully understanding its making, thereby risking to sever
critical links and to cause major discontinuities and disruptions. Research,
science and education will play a decisive role in making the right choice,
not least by providing robust evidence about the risks and the opportunities
involved. In particular, the knowledge enterprise can outline powerful so-
lutions and strategies for reconciling nature and humanity. This will require,
however, to also transform our thinking about the world:“Problems cannot
be solved with the same mindset that created them” (Albert Einstein).
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Figure 1: The Neolithic Revolution in the Holocene. With the onset of the stable climate of the
Holocene some 12 000 years ago, small groups of human hunters and gatherers wandering the
continents were given the opportunity to settle down. They practiced agriculture and domestica-
tion of plants and animals, but also transformed their societies into a more efficient system based
on division of labor and trading. This change in life style allowed for the world population to even-
tually surpass the small number of less than a million individuals. The next major transformation
was to ignite in the mid-18" century in Britain (Figure 2).
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Figure 2: The “C-Story of Humankind”: Cumulative Human Carbon Dioxide Emissions since the
Industrial Revolution. Income, population density and cumulative emissions of carbon dioxide
have undergone a remarkably parallel development since the industrial revolution, which origi-
nated in the textile industry of Lancashire, England, around 1760 and initiated the use of coal for
manufacturing processes. The transformation of first the production and subsequently the trans-
portation sector to a carbon-based economy initially spread to Western Europe and the United
States. Later, around the beginning of the 20™ century, the cumulative emissions of Co, become
also significant for the overseas colonies and China. The current situation reflects the foundation
of modern living on fossil carbon around the globe. For an animated version please refer to the
web link in the bibliography (PIK 2013).
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Figure 3: Heat Records due to Climate Change. Record-breaking monthly mean temperatures occur
more often than could be expected from natural variability. The probability that such events in the
last decade are due to climate change is about 80% in the global average (Coumou et al., 2013).
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Figure 4: Synchronicity of Extreme Events. The Russian heat wave and the Pakistan flooding in
2010 are examples of synchronous extreme events that are tied to a blocking event in the atmos-
phere: the path of the jet stream freezes and high and low pressure systems stabilize resulting
in constant local weather conditions for several weeks.
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Figure 5: Increase in Quasi-Resonance Events. The increasing difference of surface warming be-
tween the Arctic and in the rest of the Northern Hemisphere (red line) as well as the number of
July and August resonance months (grey bars, Petoukhov et al., 2013) are associated with extreme
weather events (Coumou et al., 2014).
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Figure 6: Worldwide Historical Consequences
of ENSO Events. In the late 19"" century, around
30-50 million premature deaths in India, China
and Brazil were related to droughts and mon-
soon failures, floods and epidemic diseases.
Historian Mike Davis attributes the resulting
“climates of hunger” to the El Nifio-Southern
Oscillation (Davis 2002).
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Figure 7: A Novel Method of Forecasting El Niiio Events. The link strength S, describing telecon-
nections of temperatures between the El Nifio basin and the rest of the Pacific (red curve), can
be used as a very early warning bell for El Nifio events (blue shaded areas) ringing at least one
year ahead: If the link strength crosses a certain threshold from below (arrows) it is followed by
an ElNifio in three out of four cases (Ludescher et al., 2013, 2014).

Figure 8: The Marine Ice Sheet Instability. The Marine Ice Sheet Instability (MISI) is the process
leading to a potentially unstable retreat of a grounding line. (a) Profile of a marine ice sheet (b)
Ice flux at the grounding line in steady state (c) Stronger outflow is triggered by ice-shelf melting
and the grounding line starts to retreat. (d) Self-sustained retreat of the grounding line (IPCC WGl,
box 13.2, Figure 1, 2013).
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Figure 9: The Tipping Potential of the Antarctic Ice Sheet. Marine regions of the Antarctic ice
sheet (i.e., areas where the ice sheet rests on a base below sea level, compare Figure 8) are po-
tentially unstable. Left Panel: The marine West Antarctic ice sheet (red and orange colors) holds
enough ice to raise sea level by 3.3 meters (Bamber et al., 2009). The Wilkes Basin in East Antarc-
tic could be subject to self-sustained ice loss as well if a critical ice plug near the cost is removed
which would lead to additional 3-4 meters of global sea-level rise (Mengel & Levermann 2014).
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Figure 10: A Global Tipping Point? Methane release from ex-permafrost regions and oceanic
shelves in the Arctic due to warming is a potential trigger for a runaway greenhouse effect: A self-
enhancing process could set in because methane is a powerful greenhouse gas causing further
warming and thus enhancing methane release even more.
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Figure 11: Alternative Development Paths. In this “development cartoon” prepared for WBGU
(2014), income distribution, population development, per capita CO, emissions and wealth (rep-
resented here by the development indicator mobility) and their interrelations are all lined out for
two alternative development strategies: While the traditional development paradigm (A,-A,) pre-
scribes a shift towards a more carbon intensive lifestyle for everyone (A,), a sustainable path
(By-B,) both reduces poverty and the carbon intensity of the lifestyle of the wealthy (B,). Society
therefore has the choice to either pursue traditional development strategies with the risk of tip-
ping and breaking apart, not least because of the negative externalities of climate change (A,),
orto embrace the route to a Great Transformation, closing ranks and reaching global sustainability
for both nature and humanity (B,).
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AN OCEANOGRAPHIC PERSPECTIVE

WALTER MUNK

[ have spent my career trying to understand ocean processes such as waves,
tides, tsunamis, ocean circulation, and climate. We have learned a lot, but
we have a lot to learn. I will give a very abbreviated account of recent find-
ings. The next step is to use our understanding (limited as it may be) to de-
velop a sensible interaction with the planet and all its marine and terrestrial
inhabitants; this is the more difficult task. An absolute prerequisite is for
natural scientists to work together with those concerned with social sciences
and ethics. I am grateful to the organizers of this conference for bringing
these groups together.

1. History

Astronomers and Geophysicists began studying climate change long be-
fore the discovery of greenhouse gases. Newtonian perturbations in the or-
bits of Sun, Earth, and Moon are associated with severe, but somewhat
predictable climate changes. From 20,000 to 10,000 years ago the Earth
emerged from its last ice age. The transition consisted of melting continental
ice sheets with an attendant global sea level rise (GSR) of 100 m in 100
centuries, followed by a current relatively stable epoch. By the 20" century
GSR had slowed from 1 m/cy to 0.1 m/cy.When I first arrived at Scripps
in 1939, the prevailing view was that the ice age cycle was coming to an
end and that we were heading towards a new ice age; how clever of civi-
lization to combat this danger by releasing a little CO, into the atmos-
phere... or maybe not!

2. Variability & Prediction

By the start of the 21* century, the GSR had doubled from 0.15 to 0.30
m/cy. The traditional GSR was based on the measurements from a global
distribution of tide gauges. Tide gauge records are difficult to interpret as
the gauges are attached to the “solid” earth which moves up and down
nearly as much as the mean sea level. (In Venice, for example, the sinking of
San Marco by 0.20 m/cy needs to be added to a global 0.30 m/cy for a
total sea level rise of 0.5 m/cy;a serious consideration when evaluating the
effectiveness of the Venice Gates).
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By the end of the 20% century, the dependence on classical tide gauges was
replaced by satellite altimeters that measure sea level relative to the center of
the Earth. The observed doubling in GSR coincided with a transition of ob-
serving technique, very suspicious. Some years ago when oceanographers
switched from Nansen bottles to bathythermographs for measuring temper-
ature the ocean suddenly warmed! (It has since been proven by Australian
oceanographer John Church that the 21* century GSR acceleration was real).

Figure 1. Annual Sea Level “Fingerprint” measured by the GRACE satellite mission (Velicogna
personal communication). The removal of snow from Greenland is associated with an elastic rise
in landmass, yielding low values in the relative rise of sea level in the area. (Courtesy of Isabella
Velicogna).

The 20" century value of 0.15 m/cy was primarily due to the melting
of glaciers and continental ice sheets. Would it approach the 1 m/cy rate
experienced from 200 to 100 centuries ago? A major contribution to the
acceleration comes from the melting of the Greenland icecap, with a total
capacity of 10 m GSR (as compared to 100 m for the Antarctic). Monitor-
ing the two icecaps has become a major issue. Fortunately the GRACE
satellite configuration ofters a timely and elegant solution for accurate meas-
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urements of the change in snow mass (Figure 1). Grace consists of two
identical spacecraft flying in an identical polar orbit 500 km above the
Earth, separated by 200 km, measuring changes in the distance between
them to an accuracy of 0.01 mm. As the twin GRACE satellites circle the
globe 15 times a day, they sense minute variations in Earth’s gravitational
pull. When the first satellite passes over a region of slightly stronger gravity,
it 1s pulled slightly ahead of the trailing satellite. This causes the distance
between the satellites to increase. The first spacecraft then passes the anom-
aly, and slows down; meanwhile the following spacecraft accelerates, then
decelerates over the same point. By measuring the constantly changing dis-
tance between the two satellites and combining that data with precise GPS
positioning one can construct a detailed map of Earth’s mass anomalies.

GRACE measurements show a disturbing acceleration of Greenland
glaciers melting. A linear extrapolation yields 1,850 and 1,000 gigatons/year
loss for Greenland and Antarctica, respectively, by the end of this century.
The corresponding values of global sea level rise are 0.52 and 0.28 mm/year
for a total of 0.8 mm/years (0.8 m/century), close to the 1 m/century ex-
perienced at the end of the last ice age. But I cannot emphasize enough
that there is no physical basis for assuming a uniform acceleration; it could
be smaller, it could also be larger!

3. Feedback

The difficulty with predicting GSR is the expectation of powerful feed-
backs (negative and positive) which may cancel (or double) GSR for
decades at a time. The most immediate feedback is the polar floating ice
field, which i1s rapidly shrinking, and one of these days will lead to an ice-
free Arctic summer. When? Estimates vary between a few years (Peter Wad-
hams) and a few decades (Ola Johannessen). While the melting of
FLOATING ice does not directly aftect sea level (Archimedes Principle),
it has a powerful effect on the albedo; ice is more reflective than water. The
disappearance of the floating ice sheet is accompanied by rapid ocean
warming and acceleration in the melting of adjacent Greenland glaciers
previously discussed. On the other hand, a warmer ocean with enhanced
evaporation is associated with increased cooling by increased cloudiness.
These are conflicting feedbacks.

Then there is the problem of the melting of permafrost and the release
of trapped methane. I would not be surprised if changes in wind stress lead
to significant variations in the Gulf Stream, but I don’t know whether these
changes will be up or down. Changes in ocean circulation are associated
with rapid changes in LOCAL sea level. A fair summary is that feedbacks
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are not well understood and can lead to some big surprises. Climate change
and associated side effects are not smooth monotonic processes; their high
variability makes it difficult to persuade society to take them as seriously as
they must be taken.

4. Human Interference with Radiation Balance
There 1s a radical new development: humanity is not only the victim of

climate change; we are the perpetrators (Paul Crutzen calls the present era

the Anthropocene). As such, we have the ethical obligation to mitigate un-
favorable climate change. The temperature of the planet is subject to a very
sensitive balance between incoming and outgoing radiation. Disturbing the
balance by just a few watts per square meters significantly changes the cli-
mate. This happens naturally by well-understood orbital perturbations.

Human transgressions have now resulted in the uncontrolled release of

greenhouse gases into the atmosphere, upsetting the critical radiation balance.
I think I express the view of the majority of experts who have studied

this problem with the following statements:

* A generational transition from fossil energy to other energy sources
(solar, wind, nuclear...) is within the technological competence of our
civilization, and could go a long ways towards halting further imbalance
of the planet radiation budget.

* To accomplish this will require international collaboration on an un-
precedented scale.

¢ The restoration to pre-industrial standards and, thus, the sustainability
of our planet, depends largely on ocean mixing, which has a millennium
time scale.*

5. Closing With a Ray of Hope

I promised to end with a ray of hope. Will you permit me to speculate
along lines where others in this audience have far more experience.

Brian Tucker was one of my Geophysics Ph.D. students at Scripps in
1975.Tucker has devoted his career to the reduction of casualties from nat-
ural disasters. His company GeoHazards International has worked for 23 years
in 20 countries. I believe what he has learned is relevant to our task.

* The time scale for mixing the ocean is of the order L?/Nu where L is the ocean
mixing depth and Nu the turbulent diffusivity. For L = 1000m and Nu = 5x10° m?*/s
the time scale is 700 years!
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1. Tucker (2013) has considered the history of three severe earthquakes in
developed vs. developing countries.

Chile (developed) Haiti (developing)
1960 M(9.5): severe casualties
2010 M(8.8): 0.1% casualties M(7.0): 11% casualties

After a magnitude 9.5 earthquake in 1960, Chile embarked on a robust
earthquake safety program, developing and enforcing modern building
codes. During the same period, Haiti, lulled by two centuries of seismic
quiescence and hampered by poverty, disregarded earthquake risk.

In 2010 large earthquakes struck both countries. How did the resulting
losses compare?

* 0.1% of Chilean citizens who experienced severe shaking died.

* 11% of Haitian citizens who had experienced equivalent shaking died.

The Chilean effort had been enormously successful: their buildings were
100 times less lethal than the Haitian buildings.
2.Tucker evaluated Chile’s safety program and determined:

e The cost of PREPAREDNESS and PREVENTION was one twentieth the cost of RE-
SPONSE, RECOVERY and RECONSTRUCTION for somewhat equivalent results:
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Figure 2. Increasing urban earthquake risk for developed and developing countries (Tucker 2013).

Fifty-year increase in the population of the 25 most populous cities that are within 100 km of a
seismic fault capable of generating a Mag 7 earthquake (Courtesy Science Magazine).
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Figure 3. Coastal housing in Port-au-Prince, Haiti, a developing country.

3. Figure 2 shows the total population since 1950 of “developing” and “de-
veloped” cities, selected from the world’s 50 most populous cities that are
located within 100 km of a fault capable of generating an earthquake with
M 27. Over the past 60 years, the number of people exposed to strong
earthquake shaking in cities in developed countries has grown from 25 to
70 million, in developing countries from 15 to 240 million! Accounting
for changes in both population and the quality of seismic-resistant con-
struction suggests that over this period, the relative earthquake risk for cities
in developing countries, compared to that of cities in developed countries,
has increased by 2 to 3 orders of magnitude. Figure 3 (Port-au-Prince) is
an example of such a megacity in a developing country.

Figures 4 and 5 depict two selected sites at LOW and HIGH TIDES

The tidal rise in sea level is well predicted, providing a six-hour window
for a leisurely evacuation.

Large tsunamis can be of equivalent amplitude, but they are not yet pre-
dictable and the time for evacuation is short. Think of the dry and flooded
coastlines pictured above as being separated by an interval of only 15 min-
utes! We need to make progress in earthquake and tsunami predictions and
develop tsunami-warning systems with designated escape routes. Some low-
lying areas are building mounds to which people can more readily escape.
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LOWTIDE at 1 P.M. HIGH TIDE at 5:50 P.M.

Figure 4. St. Mary’s Lighthouse, Whitley Bay, Northumberland, 17 and 20 September 2008 (Pho-
tos by Michael Marten).

LOW TIDE at 12 Noon HIGH TIDE at 8 P.M.

Figure 5. Perranporth, Cornwall, 29 and 30 August 2007 (Photos by Michael Marten).

At the opposite extreme is an equivalent rise in sea level associated with
global warming. The evacuation time is now measured in centuries, giving
adequate opportunity for an orderly and fiscally responsible transition. Low
lying areas should be converted from dense housing to parklands with
flood-resistant vegetation.

Multimega coastal cities in developing nations are a disaster waiting to
happen. Here again, Preparedness and Prevention are far more effective and
affordable than emergency response.
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CAN WE “SAVE” THE OCEAN?

Nancy KNowLTON

From Unbounded Optimism to Overwhelming Despair

When people first settled the coasts, near the dawn of mankind, the
ocean was both a source of food and a source of fear. With time, the fear
decreased, the benefits grew, and the ocean became a great highway linking
the continents, a source of great wealth as its riches were extracted, and a
convenient rubbish dump. Throughout these many millennia it was incon-
ceivable that humans could change the ocean through their activities — it
was simply too vast. In 1884, Thomas H. Huxley wrote that “Probably all
the great sea-fisheries are inexhaustible; that is to say that nothing we do
seriously affects the number of fish...”. Even as late as 1955, “The Inex-
haustible Sea” was written by Francis Minot.

And vast the ocean still is, covering 71% of the earth’s surface and rep-
resenting perhaps 95% or more of the habitable biosphere, numbers that
become achingly real when we try to find the remains of a jet lost on the
ocean floor.Yet despite its almost incomprehensible size, the ocean is now
a strikingly difterent place from that experienced by our distant and even
more recent ancestors, thanks to our actions. Indeed, it is so different that
we find it difficult to imagine how it once was — a place where cod could
be scooped out in baskets and sailors could navigate by the sounds made
by turtles. Our failure to recognize how much the ocean has changed is
due to the phenomenon of shifting baselines — we redefine what was “nor-
mal” (and hence how much has changed) based on how the world was dur-
ing childhood (Jackson ef al. 2011).

It is only recently, thanks in part to the new field of historical ecology, that
we have begun to grasp what we have lost. Today, in the era now known as
the Anthropocene, we live with an ocean much diminished by our actions:

* The vast majority (perhaps 90%) of predatory fish have been taken from
the ocean (Myers and Worm 2003).The consequences spread far beyond
the fish — the loss of their vital roles in ecosystems have caused coral
reefs to be smothered by seaweeds and seagrasses to succumb to disease
(Jackson et al. 2001).

* Entire habitats are under threat, with 35% of mangroves (Valiela et al.
2001),61% of living coral (Jackson 2008), 29% of seagrass beds (Waycott
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et al. 2009), and 85% of oyster beds (Beck et al. 2011) severely damaged

or gone.

* Thanks to nutrient pollution, dead zones so devoid of oxygen that almost
nothing can live have proliferated around our coastal seas, at last count
numbering more than 400 (Diaz and Rosenberg 2008).

+ Invasive species brought to foreign shores by aquarists, aquaculture and
ships have spread to all but 16% of marine ecosystems (Molnar et al.
2008), with lionfishes eating what few fish remain in the Caribbean, and
smothering seaweeds taking over the Mediterranean.

* The oceans are getting inexorably warmer (0.4° C since the 1950s)
thanks to the emissions of carbon dioxide, with consequences already
seen in shifting species ranges and coral reefs that bleach and die (Doney

et al. 2012).

* A substantial proportion of the carbon dioxide released to the atmos-
phere has already dissolved in the ocean, causing ocean acidity to rise
by 26% (Doney et al. 2012), and studies suggest more profound changes
will come in the future (Fabricius et al. 2014).

* Although complete extinctions have to date been limited in the ocean,
perhaps no more than 21 species in total (del Monte-Luna et al. 2007),
many species are effectively extinct in terms of the ecological roles that
they play, and untold numbers may already be doomed due to “extinc-
tion debts”.

* And last but certainly not least, human welfare has suffered, including
an economic loss of 50 billion US dollars annually from mismanaged
fisheries alone (World Bank and Food Agriculture Organization 2008).

The seemingly never ending onslaught of bad news about the ocean has led
to a profound attitude shift in the public and even among many marine sci-
entists over the last half century, from unbounded optimism to overwhelming
despair. Indeed we seem to have gone from thinking that the ocean is too
big to hurt to thinking that the ocean is too big, and too far gone to help.

Moving Beyond the Obituaries

A number of years ago, I founded the Center for Marine Biodiversity
and Conservation at the Scripps Institution of Oceanography. The center-
piece of the educational program was a 10-week summer course, which

182 | Sustainable Humanity, Sustainable Nature: Our Responsibility



CAN WE “SAVE” THE OCEAN?

we kicked oft with horror stories about the ocean. Year after year, we
watched our eager young charges mentally (if not physically) slump in their
chairs, as the scope of destruction was painted in grim detail.

Eventually I started to question the wisdom of what we were doing. The
contrast between human medicine and conservation (or planetary medi-
cine, if you will) was striking — medical students are taught how to make
and keep people healthier while we were teaching our students how to
write ever more refined obituaries of nature.

Others working in the field of conservation have also come to the con-
clusion that messages of doom and gloom do not, on their own, motivate
people to behave in a more nature-friendly fashion (Knight 2013) — recog-
nition of a problem needs to be coupled with ideas or examples of solutions.
Nevertheless, it is doom and gloom that still dominates too much of the
conservation conversation. This is perhaps unsurprising in the public realm,
where “if it bleeds, it leads” remains the prevailing dictum in the newsroom.
It is perhaps more surprising that even professionals in the field of ocean
conservation are often unaware or at least silent on the subject of the many
successes that have occurred. Indeed, at times it seems as if a reverse form
of the shifting baselines syndrome is at work, where we forget how bad
things once were.

And so began the “Beyond the Obituaries” project, collecting stories of
success in ocean conservation, and it is a sampling of these that I wish to share
with you today. These stories of success are important not only as a source of
inspiration and guidance for those who wish to bring the ocean back to
health. One critical lesson we have learned is that because the ocean suffers
from multiple stressors, tackling those that can be addressed now, in particular
local problems such as overfishing and pollution, can provide a measure of
resilience to those threats that are tougher in the short term to reduce, in par-
ticular the rising concentrations of carbon dioxide in the atmosphere.

So while I am by no means oblivious to the enormous threats that still
face ocean life and ecosystems, I would prefer to focus on elements of the
positive. Perhaps most importantly for this particular gathering, some of the
most striking examples of success come from small groups of people with
little money succeeding through the power of community in bettering the
health of the ocean and their own well-being. Below I review some of the
strategies being used to protect and restore the health of the ocean.

Protecting Species

Hunting and fishing of ocean life was the first way humans substantially
affected the ocean, and harvesting remains the most influential of all human
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impacts (Jackson ef al. 2001). In our history we have first sought out big
creatures, and because big creatures often reproduce slowly, they are very
vulnerable to humans with spears, harpoons and guns. Some did not survive
the onslaught — the great auk, the sea mink, and the Caribbean monk seal
are no longer with us. Steller’s sea cow was exterminated a mere 27 years
after its discovery (Turvey and Risley 2005).

Yet some of most striking success stories concern these large charismatic
species (Lotze ef al. 2011). There are numerous examples of success stories
in groups as diverse as whales, turtles, seabirds and sharks, although as Lotze
and colleagues stress, recovery can take decades in long-lived species and
complex ecosystems, some species fail to recover in response to conservation
measures, and only rarely have “pristine” numbers been regained. In some
cases harvesting has been largely or entirely banned because numbers were
so critically low or because public attitudes about hunting specific types of
organisms shifted (e.g. marine mammals, some shorebirds).

Most recently, wildlife scarcity has shifted the economics of harvesting
such that organisms are now much more valuable alive than dead (e.g. An-
derson et al. 2011, although with some unfortunate counter examples in
highly prized fishes like the bluefin tuna). Where hunting is inadvertent
and species are being killed accidentally as bycatch, changes in fishing tech-
nologies can help, although good relationships among fishers, scientists and
managers, monitoring and enforcement are required for success (Cox et
al. 2007).

We are currently in the midst of a fascinating change in the attitudes to-
ward and actions associated with the protection of sharks. Shark numbers
have been decimated, in large part associated with the lucrative trade in
shark fins, made worse by the fact that sharks, unlike fishes, typically have
very slow reproductive rates. Fins were once de rigueur for any high-pres-
tige Asian banquet, but alarm at plummeting numbers and disgust with the
practice of dropping finless-but-still-living sharks back into the ocean to
slowly die is creating an environment of rapid change. Bans in shark fishing,
shark finning, and the sale of shark fins have been increasing around the
world. Particularly on coral reefs where tourism dollars can dominate the
economy of developing countries, sharks have been shown to be far more
valuable swimming than in a net (a single shark in a popular dive site has
been estimated as worth $35,000 annually, and in the Maldives shark-based
ecotourism contributes >30% to the Maldive’s GDP; Gallagher and Ham-
merschlag 2011). But even in areas where shark tourism is not a major ac-
tivity, appealing to environmental ethics has been a powerful tool at a variety
of scales, ranging from cities to countries.
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Protecting Spaces

Marine Protected Areas, or more broadly ocean zoning, is a key com-
ponent of many if not most marine conservation plans. The general logic
is relatively straightforward, although the details often are not. But put sim-
ply, the concept is that just as on land, in the ocean we need to protect some
places completely and regulate human activities in others. The problems
stem from 1) trying to determine the best mixture of activities for what
areas, 2) getting local cooperation, without which enactment and compli-
ance is effectively impossible, and 3) determining how to make such plans
financially sustainable. It remains the case that only a small fraction of the
world’s ocean habitat is truly protected, and about 60% of the ocean remains
outside of any Exclusive Economic Zone (EEZ) (Orbach 2003).Yet this is
an area of many successes as well.

The Great Barrier Reef (GBR) of Australia is often touted as the gold
standard of ocean zoning. The product of years of negotiations with stake-
holders, in 2003 a zoning plan that protected more than 33% of the marine
park from all fishing was announced. In many ways the GBR 1is a success
story (McCook et al. 2010). In particular, devastating outbreaks of crown
of thorns starfish are lower, and numbers of fish and abundance of coral has
increased in no-take areas.Yet despite the large area protected (exceeding
the 30% that is often cited as an optimistic goal for the world as a whole),
there are still signs of trouble, particularly in areas close to human popula-
tions. Notably, there has been a 50% loss of live coral cover between 1985
and 2012 due to a large extent to cyclones, coral bleaching, and predation
by crown of thorns starfish, the latter probably fueled by nutrients from
agricultural runoft (De’Ath et al. 2012). This illustrates that particularly in
areas with large rainfall, linkages between land and sea require that adjacent
lands be managed as well. Recent controversial approval of an expanded
coal port within the park also illustrates how successes need constant sup-
port, as there is always the potential for things to get worse again.

The story of Cabo Pulmo, Mexico presents an interesting counterpoint
to the story of the GBR (Aburto-Oropeza et al. 2011). In this case a small
village banded together thanks to the visionary leadership of a local leader,
who became convinced that unsustainable fishing was destroying their future.
The Cabo Pulmo Marine Park was established in 1995, and by 2009 fish bio-
mass had increased by 463%; notably, during the same time interval there
were no increases in fish biomass for the federally managed marine parks.
These biological outcomes were accompanied by a substantial increase in
local income as well. The latter was driven primarily by small-scale tourism,
which in 2006 generated 18,000 USD per capita for the 30 people involved,
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an amount significantly above the per capita Gross National Income of Mex-
ico. Now a UNESCO World Heritage Site, it still remains, like the Great Bar-
rier Reef, vulnerable, ironically in this case due to its own success, with
continuing pressure to build mega-resorts in the immediate vicinity.
Replicating the successes of these marine protected areas is a widely held
goal in marine conservation. The biggest challenge 1s often determining how
to weather the initial declines in local incomes associated with protection be-
fore the benefits of recovered fish populations and tourism are established. For-
tunately, the benefits often exceed the costs within as little as five years (Sala et
al. 2013), with benefits derived from both increased catches and tourism; the
latter typically exceed the former where dive-related tourism is feasible.

Harvesting for the future

Although protecting species and the places where they live from human
harvesting are important strategies for marine conservation, they cannot be
the only solution.The sea is a critical source of protein for over two billion
people, and managing that harvest sustainably is an essential challenge to
meet. Here too there are welcome examples of success.

Fisheries experts have long known that harvesting at moderate rates
yields higher returns and a stable future. The problem has been achieving
these sustainable harvest levels through mechanisms that are broadly accept-
able to fishing communities. One approach has been the issuing of indi-
vidually owned fishing rights, often referred to as catch shares, much as taxis
are regulated in some cities through the issuance of taxi medallions. A wide-
ranging review of this strategy suggests that catch shares can have substantial
beneficial eftects (Costello et al. 2008). There are, however, governance chal-
lenges associated with such things as setting the appropriate prices and num-
bers of permits based on stock assessments.

In developing countries, centrally controlled eftorts to manage fishing
levels are often less successful, and data are also often inadequate (Costello
et al. 2012). In such cases Territorial Users Rights for Fishing (TURFs) and
fisheries cooperatives have in a number of cases proved remarkably success-
tul. A well-documented example is that of the Chilean fisheries for locos,
a small but highly prized intertidal snail that became severely overfished.
With the establishment of locally managed fisheries, however, numbers have
rebounded and are indeed as high in areas managed by TURFs as they are
in no-take areas (Gelcich et al. 2010). Moreover, other aspects of ecosystem
health have improved as well.

Making fishing less destructive 1s also a strategy for conservation success.
Sea floor trawling is the poster child of destructive fishing, and many chal-
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lenges remain (Puig ef al. 2012). However, the selective banning of gill nets
in the near shore waters of coastal California has led to several impressive
recoveries (Pondella and Allen 2008).The use of fish traps in tropical waters
that allow small or narrow fish to escape or for traps to decompose if lost
(to eliminate ghost fishing) has considerable potential (e.g. Johnson 2010).

On land, we have largely replaced hunting and gathering with agriculture,
and in the ocean aquaculture is an increasingly important source of marine
food, providing close to 50% of the world’s seafood. Unfortunately, many of
the initial aquaculture efforts caused considerable problems of their own, in-
cluding local pollution and overfishing of food for aquacultured species. Now,
however, methods in many places have greatly improved, with the potential
to safely reduce pressure on wild stocks. This has led to calls to use a variety
of methods to encourage aquaculture sustainability (Bush ef al. 2013).

Reducing Pollution

Pollution is often the first thing that comes to mind when people are
asked about threats to the environment. Oil spills, because of the spectacular
scenes of death and destruction that result, are often listed by the public as
the number one threat to the ocean. Similarly, photographs of dead seabirds
whose guts are filled with cigarette lighters, ignite widespread disgust and
increasing attention to the problem of plastic marine debris (Derraik 2002).
Beach clean-ups are popular activities, but clearly this is a problem that
needs to be addressed at the source. In 2002 in Ireland, a 15 Euro cent tax
was introduced and resulted in a 90% reduction in the use of plastic bags,
as well as associated reductions in litter, and has been popular with the pub-
lic as well (Convery ef al. 2007). Plastic bag bans or taxes are increasingly
spreading throughout the US and elsewhere.

DDT was once one of the most damaging pollutants globally, but it is
now banned in many parts of the world.The toxic crisis caused by this pes-
ticide was described by Rachel Carson in Silent Spring,a book that in many
ways launched the environmental movement in the United States. Birds at
the top of the food chain suftered catastrophic nest failures because accu-
mulated DDT caused thinning of eggshells. The power of Carson’ book led
to a banning of the use of DDT in the US in 1972, and with it the recovery
of many birds, including the magnificent fish-eating osprey (whose recovery
was also aided by other restoration efforts) (Henny ef al. 2010).These birds
are so common now that they are unremarkable, and today many people
are unaware of how perilously dire their situation once was.

One of the biggest pollutants in coastal seas are things that in small
amount aren’t harmful at all, namely nutrients. The widespread application
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of large amounts of fertilizers even far from the ocean has led to eutroph-
ication and dead zones. These are places where nutrients fuel an explosion
of single celled algae in the plankton that then die and become food for
bacteria, which in turn suck all the oxygen out of the water. Around the
world the numbers of dead zones — places where oxygen is so low that no
complex animal life can survive — is currently tallied at over 400 (Diaz and
Rosenberg 2008). Though the numbers of dead zones continues to increase,
there are moves afoot to limit the flow of nutrients into rivers and hence
the sea. One particularly simple strategy is to plant strips of forest along
rivers and streams, where they suck up the nutrients before they get to the
water (Committee on Environment and Natural Resources 2010).

Restoring Habitats

Marine communities are often structured by what are called ecosystem
engineers, the large organisms that create the three-dimensional structure
upon which other organisms depend. When organisms like seagrasses, shell-
fish, mangroves, or corals disappear or are greatly reduced, meaningful con-
servation depends on restoring these critical organisms. Once restored, the
rest of the community can often rebound unaided. This may seem simple,
but untold millions have been spent on failed restoration eftorts. The first
rule of thumb is that whatever was responsible for the loss of the engineers
in the first place must be eliminated first. In some cases, conditions must
even be hyper-restored (that is made more favorable than they were previ-
ously) or restored in a large scale fashion, because a state change has oc-
curred that impedes recovery.

For example, elimination of oysters results in large, silty expanses that
can be easily stirred up, smothering any new oysters that naturally recruit
or are placed in restoration efforts. As a consequence, restoration must be
done on a large scale, creating substantial three-dimensional structure in
order to overcome the changed situation (Schulte ef al. 2009). After decades
of decline, genuine success in oyster and other shellfish restoration is being
seen. These efforts have the advantage of not only returning a complex
habitat but also filtering and cleaning seawater that flows over these biogenic
reefs. Restoration typically depends on not only replacing the organisms
that have been lost, but also restoring the conditions that favor their growth
and reproduction. Pollution abatement and fishing controls are thus often
components of restoration eftorts.

Sometimes habitat restoration involves not rebuilding depleted species
but rather eliminating invasive ones. This is hard to do, unfortunately, and
essentially impossible once invasive species have become established. The
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overwhelming of native seagrass beds in the Mediterranean by the invasive
alga Caulerpa, and the rapid establishment of the invasive lionfish throughout
Caribbean waters are but two examples. An ounce of prevention is worth
a pound of cure.

Why Reducing Local Impacts Now Matters

I have focused in this paper on threats that can be reduced by local ac-
tions. This is not to demean the extraordinary severity of global threats, in
particular the consequences of increasing concentration of carbon dioxide
in the atmosphere. But reducing local threats makes it easier for organisms
and communities to deal with the effects of global change, either by in-
creasing resistance or resilience. For example, unstressed coral reefs appear
to be better able to resist disease and to have larger numbers of juvenile
corals, suggesting higher potential recovery rates from disturbances that can-
not be prevented (Sandin et al. 2008). Thus local actions buy marine or-
ganisms, communities, and the humans that depend on them valuable time,
while the global community slowly coalesces around the challenges asso-
ciated with switching from a carbon-based economy. The more we can en-
courage taking such local actions, the more time we will have. In the end,
then, this is a matter of replicating small solutions to achieve a global scale.
Entities that work at local scales have an enormous role to play in facilitating
this process, so that conservation becomes a global passion rather than an
elite pastime.
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TROPICAL FORESTS,
FOR RICHER AND FOR POORER

JEFFREY R. VINCENT

This chapter provides an economic perspective on the importance of
tropical forests to global humankind. It starts by reviewing trends in global
forest areas, to provide context for the issues discussed in subsequent sections
of the chapter. Important trends include not only the outright loss of forest
cover, or deforestation, but also a second trend that has been overshadowed
by deforestation, forest degradation. The chapter then discusses the eco-
nomic importance of tropical forests, both to the citizens of the countries
where they are located and to the rest of the world. That discussion em-
phasizes several points: the industrial forest sector’s typically small share of
GDP belies the substantial contribution of tropical forests to household in-
comes in poor rural areas; tropical forests provide global public goods related
to climate stabilization and biodiversity conservation; and tropical forests
are increasingly concentrated in higher-income developing countries,
which is raising the value that domestic populations within tropical coun-
tries place on protecting their forests. The chapter closes by reviewing ev-
idence on the eftectiveness of the three main types of programs that have
been implemented to reduce tropical deforestation and degradation: pro-
tected areas, community management rights, and payments for ecosystem
services. The main conclusions are that the evidence base is narrow and that
research on the effectiveness of forest conservation programs needs to
broaden its geographic scope, consider impacts on not only deforestation
but also degradation, and become more economic in the sense of evaluating
the benefits and costs of programs and not only their impacts measured in
physical terms.

Although the chapter focuses on tropical forests, available information
often pertains to forests in developing countries, not all of which are in
the tropics. The overlap between tropical regions and developing regions
is close enough, however, that any errors that result from basing inferences
about tropical forests on information about forests in developing countries
are likely to be inconsequential, at least for the issues considered in this
chapter. And in any event, throughout the chapter I will make clear the
types of forests to which I am referring: tropical, developing-country, or
otherwise.
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Trends in tropical deforestation and degradation

Global forests face two major threats, deforestation and degradation. De-
forestation refers to the conversion of forests to other land uses, mainly agri-
culture. During 2000-2010, a net total of 5.3 million hectares of forest was
converted to other uses annually, for a deforestation rate of 0.13% per year
(Table 1). With one exception (Australia), all of the countries with large
losses in forest area during this period were tropical developing countries
(FAO 2010Db, p. 21). At a pantropical level, large-scale and small-scale agri-
culture were about equally important drivers of forest conversion 1990-
2000 (UNEP, FAO, and UNFF 2009, p. 22). Large-scale agriculture for such
crops as oil palm, rubber, and soybeans was relatively more important in
Asia and Latin America, while small-scale agriculture for subsistence and
cash crops was relatively more important in Africa.

Degradation results mainly from the harvesting of forests for timber and
fuelwood. Harvesting, on its own, generally does not result in deforestation
in the sense of complete and permanent loss of tree cover (Geist and Lam-
bin 2001). A harvested forest contains fewer trees than the original forest,
however, and its ecological processes may take decades or even centuries to
recover (Rey Benayas ef al. 2009). In these senses, it is in a degraded state
compared to the original, pre-harvest forest. The best available global meas-
ure of forest degradation is the loss in area of primary forests: “forests of na-
tive species in which there are no clearly visible signs of past or present
human activity” (FAO 2010b, p. 11). Primary forests are also known as vir-
gin or old-growth forests. As of 2010, about a third of the world’s forests
were primary (FAO 2010b, p. 26), with most of the area being in the tropics
(FAO 2010b, p. 55). During 2000-2010, global primary forest area declined
by 4.2 million hectares annually, or 0.37% per year (Table 1). As with de-
forestation, most of the decline occurred in tropical developing countries.
Note that the global hectarage degraded according to this measure was not
much less than the global hectarage deforested during the same period:
degradation ran nearly neck-and-neck with deforestation in absolute terms.
But because most of the world’s forests are not primary, degradation out-
raced deforestation in percentage terms.

Degradation shows fewer signs of slowing down than deforestation does.
In both absolute and relative terms, deforestation was much lower during
2000-2010 than 1990-2000, when global forest area declined by 8.2 million
hectares annually, or 0.20% per year. The chief explanation for the slowing of
global deforestation between the two decades is a reversal of the trend in
forest area in Asia, from net loss to net gain: mainly in China, but also in India
and Vietnam (FAO 2010b, p. 18, 21). In contrast, degradation barely slowed
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Table 1. Status and trends in total forest area and primary forest area. Source: FAO (2010b, Tables
2.3, 2.4, 3.1, and 3.3).

a.Total forest area
Region Area (2010)  Change: 2000-2010  Change: 1990-2000
million ha million ha/yr — %/yr  million ha/yr — %/yr

Eastern & Southern Africa 268 -1.84 -0.66 -1.84 -0.62
Western & Central Africa 328 -1.54 -0.46 -1.64 -0.46
East Asia 255 +2.78 +1.16 +1.76 +0.81
South & Southeast Asia 294 -0.68 -0.23 -2.43 -0.77
Central America 19 -0.25 -1.19 -0.37 -1.56
South America 864 -4.00 -0.45 -4.21 -0.45
World 4033 -5.21 -0.13 -8.32 -0.20

b. Primary forest area

Region Area (2010)  Change: 2000-2010  Change: 1990-2000

million ha million ha/yr — %/yr  million ha/yr — %/yr
Eastern & Southern Africa 6 -0.06 -0.88 -0.06 -0.78
Western & Central Africa 28 -0.52 -1.66 -0.50 -1.47
East Asia 25 -0.17 -0.46 -0.11 -0.63
South & Southeast Asia 81 -0.35 -0.29 -0.24 -0.41
Central America 4 -0.05 -1.52 -0.07 -0.98
South America 624 -3.10 -0.46 -2.96 -0.46
World 1102 -4.67 -0.37 -4.19 -0.40

between 1990-2000 and 2000-2010: the decline in global area of primary
forests during 1990-2000 was 4.7 million hectares annually, or 0.40% per year.

Economic importance of tropical forests

From an economic standpoint, deforestation and degradation are “prob-
lems” only if forests matter to human well-being. Conventional national ac-
counting measures suggest that global forests contribute little to global
economic output. According to estimates reported in FAO (2009, p. 70), the
sum of value-added in roundwood production (i.e., timber harvesting), wood
processing (e.g., lumber, plywood), and pulp and paper processing accounted
for just 1% of global GDP in 2006. Moreover, this percentage has declined
fairly steadily since 1990, when it was about 1.5%. The forest sector would
thus appear to be a small and declining sector of the global economy.

Conventional national accounts do not record all of the economic con-
tributions of forests, however. The amounts just cited refer only to the value-
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added associated with harvesting and processing wood and wood fiber as
industrial raw materials. Forests provide many other goods and services in
addition to this (Fig. 1 in Croitoru 2007). For example, fuelwood accounts
for about the same global harvest volume as does timber (FAO 2010a, p. 7),
but its value is not fully reflected in GDP because it is often a subsistence
product collected by local households. Forests are also a source of many
other subsistence products, including game, wild fruits, and medicinals.Vil-
lagers, pastoralists, and ranchers in countries around the world graze live-
stock in forests. Forests provide a variety of nonextractive services; for
example, they serve as locations for recreation, and they protect water qual-
ity. Some forest-related services are global public goods. Two that have at-
tracted particular policy attention are carbon sequestration, which helps
mitigate global climate change, and biological diversity, whose sheer exis-
tence can be valued by individuals in other parts of the world who never
expect to visit the forests that harbor it.

Valuing nontimber goods and services

The development of theoretically sound methods for valuing nonmarket
goods and services has been one of the central concerns of environmental
and resource economists for the past half-century (Miler and Vincent 2005,
Freeman, Herriges, and Kling 2014). Many studies have applied these meth-
ods to tropical forests. A late-2013 search of forest-related keywords (“for-
est”, “rainforest”, “woodland”, “trees”, “endangered species”) in the leading
global database on valuation studies, the Environmental Valuation Reference
Inventory (EVRI; www.evri.ca/Global/Home.aspx), returned 117 studies
having been conducted in developing countries. Already two decades ago,
Lampietti and Dixon (1995) conducted a global review of the much smaller
number of forest valuation studies that had been conducted in developing
countries at that time, along with similar studies conducted in developed
countries. They found that the sum of nontimber values was about the same
as timber value in developing countries and about twice the timber value
in developed countries (Table 2). Hence, the total economic value of forests
was about two to three times the timber value.

The most rigorous cross-country forest valuation study to date is prob-
ably a study of countries in the Mediterranean region by Croitoru (2007).
That study is worth considering here despite its nontropical focus, because
it attempted to value an even wider range of nontimber goods and services
than did the studies available to Lampietti and Dixon, adding carbon values
and grazing values to the list. Due to the combination of these additional
nontimber values and a smaller estimate of timber values, it reported a
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Table 2. Relative importance of timber and nontimber values within total economic value of forest-
land. Source: author calculations, based on information presented in indicated sources.

Good or service Lampietti & Dixon (1995): Croitoru (2007):
Developing Developed Mediterranean
countries  countries countries
Timber 50% 33% 20%
Fuelwood and minor forest products 31% 0% 25%
Grazing n.e. n.e. 10%
Recreation, sport hunting, fishing 7% 56% 17%
Watershed services 5% 5% 11%
Carbon sequestration n.e. n.e. 5%
Passive use (option and existence values) 7% 7% 13%

n.e.: not estimated by authors.

higher ratio of total value to timber value than did Lampietti and Dixon:
about five (Table 2).The results of these two studies suggest that the annual
global economic contribution of the world’s forests, inclusive of nontimber
values, can be crudely estimated by multiplying the global GDP share cited
earlier by a factor of two to five. The resulting estimate remains very small,
just 2-5 % of global GDP. Forests still appear to be relatively unimportant
in macroeconomic terms, even after accounting for nontimber values.

Tropical forests and rural livelihoods

This crude estimate might well be accurate at a global level, but it is a
highly misleading indicator of the economic importance of forests in spe-
cific locations. In particular, forests can be very important to human well-
being at a local scale in rural areas of tropical countries. The Economics of
Ecosystems and Biodiversity (TEEB), which is a global initiative hosted by
the United Nations Environment Program (UNEP), has usefully compared
conventional GDP shares for the aggregate agriculture, forestry, and fisheries
sector to estimates of the “GDP of the poor”, which focuses on the con-
tributions by forests and other local ecosystems to the livelihoods of poor
rural households in those countries (TEEB 2010, p. 15). TEEB reported es-
timates for three large developing countries, Brazil, India, and Indonesia.
The conventional GDP shares ranged from 6% to 17%, but the shares for
the “GDP of the poor” were much larger: 47% in India, 75% in Indonesia,
and 89% in Brazil. The numbers of people involved were large too: accord-
ing to TEEB’s estimates, 20 million in Brazil, 99 million in Indonesia, and
362 million in India.
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Other evidence confirms that forests are important to local livelihoods
in developing countries. The fact that fuelwood accounts for half of global
wood harvest hints at forests’ major role as a local energy source. Solid bio-
mass, mostly fuelwood, accounts for more than 40% of household energy
consumption in most countries in Sub-Saharan Africa and many countries
in Central America and Southeast Asia (UNEP, FAO, and UNFF 2009, pp.
30-31). As of 2000, nearly two billion people in Asia and more than half a
billion people in Africa relied on biomass for cooking and heating (UNEP,
FAO, and UNFF 2009, pp. 31).

The Poverty Action Network of the Center for International Forestry
Research (CIFOR) recently completed a comprehensive study on the con-
tribution of forests to total household income (including subsistence) in rural
areas of tropical and subtropical developing countries (Angelsen ef al. 2014).
The study surveyed nearly 8,000 households in more than 300 villages in
24 tropical and subtropical countries. All the villages had moderate to good
access to forest resources, which characterizes many villages in tropical and
subtropical countries. The mean share of forest income was 10-40% in most
of the villages. Forest income was split about equally among three product
categories — fuelwood (including charcoal), food and medicinals, and building
materials (somewhat small than the other two categories) — and it was about
five times larger than income from other local environmental sources, such
nonforest wildlands (grasslands, bushlands, wetlands), fallows, and wild plants
and animals harvested from croplands (Table 3).

Tropical forests and global public goods

The forest sector’s small share of conventional global GDP therefore ob-
scures the great importance of tropical forests to rural households. It also
obscures the large contributions of these forests to two global environmental
public goods: the stability of the earth’s climate, and the preservation of bi-
ological diversity. According to the latest report of Working Group III of
the Intergovernmental Panel on Climate Change (IPCC 2014b, p. 7), forests
accounted for about a tenth of global greenhouse gas emissions in 2010.
Most of these emissions were from deforestation and forest degradation in
tropical countries. In fact, forests in temperate and boreal regions of North
America and Eurasia have been net carbon “sinks” for decades, due to ex-
panding forest areas and growth of the trees within them (UNEP, FAO,
UNEFF 2009, p. 36).

Tropical and subtropical moist forests (“rainforests”) are the most biologi-
cally rich terrestrial ecosystems in the world, providing habitat for some 20,000
known vertebrate species (UNEP, FAO, UNFF 2009, p. 39) and millions of
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Table 3. Sources of total household income in rural areas of tropical and subtropical countries.
Source: Angelsen et al. (2014, Table 1).

Income category Global Africa Asia Latin America
Environmental 27.5% 30.1% 22.0% 32.1%
Natural forests 21.1% 20.5% 18.4% 28.5%
Other ecosystems 6.4% 9.6% 3.7% 3.6%
Crops and livestock 41.0% 43.9% 42.3% 30.2%
Wages 15.2% 10.7% 17.6% 22.6%
Other 16.3% 15.3% 18.1% 15.1%

invertebrate and plant species. Other types of tropical and subtropical forests
provide habitat for fewer but still large numbers of vertebrate species, about
7,000 for dry broadleaf forests and 4,000 for coniferous forests. Although these
numbers are smaller than for tropical and subtropical moist forests, they are
larger than for the corresponding forest types in temperate and boreal zones:
about 4,000 species for temperate broadleat’and mixed forests, 3,000 species
for temperate coniferous forests, and only 1,000 species for boreal forests. The
risk of species extinctions is higher in tropical forests than in temperate and
boreal forests for the same reasons that carbon emissions are higher in tropical
forests, namely higher rates of deforestation and degradation.

Policy debates about greenhouse gas emissions and biodiversity losses in
tropical forests have tended to focus more on deforestation than does forest
degradation. This is perhaps natural, given that deforestation entails more
dramatic ecological changes than degradation does. A degraded forest is still
a forest, after all. The global environmental impacts of forest degradation in
the tropics are attracting increased attention, however. This is apparent from
the evolution of the acronyms for the United Nations’ lead initiative to re-
duce greenhouse gas emissions from tropical forests. This initiative was ini-
tially known as RED, for Reduced Emissions from Deforestation. It then
took a tentative step beyond deforestation by becoming RED (D), with the
parenthetical “D” standing for degradation. It fully embraced degradation
in 2008, when it became simply REDD.

Research confirms that the degradation of tropical forests can have a
large impact on both greenhouse gas emissions and biodiversity losses. The
most careful large-scale comparison of greenhouse gas emissions from trop-
ical deforestation and degradation is probably a study by Asner ef al. (2010)
in the Peruvian Amazon. The study took detailed carbon measurements in
a landscape spanning 4 million hectares by integrating data from satellites,
airborne sensors, and field plots. It found that degradation was responsible
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for a third of forest-related greenhouse gas emissions during 1999-2009,
with deforestation responsible for the balance.

The best available information on the effects of deforestation and degra-
dation on tropical biodiversity is a meta-analysis by Gibson et al. (2011),
which analyzed 138 studies conducted at 92 sites in 28 tropical countries.
It confirmed that primary tropical forests contain significantly more biodi-
versity than not only sites that have been deforested (active and abandoned
croplands, pastures, and plantations) but also ones that have been degraded
(selectively logged forests, secondary forests, agroforestry). According the
measure that Gibson ef al. developed to compare the disparate biodiversity
indicators reported in the original studies, the eftects of deforestation ranged
from 0.5 to 1.1 while the effects of degradation ranged from 0.1 to 0.7,
with larger values indicating greater biodiversity losses and the median effect
across all types of disturbance being 0.5.

Tropical countries and the value of public goods from forests

Unlike the rural poor who benefit from the contributions of tropical
forests to their livelithoods, many of the beneficiaries of global public goods
provided by tropical forests live in Europe, North America, and other de-
veloped regions, outside the countries where the forests are located. This
is the rationale for programs like REDD and the Global Environment Fa-
cility, which channel funding from developed countries to developing
countries in support of projects that reduce deforestation and degradation.
A major concern within the global conservation community is that inter-
national flows of funding are below the amounts required to achieve the
2020 biodiversity protection targets set by the UN Convention on Bio-
logical Diversity (UNEP 2012), in addition to being below the commit-
ments made by developed countries at the 1992 Earth Summit (Miller,
Agrawal, Roberts 2012). UNEP (2012) estimates that a total investment
of $74-121 billion is required during 2014-18, while Miller, Agrawal, and
Roberts (2012) estimate that the actual flow of biodiversity aid has aver-
aged $1.1 billion since 2002.

The fact that global environmental public goods associated with tropical
forests have beneficiaries outside tropical countries does not mean that they
do not also have beneficiaries within those countries, however. Information
in the latest report of [IPCC Working Group II (IPCC 2014a) indicates that
tropical countries will benefit greatly if dangerous levels of climate change
are avoided. They will avoid losses in agricultural productivity, increased
morbidity and mortality from climate-related illnesses, and damage to
coastal cities from sea-level rise.
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In the case of biodiversity, in a recent paper my coauthors and I draw
attention to the increasing concentration of tropical forests in relatively
wealthier developing countries and the resulting impact on forest protection
values (Vincent et al. 2014). As of 2010, countries that the World Bank clas-
sifies as upper-middle-income (UMI) — the “richest” developing-country
tier — accounted for about half of total forest area across all tropical coun-
tries. They accounted for an even larger share of primary forest area in trop-
ical countries, 80%. Only nine tropical countries were in this group in 1990,
but the number had grown to 27 by 2010.To be sure, most tropical coun-
tries are not in this group, and even UMI tropical countries have large num-
bers of poor households. Yet, it is more and more misleading to equate
“tropical countries” with “poor countries.”

My coauthors and I investigated the implications of this trend for forest
protection values and conservation finance by compiling and analyzing in-
formation from a large number of cross-country datasets and our own large-
scale population survey in Malaysia. We found evidence that demand for
forest protection by the populations of tropical countries has risen signifi-
cantly as incomes have grown in these countries. More interesting, we found
evidence that the increased public demand has outstripped increases in the
creation and funding of protected areas. People in tropical countries, espe-
cially UMI tropical countries, want more forest protection than their gov-
ernments are supplying. This imbalance suggests that domestic funding
raised within UMI tropical countries could play a larger role in closing the
funding gap for tropical forest conservation.

Results of the Malaysian survey reveal that citizens of that particular UMI
country value forest protection to a large extent because they value the preser-
vation of threatened and endangered species found in the forest. They value
forest protection even when it does not benefit them more directly, for ex-
ample by enhancing recreational opportunities or mitigating floods (although
they value those uses, too). This “passive use” value is different from the more
tangible contribution of tropical forests to household livelihoods, which is
also important in poor rural areas of Malaysia. Tropical forests can thus benefit
both richer and poorer households in the developing countries where they
are found, though not necessarily for the same reasons.

Addressing tropical deforestation and degradation

Programs aimed at reducing tropical deforestation and degradation fall into
three major categories: protected areas, community management rights, and
payments for ecosystem services. Each of these programs encompasses a larger
forest area than it did twenty years ago. Protected areas restrict the use of forestland
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to varying degrees, in some cases prohibiting conversion but allowing timber
harvesting (e.g., national forests) and in other cases prohibiting both activities
(e.g., national parks). During 1990-2010, the area of forests designated for pro-
tection of biodiversity increased by about a tenth in Africa, a third in Asia, and
more than a factor of two in South America (FAO 2010a, p. 6). Community
management rights aim to strengthen incentives for sustainable forest management
by giving local communities more authority to determine who is allowed to
use the forest and how they can use it (Ostrom 1990, Baland and Platteau 2003).
During 1990-2005, the area of public forest managed by local communities
nearly quadrupled in developing countries, approaching 200 million hectares
(FAO 2010Db, p. 126). Nearly all of this increase occurred in South America.
Payments for ecosystem services (PES) compensate forest owners for refraining from
converting or harvesting forests, depending on the specific PES program, with
the payments coming from beneficiaries of ecosystem services provided by the
forests (Engel, Pagiola, and Wunder 2008). UN-REDD is an example of a
global PES program aimed at tropical forests. Most domestic examples within
tropical countries pertain to watershed services. As of 2011, there were 113 ac-
tive watershed payment programs in developing countries, with another 53 in
development (Bennett, Carroll, and Hamilton 2013, pp. x-xi).

Evaluating program impacts

Determining the impact of forest conservation programs is important
for designing more effective responses to deforestation and degradation, but
it is not easy (Ferraro and Pattanayak 2006, Joppa and Pfaff 2010). One can-
not simply compare the deforestation rate in a particular location before
the introduction of a program to the rate afterwards, because an observed
decrease in the deforestation rate could be due to other factors. For exam-
ple, introduction of a program might happen to coincide with a weakening
of demand for agricultural commodities, which made conversion of forests
to agriculture less profitable. For similar reasons, one cannot simply compare
the deforestation rate in the program location to the rate in a location where
the program has not been implemented. The two locations might differ in
ways besides the presence or absence of the program, and one or more of
those difterences could also influence the rate.

Economists have developed a suite of methods that address these chal-
lenges for programs in general (not specifically conservation programs) and
isolate the impact of a program from other factors that potentially confound
it (Ravallion 2008; Imbens and Wooldridge 2009).These impact evaluation
methods are being increasingly applied to forest conservation programs. A
recent review of such applications by Miteva ef al. (2012a) turned up several
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pertinent findings, all of which point toward the evidence base for conser-
vation effectiveness being narrow and somewhat shaky. The total number
of applications to forest conservation programs is still small, less than a dozen
studies for each of the three program categories. Studies on PES programs
cover just three countries, all in Latin America. The situation is little better
for protected areas: in-depth studies have been conducted for just four
countries, two in Latin America and two in Asia, in addition to a couple of
broader-brush cross-country studies. African applications of impact evalu-
ations exist only for community management rights. The literature is also
narrow in terms of the conservation outcomes evaluated. No study has eval-
uated the impact of a given program on both deforestation and degradation.
In fact, no study has evaluated the impacts of protected areas or PES pro-
grams on degradation;' all of the studies on protected areas and PES pro-
grams have evaluated impacts only on deforestation.

Given the narrowness of this information base, caution is required when
drawing general conclusions about the effectiveness of forest conservation pro-
grams. Miteva ef al. (2012a) conclude that evaluations of protected areas “seem
to suggest that PAs [protected areas] are effective at stalling deforestation” (p.
75), at least in terms of achieving “modest reductions” (p. 69). Evidence is “less
consistent” (p. 79) for community management rights, where there is “limited
evidence” of a “positive impact on forest degradation” (p. 75;1.e., the programs
reduced degradation), and PES programs, where studies “tend to find reduced
deforestation and increased reforestation” (p. 77) but with the effects on de-
forestation being smaller than for protected areas (p. 79).

It is therefore currently not possible to state with any confidence the rel-
ative contributions of different forest conservation programs on the substantial
reduction in tropical deforestation that occurred between 1990-2000 and
2000-2010.This task is made more difficult by the time periods analyzed by
many of the studies that have evaluated these programs being restricted to
just a few years during the 2000s (see Tables 1 and 2 in Blackman 2013). It is
even less possible to say anything definitive about the role of these programs
in reducing degradation, which most of the studies have ignored.

Making impact evaluations more economic

Impact evaluation research has the potential to generate insights that
can make forest conservation programs more effective, but to achieve this

! One study on protected areas examined impacts on forest fires, a proxy for degra-
dation.

202 | Sustainable Humanity, Sustainable Nature: Our Responsibility



TROPICAL FORESTS, FOR RICHER AND FOR POORER

potential it must broaden its scope in terms of the countries considered,
the time periods analyzed, and the outcomes evaluated (in particular,
degradation in addition to deforestation). It also needs to change in another
way: it must become more economic (Vincent, in review). It must consider
the benefits and costs of the programs evaluated and not just the programs’
impacts on physical outcome measures such as area deforested, which is
the normal practice. The reason physical measures are inadequate is
straightforward: a program that reduces deforestation by only a small
amount could still be economically justified if the forest thereby preserved
provides goods and services whose value exceeds the program’s costs. By
the same logic, a program that reduces deforestation less than an alternative
program could still be the better program if its benefits exceed its costs by
a greater margin.

The potential discrepancy between physical and economic outcome
measures is related to the heterogeneity of tropical forests. I have alluded to
heterogeneity at several points in this chapter: for example, in the distinction
between primary forests and other forests, differences in species numbers
across different types of tropical forests, and varying contributions of forests
to rural livelihoods. Heterogeneity affects both the benefits that tropical
forests provide to humans and the costs of protecting or managing forests
to supply those benefits. A study by Pattanayak and Kramer (2001) on a re-
forestation program in Ruteng National Park in Indonesia provides a dra-
matic example of the influence of forest heterogeneity. The authors
investigated the effect of reforestation on streamflow available for use by
farmers downstream from the park. They found that the effect varied greatly
across the 37 watersheds in the park: it increased streamflow by large
amounts in some watersheds and by small amounts in others, it actually de-
creased streamflow 1n about half of the cases. Clearly, a meaningful evaluation
of the reforestation program would need to account for the fact that refor-
estation sometimes benefited farmers and sometimes harmed them (and
this is what Pattanayak and Kramer did). Information on just the program’s
impact on area reforested would serve little purpose.

Miteva et al. (2012a) report that the focus of impact evaluation research
on forest conservation programs is shifting toward the consideration of het-
erogeneous eftects. This shift is in the right direction. Their review also ofters
evidence that this research has not entirely ignored economic outcomes: sev-
eral studies have measured the impact of protected areas on poverty in their
vicinity. This outcome measure is obviously an important one, given the role
of forests in rural livelihoods. Almost entirely missing from the literature, how-
ever, 1s the measurement of outcomes related to any of the forest-related val-
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ues that motivate the creation of conservation programs in the first place: to
pick the three most obvious examples, carbon sequestration, biodiversity pro-
tection, and watershed services. A pair of studies on Indonesia by Miteva et
al. (2012b, ¢) 1s a rare exception. The literature also sufters from “a glaring lack
of cost data” (Ferraro, Hanauer, Miteva et al. 2013, p. 6).

Much work remains to close the gap between the impact evaluation re-
search that has been done on forest conservation programs and the more
economically relevant research that is needed to understand the effectiveness
and efficiency of these programs and how they can be improved. Closing
this gap is vital, given the value of tropical forests to human populations

both in the countries where they are found and beyond.
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THE PROMISE OF MEGA-CITIES:
MOVING FROM DESPAIR TO HOPE
Urban Informality and the Favelas of Rio de Janeiro

JANICE PERLMAN

“Change is not only a question of doing
things better but of doing better things”"

Living the urban reality

It is widely accepted today that cities are a positive force in global de-
velopment and that the future of the planet depends on the future of its
cities. Urban life provides opportunities to do things better and to do better
things. It holds the promise of improving the quality of life for the migrants
and, even more so, for their children and grandchildren.

Global urbanization is the expression of freedom of choice — it is rural
people “voting with their feet” by coming to cities to start life anew — often
risking all they have to do so.While the growth of cities in Western Europe
and the Americas has leveled oft, the growth of cities in Asia and Africa is
still rising and is re-shaping our geo-political, social and environmental land-
scape. Cities are growing by some 70 million people a year or 1.4 million
people a week. That means that a city the size of the size of Venice is added
every day and one the size of Munich is growing anew every week. Cur-
rently over 51% of the world’s population is urban and that percentage is
expected to grow to 60% by 2030 and 70% by 2050.

This is good news for several reasons. The concentration of people in
dense urban agglomerations frees up land for other uses, as opposed to
sprawling suburban subdivisions that eat up land, raise the costs of infra-
structure networks and the delivery of social services and increase pollution
through home to workplace commuting. The urban half of the world’s 7
billion inhabitants occupies only 2.7% of the land area of the planet. This
frees up more space for feeding our population (which is also taking up less
land area as technologies improve) and for natural habitats, which are prov-
ing so vital to our survival.

! Aleem Walji, Director, Innovation Labs, WBI, author of Striking Poverty.
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There is also a strong correlation between the degree of urbanization
and the level of economic development and between the rate of urbaniza-
tion and the rate of growth in incomes and per capita GDP.

After decades of denial, it is now undeniably clear that virtually all the
world’s population growth in the coming decades will be urban growth in
the cities of the developing countries. And that growth will be concentrated
in self-built shantytowns, squatter settlements and slums, known as informal
settlements. There are already one billion people living in these stigmatized
communities and their numbers are expected to double by 2030 and triple
by 2050.This means that in just over one generation, one out of every three
people on the planet will be living informally — either within the city limits
or on the urban peripheries.

These informal settlements fill a pressing need. Neither the private housing
market nor the public sector has been successful in providing shelter for new
migrants at prices within their reach. They have to fend for themselves by
finding unused land and building their homes and communities as best they
can.The informal sector grows not because residents are getting “free” public
housing or urban amenities, but because cities, especially mega-cities, offer
greater choice and opportunity. As this author and others have been arguing
since the 1960s, squatter settlements are not the problem, they are the solution.

Shacks on invaded lands currently house about 40% of the urban pop-
ulation in developing countries. To accommodate the anticipated popula-
tion growth over the coming decades will require 35 million units per year
or some 96,150 additional homes per day. These will largely be self-help
structures built on vacant land, off the street grid and without urban infra-
structure or city services.

Research has shown the persistent failure of public policy efforts to
stem the tide of city-ward migrants or limit urban growth. Those who
come are often the most able with the highest aspirations and achievement
needs. Policies such as rural development, closed city policies, zoning re-
strictions, growth poles and new capital cities have proven unsuccessful in
keepin ’em down on the farm once they’ve seen the equivalent of Paris on
their TV. Investment in rural electrification, roads and factories only speeds
up the outmigration to the largest cities. Closed city policies work only in
“command and control” states such as Cuba, Russia, China, and South
Africa during apartheid — and even there, not very effectively. All of them
had or have large “floating” populations — unregistered individuals and
families — living below the radar.

This means that the “city-as-citadel” is increasingly being beset by the
perceived irritation of sharing space with poor migrants from the country-
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side — and their families. They share not only physical space but economic,
political, cultural, social and ecological space as well, despite all eftorts to
prevent this. Due to proximity they share the air they breathe, the water
they drink, and the soil, including any contaminants that pollute them when
so many people are excluded from water, sanitation and solid waste man-
agement. [ron grates may provide a sense of safety but no such barriers sep-
arate rich and poor from environmental ills.

As a consequence, cities are deeply divided and beset by conflicting
claims over whose interests will be served. The struggle over the contested
territory and assets of the city and its surroundings is the core issue, played
out in public policy and popular protests, whether in terms of access to
housing, land, education, health care, transportation or green space. But the
city is not a zero sum game, and there are myriad opportunities to expand
the pie and distribute its fruit more widely if the short-term demands of
the electoral cycle and “impatient capitalism” are overridden by the long-
term benefits of social peace, economic growth, and conviviality resulting
from an inclusive city.

Experience shows that there is a 25-year lag time between ideas and im-
plementation. It took decades for research on urbanization and squatter
communities to be reflected in public policy. From the 1960s research
showing that squatter removal and relocation to public housing was a dis-
aster to the first on-site upgrading project by the World Bank took over a
decade (1972) and it took another 15 years for national and local govern-
ments to follow suit. With the mounting challenges facing cities today we
cannot afford to wait another generation for new knowledge to inform the
decision-making process.

Our collective ability to integrate informal communities into urban, life
and to include the energy and intelligence of their residents as part of the
solution, will determine the security and prosperity of our urban future.

Tapping into the potential of the new urban citizens

Mega-cities, those urban agglomerations with ten million people or
more, are the most attractive to city-ward migrants and their energy has a
strong magnetic pull. As size increases, opportunities proliferate, new kinds
of jobs are created and new opportunities appear. As shown in the map
below, there are 26 mega-cities today and another 10 about to join the club.

In large cities throughout Asia, Africa and Latin America, squatter settle-
ments have been growing and continue to grow at a faster pace than the city
as a whole, starting in the post WWII years. Depending on the level of ur-
banization, this growth is due to different combinations of incoming migrants
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and natural reproduction. In either case,local authorities are confronted with
increasing deficits in housing, infrastructure, and urban services.

With limited municipal budgets and regional natural resources reaching
the limits of their carrying capacity, the one resource that is in abundance
is being overlooked — that is human capital. Growing cities are filled with
job seekers who are unemployed or underemployed. As I laid out in my
earlier book, The Myth of Marginality, the new urban migrants are not the
proverbial “bottom of the barrel” but the “cream of the crop” — the ones
with the smarts, motivation and aspirations to try something new. They
were called “marginal elements” but they were actively marginalized by sys-
temic stigma and exclusion. In fact they were the ones who often worked
the longest hours for the lowest wages under conditions that other workers
would not tolerate.

One policy opportunity is to see how to re-combine the constrained
budgets and natural resources with the abundant human talent to create a
virtuous cycle. A good example of this is the Zabaleen in Cairo that turned
two problems — lack of income and too much garbage — into a solution. By
separating the garbage and selling it to intermediaries in bulk, they earned
pennies on the ton, but when they turned it into crafts through weaving,
metalworking or melting and casting, they provided livelihoods for the entire
community, reduced garbage, replaced donkeys with trucks for solid waste
collection and enabled the residents to build decent housing and send their
children to school. Other such innovative approaches can be found in every
large city if the search is done at the grassroots level and they can be supported
by public policy or scaled up by other communities who adapt the idea. In
fact, that is precisely the process that we facilitate through our transnational
non-profit organization, The Mega-Cities Project, Inc.

Since the recent election of Bill de Blasio as Mayor of NYC, there have
been numerous articles in the New York Times, Financial Times, Wall Street
Journal, and The Economist about the “tale of two cities” and the negative
effects of inequality. For those of us who have worked in international urban
development over the past several decades, this is not news. We know first
hand the opportunity cost of marginalizing the energetic go-getters and
creative problem-solvers living in “irregular settlements”.

Blocking the natural evolution from shantytowns to thriving working
class communities and perpetuating the “divided city” is detrimental to
urban development and stability. Excluding the urban poor means lost of
labor power, productivity; consumer spending and participatory democracy.
It also erodes public safety, personal security and resilience to climate
change. Urban inequality and lethal violence are related — to have safe streets
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The Poverty-Environment Nexus: 6 Lessons from 20 Mega-Cities

(1) There can be no global ecological sustainability without urban ecological sus-

tainability.

* Concentration of the human population in cities is a necessity. Not only do
the economies of scale create energy and resource efficiencies, but also, if the
entire landmass of the planet were divided into individual household plots,
there would be no space left for either agriculture or natural wilderness areas.

e Circular rather than linear systems: As cities concentrate pollution and envi-
ronmental degradation, transforming the urban metabolism through circular
rather than linear systems is the key to reversing our global environmental de-
terioration. We need to re-use our water and waste streams, and utilize what is
now discarded as productive resource.

(2) There can be no urban environmental solution without alleviating poverty. The
urban poor tend to occupy the most ecologically fragile areas of our cities, such as
steep hillsides, low-lying swamplands, or adjacent to hazardous industries. In addi-
tion, their lack of resources often prohibits them from having adequate water,
sewage, or solid waste management systems. Without alternative locations and in-
come for basic needs, their survival will be pitted against environmental needs.

(3) There can be no lasting solutions to poverty or environmental degradation
without building on bottom-up, community-based innovations. Since creativity
was not distributed along lines of race, class, or gender, experts and policymakers
are not always the best source of system-transforming innovations. The most cre-
ative and resource-efficient solutions to urban problems tend to emerge at the
grassroots level, closest to the problems being solved. And, without local partici-
pation in implementation, even the best ideas are doomed to failure.

(4) There can be no impact of scale without sharing what works among leaders
and scaling up into policy. While small may be beautiful, it’s still small and the prob-
lems are enormous. In order to have meaningful impact, micro-initiatives need to
be replicated across neighborhoods and cities through peer-to-peer learning or
incorporated into public policy frameworks.

(5) There can be no urban transformation without changing the old incentive sys-
tems and “rules of the game”. Since every sector of urban society holds a de facto
veto on the others, local innovations can never achieve scale with cross-sectoral
partnerships involving government, business, NGOs, academia, media, and grass-
roots groups. We need to create a climate conducive to experimentation, mutual
learning, and collaboration.

(6) There can be no sustainable city of the 21st Century without social justice and
political participation, as well as economic vitality and ecological regeneration.
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and a secure investment climate, a city needs to embrace conviviality, not
add more police.

Research on natural disasters, such as hurricanes, shows that the speed
and success of recovery is not determined by wealth or governing institu-
tions, but by the degree of community cohesion and civil society organi-
zation. Creative breakthroughs in music, art, theater, design and film often
arise from “alternative spaces” and become the vanguard for mainstream
cultural trends, not only in their own cities but nationally and internation-
ally. The creative city combines large scale, high density, diverse populations
in close proximity to one another, freedom to fail and reward for risk. We
need the “other” for stimulation and new ways of thinking.

Urban innovations don’t always come from large budgets, from financing
“exposure visits” or from the elaborate hosting of delegations from other
cities. Many of the breakthroughs are home grown from the bottom up and
then taken to scale. But to me the greatest price for exclusion is the loss of
the intellectual capital that will be critical to solving the complex problems of
our times. Ignoring the brainpower of the bottom billion of the world’s pop-
ulation may be the greatest liability of exclusion. We cannot aftord to “throw
away”’ this potential or miss it through lack of opportunity.

Only by working towards inclusive cities can we move towards safe and sus-
tainable cities that can attract investment and create a convivial quality of life.
The linkages between cities, environment and poverty are shown in the box.

The Case of Rio de Janeiro, Brazil

Latin America is the most urbanized region in the world with 77% of
its population living in cities. Brazil is the most urbanized country in the
region and in the world, with 84% of its population living in cities (com-
pared with the United States which has 80.5).The growth of Brazilian cities
in the decade from 2000-2010 slowed down to 1.63%, while favelas grew
at an annual rate of 4.2%, increasing Brazil’s favela population from 6.5 to
11.4 million people. There are 161 countries in the world with national
populations lower than the favela population in Brazil.

Each of the nine metropolitan regions of Brazil has sizeable favela popu-
lations, but Rio has the dubious distinction of having the largest number of
favelas, favela residents and favela sizes. Rio has about 1,200 identifiable favelas
that have been clustered into 763 larger complexes. They house roughly 1.4
million residents, which is 23% of Rio’s population. The next largest favela
population is in Sao Paulo, which has 1,280,400 favela residents.

Rio’s urban growth spurt began in the 1950s and since then the growth
of favelas has outpaced the growth of the city as a whole in every decade.
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The one exception was the 1970s when an estimated 700,000 people were
forcibly evicted from their favela communities under the policies of the
military dictatorship. Even as Rio’s growth rate slowed to barely 3% in the
past decade, the favela population grew by 28%.

Re-democratization at the end of the dictatorship in 1985, turned favela
removal into a political liability as political parties and candidates competed
for votes. Eradication policies gave way to on-site upgrading. The Favela-
Bairro program, launched in Rio in 1995, became widely known as one of
the most ambitious upgrading programs worldwide. The program invested
US$180 million to integrate favelas into the fabric of the city through infrastructure
upgrading and service increases. It reached 253,000 residents in 73 small and
mid-sized favelas.

The new Constitution of 1988 and the City Statute in 2001 guarantee
the right to decent housing and introduced the “right to the city” and man-
dated participatory planning at the local level. In fact in Sao Paulo, squatters
occupying an abandoned office building in the decaying downtown re-
cently won a court case enabling them to stay, based on the right to the
center of the city.? Here again, Brazil was positioned as a leader of progres-
sive urban policy.

More recently two massive urban investments have been made in Rio’s
favelas — the PAC (Program for Accelerated Growth) and the UPP (Units
of Pacitying Police). Initiated in 2007, at the height of Brazil’s economic
surplus, PAC invested US$306 billion over three years to solve long-overdue
infrastructure issues as well as prepare for the upcoming mega-events, the
World Cup coming up this June, 2014, and the Olympics in 2016. Its Slum
Upgrading component in Rio is targeted to the largest favela complexes,
but is a source of controversy since the residents have no voice in how the
funds will be used. The second phase, PAC 2, began in March 2010, with
funding of US$582 billion from 2011 to 2014.

The UPP, meaning “Units of Pacifying Police”, was initiated in 2008 by
Rio’s Governor Sergio Cabral and his State Public Security Secretary, Jose
Beltrame, with the goal of the state re-taking control of the favela territories
from the drug traffic. This is carried out through the full time occupation
of the favelas by trained and armed military police. It has now reached 38
favelas at expenditure of about $360 million dollars annually.

> The New York Times, Immigrants Stir New Life Into Sao Paulo’s Gritty Old Center,
Simon Romero, April 14,2014 continues with the story of a decadent city center.
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Today, some twenty years after the start of Favela-Bairro, and considering
all of the investments over the past few years, we are seeing the fragility of
tavela claims, particularly for those in desirable locations proximate to the
sites for the World Cup and Olympics. The residents are once again engaged
in a desperate struggle against eviction. This 1s happening now in the oldest
favela in Rio, the Morro de Providencia, and in several other favelas located
next to the sites of the sports events. Just as this article was being written
the demolition began in a favela called Vila Autodromo, which has been
fighting for three years for the right to remain and working with university
students and NGOs. Their alternative plan for on-site consolidation and
upgrading recently won the Deutsche Bank Urban Age Award, but
nonetheless, the bulldozers are there.

[ wrote a poem a few years ago to express what cannot be conveyed by
research alone:

Why I love favelas

Favela is life; favela is love. Favela is freedom, friendship and feijoada. Favela
is people persevering. It is laughter and tears, life and death — only a hairs’-
breadth apart. It is a place where the unexpected is expected and spontaneity
is the norm. It is not all pain, poverty, and passivity. It is people living their
lives amid a civil war.

Giving Voice to the Disenfranchised

When I was an undergraduate anthropology student I did fieldwork in
rural villages in the Northeast of Brazil. I was trying to understand how
young people develop their worldview and aspirations for their lives. What
I discovered was a dramatic change with the introduction of the transistor
radio into these villages, which happened while I was there. From then on,
all the young people could talk about was going to the big city “where the
action was”. That set me on a course of a forty-year study, starting with my
doctoral research in 1968-"69 by following migrants as they came into the
city of Rio de Janeiro.

During that time I lived in three of Rio’s favelas for six months each. Work-
ing with a group of Brazilian students, I interviewed 750 people: 200 randomly
selected men and women (16-65 years old) and 50 leaders in each location.
This was at the height of the military dictatorship in Brazil. In fact, I had to
flee the country towards the end of the study, when I learned I had been ac-
cused of being “an international agent of subversion”, the only possible expla-
nation of why an American would be spending so much time in favelas.

The findings from that study became the basis of my book, The Myth of
Marginality (University of California Press). I kept in touch with the friends
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I had made there and the families in whose homes I had lived. Thirty years
later I embarked on a re-study, which began with the painstaking location
of the surviving study participants. Using some unconventional methods, I
was able to find 41% of the 750 original study participants.

Our re-encounter was a powerful emotional experience on both sides.
It was joyful and poignant. We laughed and cried. People had gone through
alot in these 30 years and were eager to tell their stories and be heard. They
wanted to bear witness, to give testimony, to be understood.

They were also excited to see me again, the young “hippie-looking”,
“hard-working” American who had lived among them and shared their
daily lives at a time when even bus and taxi drivers were afraid to stop too
near to their communities. They were eager to learn about my life story.
Was I married? Did I have children? Where was I living? What was I doing?

With a team of Brazilian researchers, I re-interviewed each of them,
using an updated form of the same survey instrument and life history ma-
trix. Then we interviewed 368 of their children (who were about the same
age as the original sample in ’68) and 208 of their grandchildren.

One of the first observations was that the favelas had not been a trap,
but for many, a stepping-stone towards formality. Only 1/3 of the original
participants had remained in the favela where I had met them; about a
fourth had been removed to public housing when their community had
been eradicated. By the grandchildren’s generation, about half were living
in the formal sector, either as renters or as owners in peripheral areas.

It was also obvious that there had been enormous gains in the individual
consumption of household goods and in the collective consumption of urban
services. Almost all of the houses had electricity and running water, indoor
toilets (although not necessarily connected to a sanitation system) and nearly
all were made of permanent building materials. Many homes even had air
conditioners, plasma T'Vs, washing machines and other amenities.

There were also impressive gains in educational levels. Illiteracy de-
clined from 72% of the fathers and 94% of the mothers of my original
sample, to 45% among them, to 6% among their children to ZERO
among their grandchildren. A fourth of the grandchildren had completed
Secondary School as compared to none of the original interviewees; and
11% were at university. But, these gains were not fully reflected in their
jobs: whereas 85% of children had more education than their parents, only
56% had better jobs. And there was higher unemployment. As the graph
below shows, after the first 3 years of school, the income gap between
people in favelas and in the rest of the city grew with every additional
year of schooling.
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That is one reason why in the re-study, people were less likely to say
that education was the key to a successtul life and much more likely to say
WORK — whether informal or formal. The stigma of living in a favela was
a strong barrier to being hired. In fact, over the generations stigma by skin
color and gender decreased radically, but the stigma of place remained high
— the highest basis for discrimination. That was only made worse by the
drug-related violence that started growing into the favelas after the return
of democracy in 1985.The turf wars among competing drug gangs and the
battles between the gangs and the police (less well armed) led to an ex-
traordinarily high level of deaths. About 20% of the people interviewed
had lost a family member to homicide.

The fear of removal had been replaced by the fear of dying in the crossfire
by what Brazilians call a “bala perdida” — lost bullet. This led to a drastic drop
in community unity and in the level of trust in ones neighbors; factors that
had helped people cope with daily difficulties of life on the edge. People ab-
sorbed the ideology of democracy but were only pseudo-citizens as police
neither protected them nor acknowledged their rights under the law. The
young people who are the best educated and the most likely to have Internet
access are the most cynical about politics and the least participatory.

In my new book, Favela: Four Generations of Living on the Edge in Rio de
Janeiro (Oxtord University Press), I trace these patterns showing them
through the lives of the people and families who I am closest to in each
community. The last chapter is about the quest for personhood and dignity.
The sense of exclusion has gotten worse over time, not better. One of my
friends from the first study put it this way:

Janice, when I first met you, I thought that if I got a good job, worked hard,
married well, limited my family to two children, gave them a good education,
and continued to work after retirement, that I would be gente. But I did all
of that and I am “light years away”.

One of the key challenges for our urban future is to master “The Art of
Inclusive Cities’ and make sure that the “invisible” young men and women
in the slums of today, are treated as “gente” so that they may become our
leaders tomorrow.
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GLACIERS AS SOURCE
OF WATER: THE HIMALAYA

ANIL V. KULKARNI

Introduction

The Himalayan region has one of the largest concentrations of glaciers.
Major rivers such as Indus, Ganga, Brahmaputra and their numerous trib-
utaries originate from the glacier bound terrain. The contribution of gla-
cier melt in annual stream runoft is substantially higher in Indus basin as
compared to Ganga and Brahmaputra (Immerzeel ef al., 2010, Singh and
Jain 2014). However, well-developed canal network in the Indus basin
produces almost 96% and 26% of food production of Pakistan and India
respectively (RBI report 2011, Khan et al., 2010). Therefore changes in
runoff pattern in Indus basin due to melting glaciers can significantly in-
fluence the water and food security of India and Pakistan. Recent studies
suggest that rapid mitigation of Green House Gas (GHG) emission i.e.
shift from RCP 8.5 pathways to RCP 2.6 could help in conserving Hi-
malayan glaciers and also help in maintaining present pattern of stream
runoft (Chaturvedi et al., 2014).

Observed changes in Himalayan glaciers

In Indian Himalaya, glacier inventory is carried out by numerous agen-
cies and based on data as topographic maps, aerial photographs and satellite
images. Our best estimate for areal extent of glaciers in the Indian Himalaya
is 25,0411+1726 sq. km (Kulkarni and Karyakarte 2014). In the Himalaya,
the glacier covered area is approximately 60,054 sq. km (Bajracharya and
Shresta, 2011). The estimated total glacier water stored in Indian Himalaya
is 3600 to 4400 Gt (Kulkarni and Karyakarte 2014).

The observations on glacier retreat and possible reasons behind these
changes are important to assess future changes in the Himalayan glaciers.
In Himalaya, extensive investigations have been carriedout to estimate the
loss in glacier length and areal extent. The long-term retreat of 81 glaciers,
where position of terminus is measured using field data, suggests mean re-
treat of 6211468 m between year 1960 to 2000 (Kulkarni and Karyakarte
2014). The large standard deviation suggests large variation in the glacier
retreat in different regions (Figure 1).
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Figure 1. Location of glaciers and amount of retreat between 1960 and 2000. The data suggest
that except three, all remaining glaciers are retreating. Limited field data is available in Karako-
ram, Bhutan and Arunachal Pradesh.

The loss in area is mapped for almost 11,000 sq. km in the Himalayan
(Figure 2). The studies suggest almost 4-30% overall loss in glacier area in
the last 40 years, depending upon numerous terrain and geomorphological
parameters. The field and satellite based investigations suggest that most of
the glaciers in the Himalaya are retreating except in Karakoram (Tobias et
al., 2012; Scherler et al.,2011). However, conclusions based on monitoring
of only the snout could be misleading, as slope and length can influence
retreat, even if loss in mass is the same. This was used to explain differential
rate of retreat of Zemu and Gangotri glaciers (Venketesh ef al., 2011). In
addition, if glacier snout is covered by debris, it can decrease melting at the
snout but continue to have increased melting at higher altitudes leading to
fragmentation or disintegration of glaciers (Kulkarni ef al.,2007).This phe-
nomenonhas now been observed not only in the Himalaya, but also in other
parts of the world (Zemp et al., 2009).

In order to understand changes in rate of retreat in Indian Himalaya, we
have undertaken a program to monitor glacier changes in Baspa and Tista
Basins in western and eastern Himalaya, respectively. The investigation has
shown that the rate of retreat has accelerated in the present decade. In the
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Figure 2. Glacial area loss (%) in different regions of the Himalaya from 1960 to 2000. The loss
in glacier area is estimated using satellite images. The name of basins and regions are 1. Bhut, 2
Zasker, 3 Kang Yatz Massif, 4 Warwan, 5 Miyar, 6 Bhaga, 7 SamudraTapu, 8 Chandra, 9 Parbati,
10 Baspa, 11 Bokriani, 12 Bhagirathi, 13 Alaknanda, 14 Naimona’nyi region, 15 Mt. Everest region,
16 AXo10, 17 Sagarmath national partk, 18 Tista, 19 Bhutan Himalaya.

Western Himalaya increase in temperature and decrease in snowfall was ob-
served, suggesting influence of global climate change (Shekar ef al., 2007).
However, retreat could have also been influenced by regional factors, in ad-
dition to global climate change. A total glaciated area of 173 km? was
mapped in Baspa Basin (Fig 3). In year 2009, Baspa region experienced ex-
tensive forest fire and northern Indian biomass burning resulting in depo-
sition of black carbon. The mean drop in reflectance due to deposition of
black carbon in the accumulation area was observed to be 21+5% and max-
imum drop as high as 50+5% resulting in accelerated rate of retreat. The
study suggested that anthropogenic activity can influence glacier mass bal-
ance (Kulkarni ef al., 2013). In case of Sikkim, a total glaciated area of 202
km? was mapped. The rate of retreat was observed to be higher in present
decade. This acceleration is possibly due to the formation of glacier lakes.
The presence of debris and subsequent differential melting has resulted in
the formation and expansion of supraglacial lakes. Further, the merging of
these lakes over time has led to the development of large moraine-dam
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lakes (Basnett ef al., 2013). These investigations suggests that in addition to
temperature and precipitation changes, regional factors like formation of
moraine dammed lakes and deposition of black carbon are playing impor-
tant role in glacier retreat.
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Figure 3. The rate of retreat in Baspa Basin was observed to be 0.45% per year between 1962 to
1998 and it has increased by 1.55 times after 1998 i.e., 0.83% per year.

Glacial response to climate change

The response of glaciers to the ongoing climate change is complex and
the impact of projected climate change on KH glaciers is poorly under-
stood. An erroneous statement by the Intergovernmental Panel on Climate
Change (IPCC) on the fate of Himalayan glaciers further highlighted this
knowledge gap.Therefore, this study focuses on the potential future changes
in glacial mass balance in the KH region, where now reliable glacier inven-
tory data is available. The impact of future climate change on the glaciers
in the Karakoram and Himalaya (KH) was investigated using Coupled
model inter-comparison project model (CMIP5) multi-model temperature
and precipitation projections and a relationship between glacial accumula-
tion-area ratio and mass balance. CMIP5 based climate change projections
over the KH region were estimated under difterent Representative Con-
centration Pathways (RCP) for 2030s, 2050s and 2080s

The study provided a ‘broad order-of-magnitude’ estimate of the glacial
mass balance towards the end of the 21 century. The current 1.e., year 2000
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Figure 4. Glacier mass balance for year 2000 and the impact of climate change on the glacial
mass balance of Karakoram-Himalaya under RCP2.6 and RCP8 for year 2030, 2050 and 2080
(Chaturvedi, 2014).

glacial mass loss was estimated as -6.6+£1Gt yr. The mass loss is projected to
increase to -12+1 and -14.4£1 Gt yr-1 in 2030s, and -12£2 and -35.5%2
Gt yr-1 in 2080s, under the RCP 2.6 and RCP 8.5 scenario, respectively.
The analysis clearly suggests that a rapid mitigation of Green House Gas
emissions 1.e. a shift from the RCP 8.5 pathway to RCP 2.6 could prevent
more than 16% of the KH glaciated area from ‘eventual disappearance’ to-
wards the end of this century. Therefore, present pattern of stream runoft
and availability of water resources could be largely maintained, if lower
emissions pathways are followed in future.
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THE POLAR REGIONS

PETER WADHAMS

In a time of universal deceit, telling the truth becomes a revolutionary act
George Orwell

I underestimated the risks. The planet and the atmosphere seem to

be absorbing less carbon than we expected, and emissions are rising pretty strongly.
Some of the effects are coming through more quickly than we thought then

Lord Stern (Observer, London, 27 Jan 2013, at 2013 World Economic Forum)

Abstract

The Arctic sea ice cover is retreating at a rate which greatly exceeds the
predictions of climate models. Instead of basing further predictions on ob-
served ice data, climate modellers still persist in using discredited models,
which fail to predict the present state of change, as a basis for projecting
tuture sea ice change in fora such as IPCC where these predictions will be
used by policy makers. This is disingenuous and is directly aimed at inducing
complacency. We examine the implications of sea ice retreat predictions and
also the possible implications of a large-scale methane outbreak from the
Arctic sea bed as a consequence of sea ice retreat. We find that the likely
cost to society of such an outbreak, some 60 trillion dollars over 100 years,
exceeds by several orders of magnitude the supposed economic benefits of
sea ice retreat due to easier Arctic navigation and oil exploitation.

Introduction

The session in which this paper is presented is entitled “Competing de-
mands on the cryosphere” and we have already heard about glaciers as
sources of water.You will have heard about the accelerated de-icing of our
planet due to global warming, and the effect that the increasing rate of mass
loss from the Greenland ice sheet, the Antarctic ice sheet and subpolar gla-
ciers is having on global sea levels. Before the end of this century many sci-
entists are predicting a global sea level rise of 1 m or more, though IPCC
takes a more conservative position. As many authors have shown (e.g.
Houghton, 2004), a rise in mean sea level, serious in itself, conceals a worse
effect in that if a community does not have the ability or resources to in-
crease the height of flood defences, the frequency of catastrophic flood events
increases disproportionately. A case in point is that of storm surges in the
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Bay of Bengal, where there is no possibility of raising flood defences in the
intricate waterways of coastal rural Bangla Desh.You will also have heard
about how the role of glacier water in regulating water flow to low lying
areas is disrupted if that glacier is subject to rapid decay. In this talk, there-
fore, I will focus on another set of rapid changes that are occurring in the
cryosphere, and their implications for human life. I will talk about sea ice, in
particular Arctic sea ice, and indicate what is happening to it, what the fur-
ther implications of this are for global climate, and what we can do to mit-
igate the effects.

I am conscious of the Holy Father’s serious statement that “today no
one in our world feels responsible; we have lost a sense of responsibility for
our brothers and sisters”. As Prof. Dasgupta has shown, this extends to econ-
omists failing to acknowledge that climate change is a major factor in the
economic future of the world, and as Prof. Kennel has shown, it includes a
reluctance to take the steps needed to mitigate the inevitably increasing im-
pact of climate change on the planet. With respect to sea ice, I will show
that not only is Arctic sea ice retreating at an unprecedented rate which
will lead to its disappearance in summer in a very short time, but that this
involves a cluster of positive feedback eftects which will make the impact
much greater than simply a loss of ice, and will in fact make the Arctic to
a great extent the driver of future change. If we are to take the Holy Father’s
warning seriously, then we must embrace an understanding and acceptance
of the magnitude of the climate challenge, and be ready to take immediate
action, treating this as the single biggest threat to Man’s future.

Seaice
The rapidly changing Arctic Ocean ice cover

From the time when [ first sailed through the Northwest Passage in 1970
(Wadhams, 2009), to today, the Arctic has been transformed. A central ocean
which was permanently ice-covered and where seasonal variations hap-
pened only in the subpolar seas has changed with bewildering speed into
an ocean where significant summer ice retreat occurs, exposing its wide
continental shelves to the power of the sun. Soon the Arctic ice cover will
resemble that of the Antarctic — extensive in winter, but almost non-existent
in summer. A ship entering the summer Arctic today from Bering Strait
finds an ocean of open water in front of her. The top of the world now
looks blue instead of white from space; a profound change. It is the summer
changes which have created the potential for catastrophic feedback effects
which may represent a serious threat to the planet.
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Since the Industrial R evolution, the Arctic has been warming more rap-
idly than any other region of the globe (IPCC 2007,2013; AMAP, 2011),
with an amplification factor of 2-4 over the planet as a whole, which is in-
creasing (Screen et al., 2012). Average air temperatures at 60-90°N have
risen by 2°C since 1980.The rapid warming, combined with related factors
such as ice-albedo feedback (Perovich and Polashenski, 2012), and higher
ocean heat flux (Shimada et al., 2006), are major contributors to a reduction
in summer (September) sea ice extent from 7 million km? in the 1970s to
only 4.2 million in 2007. A brief recovery was followed by a further shrink-
age in 2012 to 3.4 million km? with a further recovery in 2013.

This summer retreat has been accompanied by a significant decrease in
sea ice extent in other seasons (Stroeve et al., 2012), also by changes in ice
type, especially a dramatic reduction in multi-year ice (Comiso, 2012); a
decline of more than 40% in sea ice mean thickness (Rothrock et al., 1999);
a reduction of 73% in pressure ridge frequency between 1976 and 1996
(Wadhams and Davis, 2000); and changes in ice dynamics (Rampal et al.
2009). Some coupled models predict an ‘ice-free’ Arctic summer by 2040
(e.g. Holland et al., 2006; Wang and Overland, 2009), while others
(Maslowski et al., 2012; Schweiger et al, 2012) predict an ice-free September
within a very small number of years, before 2020 and possibly as early as
2015. Analysis of thickness leads to greater alarm. The PIOMAS project
(Pan-Arctic Ice-Ocean Modeling and Assimilation System) at University
of Washington examined sea ice volumes (making use of submarine data
and interpolation rather than just ice extent), and found an “Arctic death
spiral” (fig. 1) as the ice volumes at all seasons of the year spiral in towards
zero (an ice-free Arctic). An empirical extrapolation from these data show
the September figure reaching zero in 2015 or 2016 and neighbouring
months (July, August, October, November) set to follow not long afterwards.
We have to note that [IPCC and many government institutions such as the
UK Meteorological Office persist in ignoring these data and making use
solely of models to insist, in the face of the evidence, that summer sea ice
will persist for several decades. There has seldom been a more glaring dis-
agreement between models and data — nor a more puzzling persistence in
the use of discredited models (fig. 2).

The reasons behind this dramatic loss of sea ice are not fully understood,
as the mechanisms involved are a complex interplay of atmospheric, sea ice
and ocean processes, with strong feedbacks. Many of these processes are in-
adequately represented in large-scale sea ice models. The Arctic sea ice
changes are associated with profound changes in the Arctic marine system,
with increased periods and areas of open water, increased fresh water input,

Sustainable Humanity, Sustainable Nature: Our Responsibility | 227



PETER WADHAMS

increased input of solar radiation, increased surface ocean temperatures, an
enhanced underwater light climate, an altered nutrient supply into the eu-
photic zone and a significant, but yet to be understood, change in ecosystem
dynamics (Carmack, 2007; Wassmann et al., 2011). At this point we should
note that Antarctic sea ice is not showing this rapid downward trend in area;
in fact the area is slowly increasing. We concentrate on the Arctic because the
trend is so rapid, and also because Man’s direct impact on the Antarctic is
limited by the Antarctic Treaty, which prohibits commercial exploitation.

Positive feedbacks — albedo

Of special concern are positive feedback loops, where a change in sea ice
extent initiates another undesirable or unexpected change. In the Arctic we
are already aware of at least two such loops.The albedo of open water of 0.1
compares to 0.5-0.7 for melting ice, and it has been recently estimated (Pi-
stone et al., 2014) that the loss of area of summer sea ice between the 1970s
and 2012 has caused a global albedo decrease equivalent to one-quarter of
the effect of all the carbon dioxide added to the atmosphere by man during
that period. This is a “fast feedback™ because its effect is immediate.

The sea ice-albedo feedback is enhanced by faster spring snow melt in
Arctic coastal lands as sea ice recedes, probably due to warmer air masses mov-
ing over the coastal lands from the sea; already in 2012 we saw a 6 million
km? negative area anomaly in June compared with 1980.This will itself create
a feedback of similar magnitude to that discussed by Pistone ef al., so if we
put them together the overall ice/snow-albedo feedback is adding 50% to
the direct global heating effect due to CO, addition, showing how the Arctic
can become a driver of, rather than just a responder to, global change.

The second major feedback that we consider below is the seabed
methane feedback. However, before doing so we should mention that sea
ice retreat has been coupled with an enhanced melt rate for the Greenland
ice sheet (due to warmer air surrounding Greenland in summer), and also
(Francis and Vavrus, 2012) it has been suggested that Arctic warming and
sea ice retreat have been the cause of a slower speed of progression of
Rossby waves in the upper atmosphere, one result being an increased prob-
ability of extreme weather events that stem from prolonged persistence of
the weather system in one mode, e.g. drought, flooding, cold weather and
heatwaves. The possibility is that the exceptional winter and spring weather
experienced in North America and Europe during the last three years may
be linked to Arctic sea ice loss. At the moment this is a plausible possibility,
but not a definite conclusion.
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Positive feedbacks — the methane threat

The removal of the ice cover takes away a vital air conditioning system for
the Arctic. So long as some ice is present in summer, however thin, the near-
surface water temperature cannot rise above 0°C, since any warmer water
would lose heat in melting ice. With the ice gone, the surface water can warm
up by several degrees in summer (satellites have shown 7°C and shipborne
surveys up to 7.5°C, Bates et al., 2013), and over the shallow continental shelves
(50-100 m deep) this heat reaches down to the seabed. This melts offshore
permafrost, frozen sediments which have lain there undisturbed since the last
Ice Age. The thawing offshore permafrost triggers the release of plumes of
methane gas from the disintegration of unstable solid methane hydrates which
had been sealed into the sediment by the permafrost cap. Since the significant
uncovering of the shelf seas started only in about 2005 this phenomenon is
probably a new effect in the postglacial history of our planet.

Methane is a greenhouse gas 23 times as powerful as CO, though
shorter-lived in the atmosphere. Russian-US summer expeditions since
2004 have observed extensive methane bubble plumes in the Laptev and
East Siberian Seas, growing in extent in the most recent years. The
atmospheric methane level globally is rising after a few years of stability,
with the Arctic identified as the main source (Shakhova et al.,2010ab, 2013).
Atmospheric methane (CHy) is the most important greenhouse gas after
water vapour and carbon dioxide. The largest natural source is the
decomposition of organic matter in swamps and other wetlands (104 Tg/yr,
or 20% of total source 520 Tg/yr) and the largest man-made source is
enteric fermentation from domestic animals (90 Tg/yr, or 17%). Another
natural source is chemical reactions from the actions of termites, while a
major methane resource lies under the oceans in the form of methane
hydrates. Other man-made sources include leaks from natural gas pipelines
and other aspects of coal and oil production including fracking; the
cultivation of rice (because of rotting vegetation in the rice paddies); landfill
sites; and waste treatment. Tropospheric chemistry dominates as a sink (448
Tg/yr, or 88% of the total sink), with oxidation of methane to CO5 in the
atmosphere being the main reaction, and the lifetime of a methane molecule
in the atmosphere being estimated at 8-10 years. Global mean CHy
concentration more than doubled after the 1850s, from a postglacial stable
value of 700-800 ppb to a value of 2800 ppb by the end of the 20™ century,
a relatively more rapid growth rate than CO, which has only increased by
50%. From 2000 the methane level flattened oft and stabilized until 2008,
when it started to grow again. This coincides with the time when the
decline of Arctic sea ice accelerated (Comiso ef al., 2012).
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Despite its much lower concentration in the atmosphere than CO,,
methane makes a substantial addition to overall climate change because it is
a much more powerful greenhouse gas. Latest [IPCC estimates (2013) are that
CH, contributes 0.97 W m™ to radiative forcing while CO, contributes 1.68.
Per unit mass, methane is 23 times as powerful as CO, when measured over
a 100 year period; this is called its global warming potential (GWP). Since
methane persists in the atmosphere for only about 8-10 years after emission,
its GWP when measured over this period is much greater than 23; figures of
100-200 have been quoted. It is clear that a sudden release of a large quantity
of methane would have a huge, if short-lived, impact on climate.

Is methane emission due to accelerate?

Shakhova, the leader of the Russian-US expeditions to the East Siberian
Sea (ESS), estimated (2010a) that 50 Gt of methane are likely to be emitted
from the East Siberian Shelf during the next few years, a conservative esti-
mate based on her estimate that the total volume of methane trapped in
the ESS sediments amounts to 720 Gt. Whiteman, Hope and Wadhams
(2013) undertook to estimate what this emission would mean in terms of
global warming and economic cost to the world. An emission of 50 Gt is
assumed to take place over 2015-2025. The warming estimate was based
on a standard model of response to methane emissions and yielded a warm-
ing which peaks at 0.6°C in 2040 (fig. 3), a large increase in projected
warming levels, especially as, in response to the nature of methane, the effect
is concentrated in the years immediately after emission which are years in
which CO,-induced warming is still gathering strength.

The economic analysis was based on the PAGE(9 integrated assessment
model which was used in the Stern (2007) review of climate change costs for
the UK Government as well as for a more recent analysis conducted for the
Asian Development Bank. The finding was that total costs (based on factors
such as sea level rise, changes in agricultural productivity, changes in transport
and industrial practices) amount to 60 trillion dollars over 100 years, an average
exceeding 1 trillion dollars per year. A later analysis (presented at the AGU
Fall Meeting, San Francisco, December 2013) showed that if the same amount
of methane is emitted more slowly, the total costs end up being slightly higher,
because the climate impact is being exerted at a time when the economic cost
of climate change is greater, per unit of additional warming.

These results are of enormous importance for two reasons:

1. They show the invalidity of arguments which point to the advantages
of sea ice retreat in terms of transport and oil exploration being easier.
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2. They show that we are living in a fools’ paradise if we imagine that future
climate warming can be projected based only in a linear way on CO»
emissions. The reality is that new feedbacks come into play at certain
critical points, which accelerate warming and may end up dominating
the future pattern of global change. We have pointed to two which are
emerging merely from Arctic sea ice retreat — albedo feedback and
methane feedback. Albedo feedback is real and definite and is increasing
global warming by 50%. Methane feedback is postulated for the near
future and will, in the short term, more than double the warming rate.

The most serious result, from the moral standpoint with which we approach
this Workshop, is that these predictions are being ignored by the very body,
IPCC, which was established to warn the world of dangerous climatic
change. A benign interpretation is that [IPCC in AR5 has gone a long way
in issuing a more serious warning than ever before about the rate of climate
change, and feels that warning about further accelerations might be invid-
ious. But the problem is that many policy makers, planners, economists and
philosophers, such as some of the distinguished people presenting papers at
his meeting, base their view of forthcoming warming on IPCC predictions.
If those predictions are too complacent, the conclusions may have to be
changed. For instance, a common view is that, morally and economically,
we must reduce our carbon emissions at a rapid rate in order to save the
world from dangerous climate warming. I wish that I could agree with this
view but my own conclusion, based only on unconsidered Arctic feedbacks,
is that even a rapid reduction in CO, emissions will not work in time, so
we must seriously and urgently consider emergency methods which could
slow down the rate of warming and give us time to change to a new par-
adigm of living on this planet — that is, the use of geoengineering tech-
niques, repugnant as these are to many people.
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Figure 1. The “Arctic death spiral”. The volume of sea ice in the Arctic Ocean in every month of
the years 1979-2012, from the data-based PIOMAS model of the University of Washington (Andy
Lee Robinson).
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Figure 2. Figure SPM.7 from the Summary for Policymakers of the 5™ Assessment Report of the
Intergovernmental Panel on Climate Change. Part (b) is an example of presentation of data and
model projections in a way which achieves a misleading impression. The bold black vertical bar
of 2005 does not separate data on the left from model projections on the right, as one might ex-
pect, but “modelled historical evolution using historical reconstructed forcings” on left from
model projections on the right. The transition in 2005 avoids showing data from 2006-2012 where
very rapid declines in area occurred. The two projections are from IPCC scenarios RCP8.5 and
RCP2.6. RCP, or “Representative Concentration Pathway” is approximately total anthropogenic
radiative forcing in the year 2100 relative to that in 1750 before the Industrial Revolution. 8.5
watts per sq mis roughly “business as usual” and shows a decline to zero in 2050 and a decline
to 3.4 million sq km in 2030 — an area already reached in 2012. 2.6 watts per sq m is generally
agreed to be unattainable, since radiative forcing was already 2.29 in 2011and rising fast. Yet it
is shown (in blue) as a plausible scenario in which the sea ice actually recovers some area before
the end of the century. This figure is likely to be read uncritically because this is a summary for
policymakers, not part of the scientific report.
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Figure 3. Projected global temperature changes up to 2100 as affected by a 50 Gt methane pulse
taking place from 2015 to 2025 (after Whiteman, Hope and Wadhams, 2013). Solid line is a busi-
ness-as-usual scenario, dashed lines are high and low emission scenarios.
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GREEN FIELDS: FEEDING THE HUNGRY,
RAISING THE POOR AND PROTECTING
NATURE IN AFRICA

RoBERT (BOB) SCHOLES

Abstract

Several of the key branching-points on the road to a sustainable human
future in the 21 century will play out on the continent of Africa. This is
for several reasons: Africa is the last continent to begin its demographic
transition, therefore much of the future growth in the human population
will take place there; Africa is the last place with large areas of agricultur-
ally-suitable soil and climate conditions for major extension of croplands;
and many aspects of inequity, from global to local scales, find expression
there. This convergence of factors presents threats of highly undesirable out-
comes for the global climate, biodiversity loss, widening poverty, hunger
and disempowerment. It also offers opportunities to embark on a different
development path with much more optimistic consequences. An advantage
of being last in the development sequence is that it is possible to learn from
those who have been before — Africa commences its phase of rapid change
with more available knowledge than at any time in the past. Will the same
dysfunctional dynamics that have unfolded in the past and in other places
continue to dominate in the future in Africa, or will it be possible to tran-
sition to a better path? What would it take to do so?

The New Scramble for Africa

Large parts of tropical Africa are on the cusp of major social and land
transformation. In the next three decades the continent will be in a com-
parable situation to the Amazon and Southeast Asia over the past three
decades: the locus of major conversion of forest to croplands, simultaneous
migration of people into cities, and potentially large and rapid improve-
ments in nutrition and income. These rapid changes, which are already un-
derway, have both internal and external drivers.

The world as a whole faces a substantial food crisis by mid-century
(Beddington ef al. 2011). The increase in the global population from the
current 7.2 billion to an estimated 9-10 billion by the second half of the
century (United Nations 2013) will inevitably increase demand, but less so
than the shift in dietary preferences among the billions of people propelled
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by the wave of human development in South and East Asia. As incomes
increase, there is a seemingly inexorable increase in demand for animal pro-
teins — beef, pork, mutton, poultry and fish — whose production requires
larger areas of land than diets predominantly based on vegetable proteins.
Furthermore, the rising cost of energy, and the risks to the climate posed
by fossil fuel use, are driving and increased allocation of land to bioenergy
crops. As a result, it is estimated that global agricultural production will
need to increase by about 70% above 2010 levels by mid-century (FAO
2009), equivalent to about 1.8% per year. A similar doubling was achieved
between 1960 and 2000, partly due to crop breeding and agronomic im-
provements (a third to three quarter of the effect was due to the vastly in-
creased use of synthetic fertilisers), but to a large degree by expansion of
the global cropped area, from 12.8 million km?in 1960 to 48.9 million km?
in 2010 (Faostat 2014).While continued incremental improvements in crop
genetics can be expected, the returns on effort are diminishing as the fun-
damental ceiling of biological potential is approached. The unintended con-
sequences of high fertiliser use are now becoming apparent, in climate
impacts and the eutrophication of inland and coastal waters. Therefore it is
unlikely that the necessary increase in global agricultural production will
occur on the current cropland footprint. Lateral expansion of the cropped
area is inevitable; and the most likely location is sub-Saharan Africa.

The last major world region that combines high-potential soils with suit-
able climates for agriculture is in Africa, and specifically the nearly eight mil-
lion km? (not all arable) that lie between the wet equatorial rainforests and
the Sahara desert to the north, and between the rainforests and the Kalahari
desert to the south. The rainfall in this zone is above the cropping limit of
600 mm/y, but less than the approximately 1500 mm that supports rainforests
but is also associated with high cloud cover, swampy and nutrient-impover-
ished soils, making it less suitable for short-duration crops.The landforms are
mostly high granitic plateaus with deep soils, which while acid and deficient
in nutrients such as phosphorus and nitrogen, can be made highly productive
through liming and fertilisation. They naturally support savanna woodlands,
rather than closed evergreen forests. In south-central Africa (the Angola-to-
Tanzania belt) the landscape 1s relatively sparsely populated, partly because of
the historical presence of tsetse fly and the trypanosomiasis it carries, and
partly due to soil nutrient deficiencies. The equivalent zone north of the
equator, the Guinea-to-Sudan belt, is relatively densely populated and much
is already under low-input-low-output agriculture.

The recent well-publicised ‘land grabs’, (Oxfam 2011: allegedly 0.33

million km? in the 2001-2011 period) involving countries and large cor-
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porate agribusiness interests from outside Africa, are a manifestation of the
realisation that land resources are globally limited, and that Africa ofters the
last opportunities. The soils and climates in the areas described above are
very similar to those in the cerrados of Brazil, which underwent rapid trans-
formation to soybean and maize cultivation between 1970 and the present.
With known, tested and available agricultural technologies, a similar trans-
formation is likely in Africa. It brings with it substantial opportunities to
address longstanding African issues of undernourishment, poverty and ill
health. The journey to more diversified, higher-income economies world-
wide has generally started with agricultural development. However, the
linked land and social transformation also holds the possibility of acceler-
ating climate change, loss of biological diversity and ecosystem services, and
increased social inequity and conflict.

Demographic Dividend or Population Explosion?

Populations worldwide grew dramatically when the pre-modern balance
between high birth rates and equally high mortality (especially among ju-
veniles) was upset by a reduction in death rates, largely driven by improved
sanitation, and secondarily by improved medical care and nutrition. The ex-
perience, again worldwide and across cultures and circumstances, is that the
birth rate gradually falls to equilibrate with the new expectations of survival
and longevity. This process takes several generations. It is accelerated by im-
proved wellbeing, specifically education and economic opportunities for
women. Most regions of the world have gone through this ‘demographic
transition’ or are in the midst of it; most of sub-Saharan Africa has not. It
can therefore be predicted, with a high degree of confidence, that the pop-
ulation of sub-Saharan Africa will rise from its present 800 million to about
2 billion by about mid-century (United Nations 2007), a growth rate of
about 2.6% per annum.

At the same time as growing overall, Africa (like other developing coun-
tries, and like the developed countries before them) is undergoing rapid
urbanisation. The urban growth rate is about 3.9% per annum, the highest
in the world. The cities growing fastest are often not the largest ones cur-
rently: Ouagadougou, Niamey, Kampala and Dar es Salaam are among the
emerging metropolises, joining Kinshasa, Lagos, Luanda, Abidjan, Addis
Ababa and Nairobi.

The urban migration is apparently driven by the usual combination of
diminishing livelihood opportunities in rural areas coupled with better ac-
cess to jobs and services in urban areas, dire as those might be. A third ele-
ment is increasingly common — the movement to the cities of domestic
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and international refugees, displaced by lawlessness in failed states, environ-
mental disasters such as famines and floods, or by the loss of access to lands
on which they formerly lived.

Rapid population growth is typically seen as a challenge to those re-
sponsible for job provision, education, food security and the avoidance of
environmental degradation. Those more focussed on the availability of
labour and the growth of markets see it much more positively. Countries
with static and aging populations find it increasingly difficult to service the
needs of the elderly, and can only grow their economies through technical
innovation. The large cohort of young people in fast-growing Africa, on
the other hand, represents a potential market for goods, from beer to cell
phones, the demand for which has already saturated elsewhere in the world.
This is the ‘demographic dividend’. A third viewpoint is that, in the event
that economies do not grow at a commensurate rate, a large pool of un-
employed young men is often a precursor to violent conflict.

Darkest Africa: a worst-case scenario

This scenario is an extrapolation of tendencies currently underway, and
the unfolding in Africa of patterns that were displayed elsewhere in the
world. In this scenario, a self=serving and corrupt political elite alienate large
portions of the land from those who currently live there and turn them
over to better organised, wealthier actors (either international or national)
whose objectives are overwhelmingly the maximisation of short-term
shareholder profit. The government agencies charged with the enforcement
of environmental and social welfare regulations are understaffed, under-re-
sourced and under-trained to exercise their responsibilities effectively, and
the legal system 1is insufficiently strong to defend the rights which are in-
fringed. Because of the uncertainties of tenure and the absence of a land
ethic, agricultural development is unplanned and deliberately ignores social
and environmental externalities, while enjoying positive externalities such
as tax holidays and subsidies on agricultural inputs. The fullest possible por-
tion of the land concession is converted to agriculture, as quickly as possible,
with export of high value timber and burning of the rest, resulting in a large
transfer of carbon dioxide to the atmosphere.

Since the local agricultural markets are weak, the production is devoted
to globally-traded commodities such as cereals, industrial starches, sugar and
soybean, many of them destined for use in biofuels and animal feedlots,
rather than human consumption. The farm scale is very large, and since the
management 1s technically complex, it is dominated by expatriate skills. A
small fraction of the displaced rural population finds employment in low-
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paid, unskilled tasks on-farm and an even smaller fraction in skilled positions
such as machine operators. The remainder join the urban poor, leaving only
the elderly and the very young in the rural areas, scratching a living from
small plots wherever they can settle. The shrinking area of woodland land-
scape 1s cut over repeatedly for charcoal production for use in the towns, a
trade that is facilitated by the building of roads to supply inputs to the farms
and to take their produce to the coast for export.

The cultivars used are bred specifically for the scale and type of agricul-
ture, and sourced from one of a small group of seed producers. They are
not viable for use outside this context and are generally not fertile in the
second generation. Fertilisation (and irrigation, where irrigation is used to
bridge dry seasons) is at the level which will result in maximum enterprise
profit. This is well in excess of the amount of nutrients taken up by the
plants, so the surplus is emitted as the powerful greenhouse gas nitrous
oxide, and accumulates in the groundwater and rivers. Since the price of
the water used for irrigation is just the price of pumping it out of the river,
inefficient forms of irrigation are used, leading to flow reductions in the
rivers and their pollution with silt, salts and nutrients in the return flows.
River, lake and coastal fisheries decline as a result. Tropical pests and weeds
are combatted with large doses of biocides, often using products whose use
has been discontinued in developed countries. The explosion of seed-eating
birds is combatted by aerial spraying of the wetlands where they nest. Large
herbivores and primates are incompatible with the cropping system, so they
are shot on farmland and restricted to national parks, where they are
poached by the rural poor.

There is a great increase in agricultural production, but the largest part
of the value addition is captured by the corporations who operate the value
chain, and by the elite who service them. The commodities produced are
exported in near-raw form, except in cases where it makes sense to process
them under a lax set of environmental or health regulations. There is a pro-
liferation of industrial-scale feedlots and poultry production facilities, with
wastes producing methane in open lagoons and spilling into the rivers.

This development path is clearly detrimental to both natural resources and
to the welfare of a large number of people. Its proponents justify their actions
by arguing that exploitation is a necessary first phase of development — there
must be wealth accumulation, economies of scale and globally competitive
terms of trade. Natural capital will be drawn down temporarily, but will be
restored once the overall wealth level increases, and with the growing appre-
ciation for nature by the urban population. However, that time never comes
in Africa, because the overloaded cities do not manage to enter a virtuous
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cycle of rising education, improving education and improving services. Instead
they polarise into gated communities of the wealthy, in a sea of lawless slum-
lands. Exporting the environmentally-damaging industries to the developing
world is no longer possible, because this is the end of the line.

Living Landscapes: a more positive vision

We have the knowledge and tools to take a difterent path to the one
painted above. Rather than repeat mistakes, African leaders can chose to
leapfrog or bypass them. Africans, as much as anyone, deserve the chance
to reduce the number of undernourished people and to provide economic
benefits to the poor; denial of the opportunity to use their natural resources
to achieve these ends amounts to a different kind of injustice. But it needs
to be done with an eye to sustainability and equity.

In this scenario, several million hectares of Africa undergo a ‘green rev-
olution’, leading to sustained higher agricultural production, agro-indus-
tries, better infrastructure, reduced hunger and rising incomes. However, it
happens in an integrated way, rather than haphazardly, and within the social
and environmental limits determined by experience elsewhere in the world.
Critical ecosystem service resource areas are protected from the start, and
within the landscapes that are prioritised for transformation, corridors of
semi-natural ecosystems remain. The agriculture is diverse in scale, tenure
and product, and there is an emphasis on value addition and nutritional se-
curity. There are commercial-scale farms interspersed with family-scale en-
terprises, sharing infrastructure; many are devoted to vegetable, fruit and
timber crops. The landscape is multi-functional, providing food, fibre, fuel,
water, biodiversity habitat and amenity. There is a net movement of people
to regional towns and cities, where development is also planned and inte-
grated with urban agriculture, green spaces and water, energy, health and
education service provision. The economy is diverse, including agriculture,
mining, manufacturing, services and tourism, and both the absolute number
of poor and the relative levels of inequality are declining.

What will it take to reach a sustainable African future?

The Living Landscapes scenario makes several assumptions: that a combi-
nation of a spreading awareness of rights in Africa, the growth of a skilled mid-
dle class, and international ethical pressures reduces the power of elites and
their clients to help themselves to resources in Africa; that good governance
and rule-of-law become the norm; and that international economic and po-
litical circumstances permit the space for Africa to develop. A market-led ap-
proach is the one most likely to unlock and spread the benefits, but it needs
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to be within a framework of social responsibility. The key issue is that the sur-
pluses generated from the exploitation of the abundant African natural capital
must be retained in Africa and efficiently converted to social capital.

The first step is to base the spatial pattern of agricultural development
(including its location, scale and spatial arrangement) on a sound knowledge
of the resource potential of the landscape, rather than to allow it to occur
haphazardly. The potential is defined both in terms of agricultural produc-
tivity and in terms of the other ecosystem services it presently or potentially
supplies — such as timber, water and wildlife habitat (Scholes and Biggs
2003).These potentials are not homogenously distributed in the landscape
at any scale. Therefore it is possible to achieve better tradeoffs between com-
peting land-uses, by placing the developments where they achieve most
benefit for least cost. The techniques to do so have been developed for the
converse problem — trying to protect fragments of biodiversity in already
largely transformed landscapes (Murgulis and Pressey 2001) — but it can
achieve more by being applied before development, to the optimal place-
ment of areas which are to be transformed. The logic applies at scales all
the way from global (growing crops where they are best suited, rather than
where history or subsidies promote them, means that the global production
per unit land can be maximised), through the national (defining priority
development nodes and protected area networks) to the landscape (leaving
buffers around rivers to help suppress floods and absorb pollutants).

The second insight involves a clear understanding of the form and nature
of tradeofts when a given parcel of land is transformed to cropping. Most
of the in situ loss of biodiversity and non-agricultural services occurs with
the act of transformation (Green ef al. 2005).The further loss of local natural
capital and biodiversity as agricultural intensification proceeds on the trans-
formed land is relatively smaller. The oft-site impacts, on the other hand,
rise with agricultural intensification, also in a non-linear way. Typically they
increase steeply above a certain point — for instance the point at which crop
growth can no longer absorb the applied nutrients efficiently, or where ap-
plied irrigation exceeds the profile water holding capacity. The benefits of
intensification in terms of crop yield generally show the opposite non-linear
pattern — they rise most steeply for the initial increments of inputs, and
then saturate as other factors become limiting. Therefore a window exists
for intensification, where the onsite benefits outweigh the offsite costs; fur-
thermore, the onsite benefits (within this window, in terms of increased
production) spare the highly detrimental transformation of further land
area. Therefore agricultural intensification per se is not the problem, but in-
appropriate intensification — either too much or too little — is.
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The third step is to place natural resource-based development within a
strongly equity and rights-based framework, and establishing the institutional
machinery to enforce it. Firstly, the minimum benefit flows from nature are
recognised as a right of all people in the country, both now and in future.
About a fifth of the land and ocean area needs to be set aside as protected
areas, both for the protection of biodiversity and to ensure flows of critical
ecosystem services, in a targeted way rather than just using those fragments
seen as useless for other purposes. Minimum ecological flow regimes in rivers
must be established and water, food and air quality standards must be enforced.
Secondly, the distribution of benefits accruing from the use of natural re-
sources must be made broad-based. This can be achieved by ensuring that use
allocations are transparent, law-based, recognise valid prior use rights, and
have a fair mechanism for subsequent redistribution. The playing field in terms
of access to capital and skills needs to be levelled through the formation of
cooperatives, co-ownership and extension schemes. Resource rentals must
be set and adjusted to permit reasonable return on capital, effort and risk; but
not to encourage wasteful use and windfall profits. The income generated
from resource rentals should accumulate in a sovereign fund, whose profits
are used to protect and restore natural capital and grow social capital, partic-
ularly through education. Thirdly, externalities must be minimised by ensuring
that the cost of off-site damages accrue, as far as possible, to the account of
those who caused them and benefited from the actions.

To achieve this outcome, most of the internal and external interest
groups will need to modify long-cherished notions. The conservation com-
munity will need to accept that Africa as a giant game reserve or climate
bufter for the rest of the world is neither viable nor equitable; that large
areas of natural vegetation will be transformed; and some species and
wilderness will be lost. The development community will need to abandon
its fixation with the ideal of a self-sufficient peasant farmer, using only or-
ganic production techniques; and accept larger scale, more intensive enter-
prises as a necessary part of the equation.
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STABILITY OF COASTAL ZONES

MarciA McNuTtT

Introduction

Throughout most of Earth’s history, the coastline has been a very dy-
namic feature. Throughout most of human history as well, the coastline has
been constantly shifting (Figure 1a). Only if we view sea level on the time
scale corresponding to the rise of civilization has it been approximately sta-
ble (Figure 1b). It may not be that a stable shoreline was necessary for the
flourishing of civilization, but the simple fact is that cities established them-
selves with firm roots on the edge of that steady shoreline, and to date have
not had to accommodate the dramatic moves as have been the norm
throughout most of geologic history.

Currently about 40 percent of the global population lives in the coastal
zone,! with the proportion rising each year as society becomes more urban.
This is the fraction of humanity at risk if sea level should rise dramatically
and from hurricanes, storm surges, and other climate-related phenomena.The
latest IPCC report on climate change impacts® places “death or harm from
coastal flooding” as the number one risk from climate warming, and estimates
that the current investment in adaptation to sea level rise is orders of magni-
tude less than what it needs to be to address the critical problem: a rapidly
expanding population of poor living within reach of ever rising seas.

The future 1s uncertain if sea level departs dramatically from the current
Holocene stable state, as is currently feared to be the case from anthro-
pogenic release of CO,. Throughout most of geologic history, sea level has
been closely correlated with CO,, which gives ample reason for concern.

Contributions to Sea Level Rise

A number of very different factors contribute to sea level rise (Figure
2). Two of the most important are the melting of grounded ice sheets, such
as mountain glaciers and the ice sheets on Greenland and Antarctica, and
thermal expansion of the ocean. Each of these two factors contributes
nearly equally to the current observed rate of sea level rise. A third factor

! Defined as living within 100 km of the shoreline, see http://sedac.ciesin.columbia.
edu/es/papers/Coastal_Zone_Pop_Method.pdf

? Intergovernmental Panel on Climate Change, Working Group 2, Climate Change
2014: Impacts, Adaptation, and Vilnerability, http://www.ipcc.ch/report/ar5/wg2/
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contributing to contemporary sea level rise is the depletion of aquifers that
ultimately transfers that water from deep underground to the ocean. It is
estimated that as much as 6 percent of the current sea level rise could be
attributed to this eftect,’ and it would be larger if not for the effects of dams
delaying that flow to the sea.

A number of other effects cause regional variability in sea level, and can
locally have magnitudes just as large. One of the most important is dynamic
ocean topography maintained by ocean currents. Climate change is ex-
pected to change land-sea thermal gradients, which in turn may intensify
or weaken western boundary currents. For example, the Gulf Stream locally
raises sea level by 2 meters in the western Atlantic. This eftect is therefore
especially important for any coastlines bordering major current systems,
and can confound our ability to accurately predict the details of future sea
level rise at any one location. The eftect of changes in currents can make
sea level rise much worse, or much less, than the global average.

Another significant effect is vertical tectonics. A number of coastlines,
such as the US Pacific northwest, Japan, New Zealand, the west coast of
South America, Indonesia, and portions of the Mediterranean, border active
fault lines with a vertical component of slip on the faults. For example, the
January 2010 earthquake in Haiti was responsible for co-seismic subsidence
of the shoreline of one meter near Port au Prince (Figure 3).That is equiv-
alent to more that 500 years of sea level rise at current rates happening in
just a few seconds. Of course, there are other hazards associated with co-
seismic slip such as falling buildings and tsunamis as well, and often these
active margins produce net uplift of the coastal plain. Currently, however,
we are unable to predict the tectonic component to sea level adjustment
on human time scales with any certainty along these active margins.

Sedimentary processes are also important in understanding how a shore-
line responds to sea level rise. If rivers can deliver an adequate supply of
sediment to the coastal zone where the materials are distributed by along-
shore currents, shore lines can under certain circumstances keep pace with
sea level rise through aggradation (Figure 4). In far too many cases, these
natural processes have been altered through construction of dams, sea walls,
and other man-made structures which obstruct the nourishment of shore-
lines, leading to erosion and failure to keep pace with rising seas. As dams
have become silted and have lost their original function of water storage,

> Konikow, Contribution of global groundwater depletion since 1900 to sea-level
rise, Geophys. Res. Letts. 38, 17,2011 DOI: 10.1029/2011GL048604.
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there has been a rising movement for dam removal to restore natural water
flows with a number of benefits to wildlife and coastal protection through
sediment supply to starved margins.

Locally in ice covered areas a rather large effect that must be accounted
for is rebound from the removal of the ice. For example, the shoreline of
Greenland, rather than being inundated, will actually emerge from the
ocean should the Greenland ice cap melt, on account of isostatic rebound
of Earth’s solid surface in response to the unloading of the weight of the
ice. The flow of rock in the solid state deep in Earth’s asthenosphere toward
the uplifting region produces a further subsidence in the region peripheral
to the rebounding area, actually accelerating sea level rise in areas adjacent
to the former glaciated areas. This phenomenon has been well documented
and calibrated from the retreat of the Wisconsin glaciers, and is expected to
be noticeable should the Greenland icecap melt as accelerated rates of sea
level rise over the global average in Europe and North America.

Finally, many ocean islands are underlain by volcanic pedestals built on
subsiding seafloor as tectonic plates age and thermally contract. Although
the rate of thermal contraction of the seafloor is slow on human time scales
(maximum rates of 0.04 cm/year) and small relative to the other eftects dis-
cussed (cumulatively currently 0.30 cm/year as an average globally),* it adds
to the other causes of sea level rise mentioned above, making ocean islands
particularly susceptible.

Challenges in Predicting Future Sea Level Rise

While the past correlation between CO» in Earth’s atmosphere and sea
level appears compelling, predicting the details of future sea level rise on
human time scales is particularly challenging. With the number of people
potentially at risk, and the amount of the coastal plain that could be inun-
dated in the next century or two, it is desirable to know how fast one might
need to retreat from the shoreline. If the predictions of future sea level rise
err on the side of being too fast, then one may abandon shoreline-depen-
dent facilities before it is necessary to do so. If one errs on the side of pre-
dicting a sea level rise that is too slow, then one may not have planned a
retreat that is fast enough, such that facilities are hastily abandoned when
they still have useful life.

The difficulty with predicting sea level rise is that, to begin with, locally
it is the sum of the many eftects discussed above, not all of which can be

* http://oceanservice.noaa.gov/facts/sealevel.html

250 | Sustainable Humanity, Sustainable Nature: Our Responsibility



STABILITY OF COASTAL ZONES

predicted with some or any certainty (e.g., where future earthquakes will
occur, what the details of future ocean circulation will be). Another chal-
lenge 1s that sea level rise 1s a derived quantity from climate predictions of
temperature, and even the projections for temperature have uncertainties
which are difficult to quantify.®> For example, the current predictions of fu-
ture temperature rise are an “envelope” of what the various models project,
from the most optimistic to the most pessimistic, not formal error bounds
on any one much less the ensemble of all of the models. The models them-
selves are unlikely to be completely independent, having had at least some
aspects of their codes in common over the decades that they have been de-
veloped. They all depend on assumptions on Earth’s albedo and cloud
physics, two of the most uncertain elements of radiative forcing. The codes
themselves tend to be only approximations of the true physics: they include
parameters such as “eddy viscosity” which aren’t real, but are designed to
make the model ocean behave as is observed. In addition, to make the mod-
els more efficient, approximations are made to some of the calculations —
representing them as smooth functions rather than computing each grid
point individually.

All in all, the known physics of the green house eftect coupled with the
long-term observed rise in atmospheric CO, correlated with rates of fossil
fuel use means that there is very high confidence that global temperatures
will surely rise in the coming decades. But exactly how fast is difficult to
predict because the net carbon budget is a small difference between very
large sources and sinks. Even attempting to predict the temperature trend
over the last decade or two has uncovered some surprises, such as the recent
“pause” in warming attributed to oceanic absorption of heat.®

“No Regrets” Actions

Estimates are that even with a commitment so far not evident to decar-
bonizing the energy system, it would take several decades to transform the
global complex energy delivery network from one based on fossil fuels to
one based on renewable and other forms of non-CO, emitting energy

3 Bader, David; Covey, Curt; Gutowski, William; Held, Isaac; Kunkel, Kenneth; Miller,
Ronald; Tokmakian, Robin; and Zhang, Minghua, Climate Models: An Assessment of
Strengths and Limitations (2008). US Department of Energy Publications. Paper 8.
http://digitalcommons.unl.edu/usdoepub/8

® England ef al., Recent intensification of wind-driven circulation in the Pacific and
the ongoing warming hiatus, Nature Climate Change, 4, 222-227 (2014) doi:10.1038/
nclimate2106
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sources. Given that reality, it appears that the world is destined to experience
some appreciable amount of sea level rise, and must be preparing now for
that eventuality. There are three basic strategies for approaching this problem:

1. Plan an organized retreat from the sea where inundation is inevitable;

2. Fortify high-value investments that cannot quickly retreat to buy time;

3. Restore natural processes to allow shorelines to keep pace with sea level
rise.

One example of a planned retreat is the current project at Alligator River
National Wildlife Refuge (Figure 5) in North Carolina. Over one million
acres will be inundated over the next few centuries as sea level rises over
this low-lying coastal plain. The project, which involves the Nature Con-
servancy, US Fish and Wildlife Service, and other partners, provides natural
baftling ability of oyster reefs to reduce the amount of energy reaching the
shoreline and to promote sediment accretion behind the reef. There will
also be wildlife corridors to allow an orderly migration inland of endan-
gered species such as the red wolf.

The communities that commit to long-term planning and zoning taking
into account sea level rise will avoid unnecessary costs and high-value losses
from inappropriate location of expensive infrastructure, such as airports and
hospitals. For example, selective conversion of coastal property to parks and
open space as parcels become available for purchase (especially after natural
disasters such as hurricanes) can be an eftective way to retreat from rising seas.

There will be some high-value investments that will need protection. It
is up to society to say what is worth armoring against rising seas. Certain
cultural icons will likely make the list, such as the Statue of Liberty. But
what about low-lying areas of cities, such as the SOMA area of San Fran-
cisco (Figure Z)? Virtually the entire city of New Orleans?

Finally, we need to restore coastal processes. Free-flowing rivers deliver
sediment to the coast, which then gets redistributed to shorelines by along-
shore currents. Under some conditions shorelines can build to keep pace
with rising seas. However, we have drastically reduced the sediment load to
the coastal zone by building dams, and altered along-shore transport by
building jetties and sea walls. The Elwha Dam in the Pacific Northwest of
the US is an example of a dam that had become silted up and outlived it
usefulness for water storage. It is now in the process of being dismantled to
restore the natural flow of the river sediment to the coastline. This dam re-
moval project is being closely monitored both in the near term as the pulse
of sediment which was stored behind the dam arrives and in the long term
as the river regains steady state.
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Concluding Thoughts

Experts who study the psychology of threats, such as Dan Gilbert from
Harvard, point out the reasons why humans are too slow to react to the
threat of climate change:’

* Climate change lacks a human face: there is no “bad guy” to which we
can direct our attack;

* It doesn’t violate our moral sensibilities: CO, is an odorless, tasteless gas;

* It is not perceived as an immediate threat: the problem is still too far in
the future, even though in truth we must start taking action today;

* Climate change proceeds at a slow rate: as a species our senses are not
attuned to gradual changes.

For this reason, public education for all who live in the coastal zone of the
risks and the actions needed to build resiliency are badly needed. Shore-
line-dependent facilities, such as sea terminals, should be designed with ris-
ing seas and planned obsolescence, and inland migration in mind. Young
children should begin from the time they are small to view the shoreline as
a place they visit for recreation, camping, and for viewing wildlife, but not
a place to put down deep roots.
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Figure 1. (a) Relationship between carbon dioxide (CO,, methane (CH,), and sea level for the
Cenozoic (from Hansen et al.).® For comparison, Neanderthals lived 200 to 300 thousand years
ago. Homo sapiens emerged as a species ~400 to 250 thousand years ago. (b) Detail of Holocene
sea level. Data from Fleming et al.,? Fleming,* and Milne et al.* For context, the Great Pyramides
were built 2470 BC, the city of Babylon flourished about the same time. By 8000-7000 BC, farm-
ing was firmly established in Mesopotamia.

7 Presentation at Pop!Tech 2007, see http://www.peopleandplace.net/media_li-
brary/video/2009/3/23/responding_to_the_threat_of_climate_change

8 Hansen, J. et al., Target CO2:Where should humanity aim? http://www.columbia.
edu/~jeh1/2008/TargetCO2_20080407.pdf

? Fleming, K., P. Johnston, D. Zwartz, Y. Yokoyama, K. Lambeck and J. Chappell
(1998).“Reefining the eustatic sea-level curve since the Last Glacial Maximum using far-
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STABILITY OF COASTAL ZONES

Figure 2. National Geographic’s “If All the Ice Melted”,*? while raising awareness to the threats
of sea level rise, contains a large number of inaccuracies concerning the details of what actually
would happen. It is a “fill up the bathtub” model of melting ice, and does not account for first-
order effects such as thermal expansion of the ocean and rebound of formerly ice-covered re-
gions.

2 http://ngm.nationalgeographic.com/2013/09/rising-seas/if-ice-melted-map
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Figure 3. Revised source model from Gavin Hayes (USGS — National Earthquake Information Cen-
ter) matches the imagery-based observations of coastal uplift and subsidence by Rich Briggs
(also USGS-NEIC). The figure is from Ross Stein (USGS-Menlo Park). The image is a screen capture
from Google Earth, which has an imbedded layer pulling in USGS earthquake locations updated
every 5 minutes, part of an ongoing partnership with Google out of Menlo Park. Co-seismic dis-
placement was shoreline near Port au Prince subsiding more than 1 m relative to the ocean. Figure

courtesy of David Applegate, USGS-Reston.
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Figure 4. Cartoon illustrating horizontal and vertical wetland growth (yellow arrows) in response
to coastal processes. Red arrows show threats to shoreline aggradation.
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Alligator River National
Wildlife Refuee

(b)

Figure 5. The Alligator River, NC project. (a) Location of wildlife refuge along the Atlantic coast of
North Carolina. (b) Planned interventions to facilitate an orderly retreat from the rising sea.
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VII. SocieTy’s RESPONSE TO CURRENT UNSUSTAINABLE GROWTH



WHY HAVE CLIMATE NEGOTIATIONS
PROVED SO DISAPPOINTING?

ScoTT BARRETT

I'm grateful to the organizers for proposing this question for my title, be-
cause it’s important. People often complain that the climate negotiations have
been disappointing, only to wring their hands and say that we must do better.
But unless we know the reasons why the negotiations have been disappointing,
we won’t know how to do better. Using a medical metaphor, if our diagnosis
of the illness is wrong, our recommended treatment is unlikely to heal the
patient. Indeed, the wrong treatment may only make the patient sicker.

One of the striking things about the climate negotiations is that the ne-
gotiators have admitted that they have failed to meet their own goal.

In the Framework Convention on Climate Change, adopted in 1992,
parties agreed that atmospheric concentrations of greenhouse gases should
be stabilized “at a level that would prevent dangerous anthropogenic inter-
ference with the climate system”. Later, in the non-binding Copenhagen
Accord adopted in 2009, countries recognized “the scientific view that the
increase in global temperature should be below 2 degrees Celsius”. Finally,
in Cancun in 2010, the parties to the Framework Convention reaffirmed
this goal, but added that it may need to be strengthened, limiting temper-
ature rise to 1.5°C.

After Copenhagen, countries submitted pledges for reducing their emis-
sions. However, analysis by Rogelj ef al. (2010) shows that even an optimistic
reading of these pledges implies that mean global temperature will surpass
the 2°C temperature change target.

The negotiators agree with this assessment. In Durban in 2011, they noted
“with grave concern the significant gap between the aggregate effect of Parties’
mitigation pledges in terms of global annual emissions of greenhouse gases
by 2020 and aggregate emission pathways consistent with having a likely
chance of holding the increase in global average temperature below” the
agreed threshold. Rogelj ef al. (2010: 1128) describe this behaviour as being
“equivalent to racing towards a cliff and hoping to stop just before it”.

Note that the Copenhagen pledges are voluntary. It’s possible that they’ll
be exceeded. As bad as things look now, they could turn out to be worse.

The problem isn’t disagreement about what should be done. Support
for the 2°C goal is universal. The problem is that this is a global goal. Every-

Sustainable Humanity, Sustainable Nature: Our Responsibility | 261



SCOTT BARRETT

one is responsible for meeting it, meaning that no country is responsible
for meeting it. Limiting climate change requires very broad cooperation. It
requires collective action.

The reason collective action has eluded us so far is that reducing emis-
sions is a prisoners’ dilemma game. Each country is better off when all
countries reduce their emissions substantially. But each country has only a
small incentive to reduce its own emissions.

The Kyoto Protocol asks some countries to reduce their emissions be-
yond “business as usual”, and so confronts the prisoners’ dilemma head on.
But Kyoto has failed in its mission to limit emissions.! The Copenhagen
Accord, by focusing on the need to avoid “dangerous” climate change, has
tried to reframe the problem.Will Copenhagen succeed? Reframing is the
right strategy. But we need a difterent framing. Although my main purpose
is to explain why the negotiations have been disappointing, I also want to
suggest how an understanding of this failure can provide insights into how
we might do better. Countries are currently trying to negotiate a new kind
of climate agreement for adoption in 2015. My paper ends by suggesting
how a difterent framing of the climate collective action problem could turn
the negotiations around. The climate negotiations needn’t be as disappoint-
ing as they have been so far.

The “dangerous” climate change game

Here is a way to think about the “dangerous” climate change game. Let’s
say that there exists a red line for “danger”, and that countries know what
this red line 1s. For example, it might be the 2°C goal. Let’s also say that the
impact of crossing this threshold is expected to be so severe relative to the
costs of staying clear of it that all countries, collectively, prefer to stay clear of
it. Then it’s obvious what countries should do if they act collectively: they
should limit concentrations of greenhouse gases to avoid crossing the red line.

The problem, of course, is that countries don’t act collectively. They’re
sovereign. They act independently. So, we should ask: What incentives do
countries have to stay within the good side of the red line?

Under reasonable assumptions, the game I have just described is not a
prisoners’ dilemma. It’s a “coordination game” with two Nash equilibria
(Barrett 2013).2 In one, countries stay just within the “safe” zone. In the

! See, especially, research by Aichele and Felbermayr (2011), discussed later in this
paper, which takes into account the effect of Kyoto on trade “leakage”.

2 In a coordination game, people want to do what others are doing. A car may be
driven on the left or right side of the road. So, on which side of the road should you
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other, they breeze past the tipping point, making catastrophe inevitable. In
general, game theory has trouble predicting how countries will behave in
a coordination game. However, since the “bad” Nash equilibrium is so ob-
viously bad, staying within the red line is focal (Schelling 1960). Moreover,
with the help of a treaty, countries can virtually guarantee that they will
coordinate around the “good” Nash equilibrium.

Here is how the treaty should be written. It should assign to every coun-
try an emission limit, with each country’s limit chosen to ensure that, when
all the limits are added up, concentrations stay within the “safe” zone. The
limits should also be chosen to ensure that every country is better oft staying
within its assigned limit, given that all the other countries stay within their
assigned limits. Finally, the agreement should only enter into force if ratified
by every country.

The beauty of such a treaty is that it makes every country pivotal. If every
other country behaves as required, each country has an incentive to behave as
required. The reason: even the slightest slip up guarantees catastrophe.

This treaty, like all good treaties, transforms the game. In the treaty par-
ticipation game, every country has a dominant strategy to participate. Why?
Every country has nothing to lose by joining. If the agreement fails to enter
into force, each country would be free to act as it pleased. If the agreement
were to enter into force, however, then it would be binding on all parties,
and catastrophe would be avoided — the outcome every country prefers.
Every country is thus always better off participating.

How would the emission limits for individual countries be chosen? This
is the bargaining problem. If countries were “symmetric”, bargaining would
be simple. Technically, a wide variety of allocations would satisfy the re-
quirements I described above, but an equal allocation would be focal, and
for that reason is to be expected. Asymmetry makes bargaining more com-
plex, but so long as collective action promises all countries an aggregate
gain, there will exist an allocation of responsibility that will be acceptable
to every country (this allocation won’t be unique and may require side pay-
ments, but these are relatively minor points compared with the imperative
to avoid catastrophe).

drive? The answer depends on where everyone else is driving. In Italy, it’s obvious that
you should drive on the right. In the UK, it’s obvious that you should drive on the left.
These different outcomes (driving on the left and driving on the right) are each a “Nash
equilibrium”. Given that others are driving on the left (right), each driver chooses to
drive on the left (right).
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The threat of catastrophe simplifies the negotiation problem. It makes
each county’s promise to stay within its agreed limits credible.

The vulnerability in this game isn’t the behavior of the countries. It is
the credibility of the science — in particular, the science of locating the critical
tipping point.

In the dangerous climate change game, it would be irrational for any
country to exceed its assigned amount of emissions when doing so would
cause atmospheric concentrations to cross the catastrophic tipping point.
In this case, free rider deterrence depends on the credibility of Nature’s
threat to tip a critical geophysical system. Yes, in the dangerous climate
change game, Nature is an important player.

The importance of scientific uncertainty
What would countries need to do collectively to prevent dangerous cli-
mate change?
The Copenhagen Accord says:
To achieve the ultimate objective of the Convention to stabilize
greenhouse gas concentration in the atmosphere at a level that would
prevent dangerous anthropogenic interference with the climate sys-
tem, we shall, recognizing the scientific view that the increase in global
temperature should be below 2 degrees Celsius [emphasis added], on the
basis of equity and in the context of sustainable development, en-
hance our long-term cooperative action to combat climate change.’?
Why defer to the “scientific view”’? The reason is that it simplifies the ne-
gotiations. It allows negotiators to bargain over individual country shares.
However, while scientists warned of ““climate disaster” before the Frame-
work Convention was adopted (see, in particular, Mercer 1978), I think the
Framework Convention caused scientists to focus on this question at least
as much as previous scientific research caused negotiators to focus on it.
Reference to “the scientific view” [emphasis added] implies that there is
strong agreement among scientists about the threshold. There isn’t. The only
“scientific view” that I detect in the literature is that thresholds are likely
to exist.*

>The Copenhagen Accord was written somewhat hastily, and this temperature target is
identified without reference to a base level of temperature. In Cancun the following year,
negotiators clarified that the temperature reference target was the pre-industrial level.

* Rapid changes in temperature have been observed in the paleoclimatic record, an
example being the Younger Dryas; see Broecker (1997).
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Although temperature thresholds are uncertain, the uncertainties in-
volved in choosing a target are even greater than this. The Framework Con-
vention specifies the target in terms of concentrations, not temperature, and
converting temperature to concentrations introduces an additional layer of
uncertainty — something known as “climate sensitivity” (Roe and Baker
2007). Moreover, we don’t know the quantity of global emissions (ex-
pressed, perhaps, as a cumulative sum) needed to meet any particular con-
centration target, due to uncertainty in the carbon cycle. For example, there
is uncertainty about how much of the CO, emitted will be taken up by
soils and the oceans. The fifth assessment report by the Intergovernmental
Panel on Climate Change calculates a global “budget” in terms of cumula-
tive emissions that will keep temperature change within 2°C, but all of these
values are probabilistic. Even if we knew for certain that 2°C were the true
red line for climate change (and we don’t know this), countries would have
to decide how to balance the cost of reducing emissions with reductions in
the risk of crossing the red line.

The dangerous climate change game with uncertain thresholds

Uncertainty about the threshold for “danger” changes the climate change
game fundamentally.

Consider a very simple game — no treaty. In stage 1, countries choose
their emission levels independently. In stage 2, Nature chooses the tipping
point. When making their choices in stage 1, the players know the proba-
bility density function for the tipping point. What they don’t know is which
value under this function will be chosen by Nature — the “true” value for
the tipping point.

An example will make this clear. Rockstrom et al. (2009) argue that at-
mospheric CO, concentrations should be constrained “to ensure [emphasis
added] the continued existence of the large polar ice sheets”. They note
that the paleoclimatic record implies “that there is a critical threshold be-
tween 350 and 550 ppmv”, and interpret this as saying that if concentrations
are limited to 350 ppmv, then the ice sheets will be preserved, whereas if
concentrations rise to 550 ppmv, then the ice sheets will be lost. In between
these values there is a chance that the ice sheets will disappear, with the
probability increasing with the concentration level. (For reference, last
month’s reading from Mona Loa was about 399.65 ppmv; at the start of the
industrial revolution, concentrations were about 280 ppmv; when the
Framework Convention was adopted they were 356 ppmv).
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Assume that the probability density function is uniform over the range
(350,550).> Assume also that the expected aggregate benefit of reducing the
threat of catastrophe exceeds the cost. What should countries do? Under
reasonable assumptions (Barrett 2013), the collective-best outcome is to limit
concentrations to 350 ppmv. This implements the “precautionary principle”.
Acting independently, however, countries have incentives to reduce emissions
only up to the point where their expected individual marginal benefit equals
marginal cost — under reasonable assumptions, a substantially smaller value.
Indeed, very simple calculations show that it will probably pay individual
countries to abate so little that will they blow right past the critical threshold.
They will cross the 550 ppmv line, guaranteeing catastrophe.

You might think this is just theory and that country representatives
wouldn’t be this dumb. I think there are good reasons to take the prediction
seriously.

Astrid Dannenberg and I have tested these predictions in the experi-
mental lab with real people playing for real money (Barrett and Dannenberg
2012). Putting people into groups of 10, we find that when the threshold
is certain, 18 out of 20 groups avoid catastrophe.® By contrast, when the
threshold is uncertain, catastrophe occurs with probability 100% for 16 out
of 20 groups and with probability no less than 80% for the rest.”

How sensitive are these results? Intuitively, there should exist a critical
amount of uncertainty such that if uncertainty were greater than this
amount, catastrophe would be bound to occur, whereas if uncertainty were
less than this, catastrophe would be avoided. This is exactly what the theory
predicts (Barrett 2013), and in further experiments (Barrett and Dannenberg
2014a), Astrid Dannenberg and I have shown that this result is also robust.
To the left of a critical “dividing line” for threshold uncertainty, we find
that catastrophe is avoided with high probability almost all the time. Just to
the right of the dividing line, by contrast, catastrophe occurs with proba-

5 This means that the probability that the threshold lies between 350 and 400 ppmv
is the same as the probability that the threshold lies between 400 and 450 ppmv, between
450 and 500 ppmyv, and between 500 and 550 ppmv. It also means that the probability
that the threshold lies below 350 or above 550 ppmv is zero.

® In each of the two failing groups, just one individual, a bad apple, caused the trouble,
pledging to contribute his or her fair share and then choosing to contribute nothing.

7 Interestingly, theory predicts that uncertainty about the impact of crossing a critical
threshold should make no difference to collective action (Barrett 2013), another
prediction confirmed in the experimental lab (Barrett and Dannenberg 2012). It is only
uncertainty about the tipping point that matters, and this is a purely scientific matter.
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bility 100%. This research suggests that negotiators can’t rely on science to
solve their collective action problem. Even the new science of “early warn-
ing signals” won’t be able to shrink uncertainty by enough to transform
the behavior of nation states.

This research is helpful, I think, because it is completely consistent with
the behavior we are observing in the real world. As noted before, countries
have agreed to limit temperature change to 2°C, but they have pledged
emission reductions that virtually guarantee overshooting of this target.

If the science of climate change were much more certain, the prospect
of catastrophe would give countries the discipline they needed to act in
their collective-best interest. It would make the dangerous climate change
game a coordination game. Scientific uncertainty makes the emission re-
ductions game a prisoners’ dilemma. The most important thing about a
prisoners’ dilemma is that the collective-best outcome cannot be sustained
by non-cooperative behavior. It requires enforcement, something that the
international system is very bad at doing.

A climate Doomsday Machine
[t is tempting to consider an analogy to nuclear arms control. Herman
Kahn (1961: 107) proposed construction of a Doomsday Machine,
a device whose function is to destroy the world. This device is pro-
tected from enemy action (perhaps by being situated thousands of
feet underground) and then connected to a computer, in turn con-
nected to thousands of sensory devices all over the United States. The
computer would be programmed so that if, say, five nuclear bombs
exploded over the United States, the device would be triggered and
the world destroyed. Barring such problems as coding errors (an im-
portant technical consideration), this machine would seem to be the
‘ideal’ [deterrent]. If Khrushchev ordered an attack, both Khrushchev
and the Soviet population would be automatically and efficiently an-
nihilated.
A Climate Doomsday Machine would connect all the world’s nuclear
bombs to a computer, which in turn would be linked to a sensor at the top
of Mona Loa in Hawaii. This is where readings are taken of atmospheric
concentrations of greenhouse gases. Today, as noted before, the concentra-
tion level is about 400 ppmv. The computer could be programmed to de-
stroy the world should this level top, say, 500 ppmv. With the trigger for
catastrophe being certain, theory and experimental evidence strongly sug-
gest that this device would give the world all the encouragement needed
to stay within 500.
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Of course, I'm not seriously proposing this. The proposal is
unacceptable.®* However, the idea behind it is worth thinking about. The
Doomsday Machine is a purely strategic device. Its sole purpose is to change
the incentives countries have to rein in their emissions and save the world
from dangerous climate change. It works by transforming the prisoners’
dilemma into a coordination game. Thinking about it begs the question:
Are there acceptable strategic approaches that could have a similar eftect? |
shall return to this point later in the paper.

Framing reconsidered

Has a focus on “dangerous” climate change really made no difference?
Under certain conditions, theory suggests that uncertainty about the thresh-
old could mean that behavior won’t change at all, even though the conse-
quences of failing to act will be much worse because of the threat of
catastrophic climate change (Barrett 2012).

But is this result to be believed? Many predictions of analytical game
theory are disproved in the experimental lab. For example, cooperation in
a prisoners’ dilemma typically exceeds the Nash equilibrium prediction
(though the level of cooperation declines rapidly as the players learn that
their efforts to cooperate are not reciprocated). In a one-shot test of the
theory, Astrid Dannenberg and I found that cooperation was higher for the
prisoners’ dilemma with an uncertain threshold for “catastrophe” compared
to a prisoners’ dilemma without any risk of “catastrophe” (Barrett and Dan-
nenberg 2014b). This suggests that, given the risk from “dangerous” climate
change, the wording of Article II of the Framework Convention has prob-
ably helped (though it is the real risk rather than the wording that would
affect behavior). Unfortunately, our experiment also showed that the addi-
tional cooperation wasn’t enough to prevent catastrophe from occurring.

Strategies of reciprocity

My description of the dangerous climate change game left out the role
of an international agreement. I explained before that a treaty could change
the incentives in the game with a certain threshold, ensuring coordination.
Could a treaty help overcome the incentive to free ride when the threshold

8 Nor did Kahn recommend the Doomsday Machine: “If one were presenting a
military briefing advocating some special weapon system as a deterrent ... the Doomsday
Machine might seem better than any alternative system; nevertheless, it is unacceptable”.
(Kahn 1961: 104-105).
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is very uncertain? Theory suggests that an agreement would help very little
(Barrett 2013). The reason is the difficulty of enforcing an agreement to
limit emissions.

Atmospheric concentrations of CO, are determined by the aggregate
behavior of all countries (as mediated by the carbon cycle). Strategies of
reciprocity work very well in two-player games. They work less well when
the number of players is large.

In the climate change game, how many players really matter? Some
countries are bigger emitters than others. However, the top ten emitters ac-
count for only about two-thirds of total emissions, and stabilizing concen-
trations requires driving global net emissions to zero, necessitating the
engagement of nearly all countries.’

The temptation to free ride is further aggravated by the high marginal
cost of reducing emissions substantially. It is sometimes argued that reducing
emissions is cheap. If this were true, however, collective action would be easy.

Another problem is the lack of correlation between a country’s contribu-
tion to emissions and its vulnerability to climate change.To illustrate, William
Nordhaus (2011) has calculated that the “social cost of carbon” is more than
twice as large for Africa, a continent of more than 50 states, as it is for the
United States. Moreover, this gap is growing. Yet, Africa’s emissions are tiny
when compared to those of the United States. Africa is both more vulnerable
to climate change and less able to prevent it from occurring.

Finally, globalization amplifies the incentives to free ride. Abatement by
a single country or coalition of countries will tend to shift emissions towards
the countries that fail to act — a phenomenon known as “leakage”.

It is well known that infinitely repeated play of the prisoners’ dilemma
can allow the full cooperative outcome to be sustained as a (subgame per-
fect) Nash equilibrium, provided discount rates are sufficiently low. The rea-
son 1s that, should a country “cheat” on an agreement to limit emissions,
the others can reciprocate. This suggests that cooperation should be easy.

The flaw in this perspective is that it considers only the interests of in-
dividual countries. It ignores these countries’ collective interests.

Imagine that all the world’s countries come together and negotiate an
agreement that maximizes their collective interests. Later, one country an-
nounces that it will withdraw.This withdrawal would harm the other states,
and they would like to punish this country (or, better yet, threaten to punish
it, hoping to deter its withdrawal). In the context of a treaty, they would

? Unless, that is, substantial amounts of carbon are removed from the atmosphere.
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naturally cooperate to punish the deviant country.To deter a deviation, their
punishment must be big enough that the deviant would be better oft re-
maining in the agreement than withdrawing and facing the punishment.
But the punishment must also be credible. Given that this country has with-
drawn, the remaining N — 1 countries must be better off when they impose
the punishment than when they do not impose it (or when they impose a
weaker punishment). Because so many countries remain in the agreement,
it will only pay these countries to cut their abatement a little. A larger pun-
ishment wouldn’t be credible. A small punishment, however, would be too
little to deter a defection. Continuing in this way, it is easy to see that an
agreement to limit emissions is only self-enforcing if the number of coun-
tries participating is very small. For then, should one country withdraw, the
remaining countries would have an incentive to drop their abatement sig-
nificantly. However, once participation shrinks to such a low level, the treaty
achieves very little.

It may be possible for countries to sustain a high level of participation, but
this would only be true if the gains to cooperation were small. It may also be
possible to sustain a high level of participation if the ambition of the treaty
were set very low. What isn’t possible is for countries to sustain a high degree
of cooperation when the gains from cooperation are very large."

[ have so far focused on participation. What about compliance? A flaw
in the approaches to enforcement taken previously is that they either ignore
participation (as in Chayes and Chayes 1995) or fail to distinguish between
participation and compliance (as in Downs, Rocke, and Barsoom 1996).
Under the rules of international law, countries are free to choose whether
or not to participate in a treaty. However, the countries that choose to par-
ticipate are legally obligated to comply with it (pacta sunt servanda, meaning
“agreements must be kept”). The easiest way to avoid needing to comply
is therefore not to participate in the first place — or to withdraw after be-
coming a party. From the perspective of game theory, the problem is coming
up with a credible punishment that is large enough to deter non-participa-
tion. Once this is done, deterring non-compliance is easy. Remember, larger
deviations can only be deterred by larger punishments, and larger punish-
ments are less credible. What’s the biggest harm a party could ever do? Be-
having as it would were it not a party to the agreement (any bigger harm
would not be credible). So, if the parties can deter non-participation, they
can easily deter a smaller deviation of non-compliance. From both perspec-

1" All of these points are developed in detail in Barrett (2003).
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tives, then, deterring non-participation is the binding constraint on enforce-
ment (Barrett 2003).

This is theory. Is the reasoning compelling? I know of no example from
international cooperation that challenges this perspective. The World Trade
Organization might appear to be an exception, but trade isn’t a global public
good. Trade is a bilateral activity, and strategies of reciprocity are very ef-
fective in sustaining cooperation amongst pairs of players. The Montreal
Protocol on protecting the ozone layer might appear to be another excep-
tion, but as I shall explain later, this treaty works very difterently.

Enforcement of the Kyoto Protocol

The Kyoto Protocol looks at climate change as a prisoners’ dilemma,
demands that certain countries cooperate, and then does nothing about en-
forcement.

How do we know this? The United States participated in the Kyoto ne-
gotiations. President Clinton signed the treaty. However, the United States
never ratified Kyoto. One reason for this is that there were no consequences
to the United States for not ratifying the agreement. Non-participation by
the United States was not deterred.

Canada ratified Kyoto, but failed to adopt the domestic legislation
needed to implement its obligations. As a consequence, Canada’s emissions
exceeded the limit set by Kyoto limit. Once in this situation, Canada had
three options. It could buy permits or offsets to stay in compliance; it could
stay in the agreement and be in non-compliance; or it could withdraw from
the agreement. In contrast to the first option, withdrawal would be costless.
In contrast to the second option, withdrawal would not violate international
law. Not surprisingly, Canada decided to withdraw. The Kyoto Protocol
could not deter Canada from withdrawing.

Compliance with the Kyoto Protocol by other parties is uneven (Haita
2012). However, there are ways to get around compliance. For example,
Japan is maneuvering to achieve compliance partly by purchasing “assigned
amount units” from Ukraine, when Ukraine’s emissions are well below its
“assigned amounts”. In other words, in buying these units from Ukraine,
Japan can comply without emissions being reduced anywhere. This may
seem crazy but the treaty was written to allow this trading in “hot air”.

Finally, countries like China and India are not subject to limits on their
emissions. They participate in Kyoto. They comply with it. But Kyoto does
not require that these countries do anything.

Opverall, did Kyoto contribute to meeting the objectives of the Frame-
work Convention? Did it reduce global emissions? Econometric analysis
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of the Kyoto Protocol by Rahel Aichele and Gabriel Felbermayr (2012:
351) shows that Kyoto did reduce the emissions of participating countries.
However, its eftect on global carbon emissions “has been statistically indis-
tinguishable from zero”.

The most important indicator of whether the objectives of the Framework
Convention are being met is whether the growth in atmospheric concentra-
tions is slowing. It isn’t. If anything, the rate of increase has gone up.!" We are
no closer now to addressing this great problem than we were more than
twenty years ago when the Framework Convention was adopted.

Pivot: From Kyoto to Paris

The Copenhagen talks were supposed to provide a successor agreement
to the Kyoto Protocol. They failed.

A new agreement is now being negotiated under the “Durban Platform”.
It is supposed to be ready for adoption by 2015, when the parties to the Frame-
work Convention meet in Paris. It is supposed to be implemented by 2020.

Since Kyoto’s emission limits ended in 2012, this leaves a gap of eight
years.To fill the gap, Kyoto was given an extension in the form of the Doha
Amendment (which has yet to enter into force). However, it is a further
sign of Kyoto’s failings that Japan, New Zealand, and Russia declared their
intention not to participate this time around.'

The new agreement being negotiated now won't repeat all of Kyoto’s
mistakes, but there is no indication yet that it will improve much on what
countries would have done in the absence of cooperation. Kyoto referred
to its emission limits as “commitments”. However, countries were never
truly committed to meeting these limits; they couldn’t be committed to
meeting these limits so long as Kyoto lacked the means to compel parties
to do more than they were willing to do unilaterally. It is a sign of where
the current round of negotiations are going that in Durban countries agreed
to negotiate a new “protocol, legal instrument or agreed outcome with
legal force”, and that in the recent Warsaw talks they agreed to negotiate
“contributions” rather than “commitments”.

The world clearly needs a new model for cooperation on climate change.

" The data can be found at http://www.estl.noaa.gov/gmd/ccgg/trends/

2 The European Union will participate, because this agreement only requires that
Europe meet the target it declared it would meet unilaterally. The new government in
Australia has introduced legislation to repeal the previous government’s climate
legislation, a sign that Australia may not ratify the Doha Amendment.
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Why the Montreal Protocol succeeded

Kyoto lacks a strategic design. The emissions targets and timetables were
chosen in the expectation that they would be met. No consideration was
given to whether the treaty created incentives for them to be met.

The Montreal Protocol, negotiated to protect the stratospheric ozone
layer, was designed very difterently. R emarkably, while the Montreal Pro-
tocol was not intended to reduce greenhouse gases, it has been much more
successful at doing this than the Kyoto Protocol. It turns out that ozone in
the stratosphere is a greenhouse gas (protecting the ozone layer will thus
add to climate change), as are the chemicals that deplete stratospheric ozone
(reducing these emissions will thus help mitigate climate change) and many
of their substitutes (use of these will thus add to climate change). Calcula-
tions by Velders et al. (2007) show that, by phasing out the ozone-depleting
substances that double as greenhouse gases, the Montreal Protocol has done
four times as much to limit atmospheric concentrations as the Kyoto Pro-
tocol aimed to do.

Why did Montreal succeed where Kyoto failed? A key reason for its
success 1s the threat to restrict trade — in particular, a ban on trade in con-
trolled substances between parties and non-parties (Barrett 2003). The most
important motive for the trade restriction was to enforce participation in
the agreement (Benedick 1998:91). If participation could be enforced, then
trade leakage would be eliminated; moreover, compliance could also be en-
forced (Barrett 2003). Crucially, the trade restrictions in the Montreal Pro-
tocol are a strategic device. Their purpose was not to be used; their purpose
was to change behavior.

How do the trade restrictions work? Imagine that very few countries
are parties to an agreement to limit emissions, and your country is contem-
plating whether or not to join. If you join, you will have to reduce your
emissions. Your country will pay the cost, and the benefits will be diffused,;
the incentives to free ride will not be blunted. If, in addition, you are now
also prohibited from trading with non-parties — the vast majority of coun-
tries — than you will be doubly harmed. By joining, you not only forfeit
the benefits of free riding; you also lose the gains from trade.

Now imagine that almost every other country is a party to the same
agreement. If you join, you still lose the benefits of free riding. But now
you are able to trade with the vast majority of countries. If the gains from
trade exceed the loss from free riding, your country will be better oft join-
ing. Put differently, if every country is a party to such an agreement, none
will wish to withdraw. The agreement will sustain full participation by
means of a self~enforcing mechanism — the trade restriction. Most remark-
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ably, in equilibrium, trade will never be restricted, just as the Doomsday
Device would never be detonated. It is the credible threat to restrict trade
(detonate the device) that disciplines behavior.

Notice that a key feature of this strategy is that “enough” countries par-
ticipate in the agreement. If too few participate, none will want to participate.
If enough participate, everyone will want to participate. Somewhere in be-
tween there exists a “tipping point” for participation. Once this tipping point
has been identified, the treaty only needs to coordinate participation — some-
thing treaties can do very easily. As I said before, treaties need to ensure that
countries are steered towards the desired outcome. In the Montreal Protocol,
this was achieved by the minimum participation clause (Barrett 2003).

The trade restrictions are an acceptable alternative to the Doomsday
Machine. Like the Doomsday Machine, trade restrictions transform the pris-
oners’ dilemma into a coordination game.

Coordination in climate treaties

The Montreal Protocol could be amended to achieve more for the cli-
mate. Hydrofluorocarbons (HFCs) do not deplete the ozone layer, and so
are not currently regulated by the Montreal Protocol. However, HFCs are
a very potent greenhouse gas — one of the six gases controlled by the Kyoto
Protocol. Kyoto has done very little to limit HFCs. In May 2011, the United
States, Canada, and Mexico proposed amending the Montreal Protocol to
control HFCs. If adopted, such an amendment would represent a significant
departure from the approach taken so far to address climate change. It would
mean addressing one piece of the problem, rather than all of it in a com-
prehensive way. And it would likely involve using trade restrictions for pur-
poses of enforcement. I want to underline that the application of trade
restrictions is purely strategic. Other proposals for trade restrictions in cli-
mate policy are very difterent; their purpose is to be used, not to alter be-
havior strategically (Barrett 2011).

There are other opportunities for transforming the climate change game
from a prisoners’ dilemma into a coordination game, especially the appli-
cation of technology standards (Barrett 2003, 2006).

Let me give one example. Another greenhouse gas known as perfluoro-
carbons or PFCs is emitted in the process of manufacturing aluminum. Ap-
parently, these emissions can be eliminated if the anodes being used now
are replaced with inert anodes. According to the United States Environ-
mental Protection Agency’s webpage, “This technology is being pursued
aggressively through a joint R&D program that has been established be-
tween the aluminum industry and the U.S. Department of Energy in its
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Industrial Technology Program”.” The new anode is expected to be avail-
able in 10-15 years.

Here, then, is a suggestion. A new agreement should be negotiated re-
quiring that producers adopt the new technology, and that all parties agree
to import aluminum only from countries that participate in the agreement.
This approach creates a “tipping” phenomenon. Provided enough countries
join the agreement, all will want to join it. Why? To be outside the agree-
ment when most countries are inside means not being able to trade in alu-
minum with most of the world.

This proposal for aluminum would be difterent from Montreal. The trade
restriction would be based on a process standard, not a product standard.
However, I believe it would still be eftective. I also believe it would be com-
patible with the WTO, partly because of the exemptions allowed under Ar-
ticle XX, but also because it would be adopted by a multilateral agreement.

A final point. Another reason Montreal works is that it includes side
payments to address related equity issues. Side payments could also be in-
cluded in an agreement establishing a aluminum production standard. As
in Montreal, any side payments should be based on the “incremental costs”
of adopting the standard. Transfers should be small, and the countries giving
the money should know what they are getting for their money.

Again, this 1s just one example of how the negotiations could be made
more eftective.'* My aim here is not to develop a comprehensive approach
to future climate negotiations but to suggest a new direction. If the nego-
tiators understood their job as needing to achieve coordination, and to think
strategically, they would achieve more — and the climate negotiations
wouldn’t prove so disappointing.
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TOWARDS AN INCLUSIVE “GREEN ECONOMY”’:
RETHINKING ETHICS AND ECONOMY
IN THE AGE OF THE ANTHROPOCENE

ACHIM STEINER

Sometimes, to look afresh at the problems of today, we need to take a
wider view. Not just decades, or centuries. Not even millennia.

Geologists divide the Earth’s existence into periods called epochs.These
can be tens of millions of years long. Each is marked by a radically different
climate, and most culminate in some kind of mass extinction. The
Holocene, for example, started some twelve thousand years ago, when the
glaciers started to retreat from the temperate lands we know today, and
mammoths and sabre-toothed tigers disappeared from our planet.

Some scientists suggest that we have entered into an entirely new epoch.
Nobel Prize laureate Paul Crutzen was the one to give this period its name:
the Anthropocene. And this name may soon be formalised, as the Stratig-
raphy Commission of the Geological Society of London will decide in
2016 if the Anthropocene will indeed become a formal unit of geological
epoch divisions. Dating back to the Industrial Revolution, this is the period
in which the human race became the single most influential factor in our
planet’s future. The mass extinction has already started: it is estimated that
species of flora and fauna are presently going extinct at 1000 times the rate
we could otherwise expect.

To put that into perspective, that places the human race in the same cat-
egory as the asteroid which wiped out the dinosaurs, and 75% of all Earth’s
species, 66 million years ago.

We are not the inheritors of the Earth’s natural resources, but rather, the
custodians. We have a duty of care to the poor, the weak and disenfranchised;
to our children and to their children, to protect and nurture creation.

This responsibility presses upon us as individuals, as communities and
as nations. The treasures of creation are the very base that allows human
society to develop and grow. If we exhaust these resources, there can be
no sustainable social and economic growth. To foster these resources and
thrive, we need to evolve our development ethic and vision. Alongside
that, our very survival as a species could depend upon the adoption of a
new paradigm for transforming the ever dominant economic rationale of
our times which has guaranteed a great deal of wealth but has also begun
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to impoverish our societies and is rapidly compromising the wellbeing of
future generations.

A New Development Ethic and Vision

As individuals and communities we need to respond to a difterent set of
realities and responsibilities in the Anthropocene. 250 years of consumption
have magnified, not reduced, inequality. We need to correct the irrationality
of valuing economic growth and material wealth over happiness, security
and wellbeing.

Yet in decoupling the definition of development from Gross Domestic
Product (GDP), we must ensure we provide a set of positive solutions, rather
than a mere critique of the status quo.

Moving the world’s 1.2 billion poorest to a life of dignity for all will re-
quire recognition that environmental conservation is not an impediment
to development, but in fact the key to a future of economic prosperity,
human wellbeing, and food and energy security for all.

In the lead up to Rio+20 UNEP worked with partners, including the
UN University, to introduce the Inclusive Wealth Indicator (IWI) as an al-
ternative to GDP as a measure of sustainable development.

The IWI is among a range of potential replacements which world lead-
ers can consider as a way of bringing greater precision to assessing wealth
generation in order to realize sustainable development and eradicate poverty.

The wellbeing of humanity and the functioning of the economy and
society ultimately depend upon the responsible management of the planet’s
finite natural resources.

Living within the Earth’s safe operating space — its planetary boundaries
— safeguards humanity from crossing ecological or social thresholds that
could undermine or even reverse development gains.

To achieve sustainable development without crossing ecological thresh-
olds, countries will need to transition to a low-carbon economy, adopt sus-
tainable consumption and production patterns, become more resource
efficient and decouple economic growth from the over-exploitation of nat-
ural resources.

A New Paradigm for Economic Progress and Prosperity
This is the goal of a Green Economy: an inclusive system which creates
jobs and prosperity for all by safeguarding the Earth’s life support systems.
Sustainable consumption and production can yield economic, social and
health benefits, including greater access to markets, social innovation, job
creation and empowerment.
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Sustainable consumption is not necessarily about consuming less. It is about
consuming better — in an intelligent and environmentally sustainable way.

The dominant consumption pattern of affluent societies is a major stress
on natural resources. According to a report by the International Resource
Panel, total resource use grew eight-fold between 1990 and 2000, from 6
billion to 49 billion tonnes.

By 2050, humanity could devour an estimated 140 billion tonnes of
minerals, ores, fossil fuels and biomass per year — three times its current
appetite — unless economic growth is “decoupled” from natural resources
consumption.

More emphasis is required on resource efficiency in government poli-
cies, public and private sector management practices, technology choices,
and investments, so as to deliver more output per unit of input, as well as
less associated environmental damage.

The success of a new paradigm for economic growth will ultimately be
seen in four principle areas: Food, Water, Energy, Natural Capital and Human
Capital.

Food

The world is struggling to feed its 7 billion citizens. Figures from The
Food and Agriculture Organization of the United Nations (FAO) indicate
that 842 million people went hungry between 2011 and 2013, most of
them in the developing world. By 2050, we must find a way to feed an ad-
ditional 2.6 billion people. This means that agricultural production must
increase by 70 per cent, according to World Bank figures

The goal of food security for all cannot be achieved by expanding crop-
lands in pursuit of increased food production, which would bring its own
problems. Agriculture already accounts for more than two thirds of the
world’s freshwater use and is a contributor to deforestation.

Reducing the 1.3 billion tonnes of food lost or wasted each year, equiv-
alent to one third of all food produced and enough to feed the world’s hun-
gry, is one of many sensible ways of tackling the problem — particularly
when one considers that 1.4 billion hectares of cropland, as well as water
and other agricultural inputs, are needed to produce this discarded food.

Pope Francis in June last year said this waste was ‘like stealing from the
table of the poor and hungry’.

UNEP and the FAO last year launched Think. Eat.Save. Reduce Your Foodprint
— a campaign encouraging consumers and business to rethink their practices.

Meanwhile, two billion hectares of agricultural land is currently de-
graded. R ehabilitating this land, which lies largely in areas where local food
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insecurity is highest, could increase food production by 79 per cent. This
has the potential to feed an extra 2.25 billion people.

Intelligent solutions are required to establish a sustainable future. A com-
bination of restoring degraded lands, preventing further degradation, and
reducing waste will have a more positive impact than attempting to boost
production through expansion.

Water

Feeding the projected 2050 population will require approximately 50
per cent more water than is currently used in agriculture globally.Yet more
than 2 billion people live in countries with absolute water scarcity.

Research suggests that with current practices, the world will face a 40
per cent global shortfall between forecast demand and available water sup-
plies by 2030.

Governments are taking steps to improve the management of water re-
sources. In a survey of 130 countries carries out by UNEP and partners, it
was reported that over 80 per cent of countries have reformed their water
laws in the past twenty years as a response to growing pressures on water
resources from expanding populations, urbanization and climate change.

In many cases, such water reforms produces significant impacts on de-
velopment, including improvements to drinking water access, human health
and water efficiency in agriculture.

But global progress has been slower where irrigation, rainwater harvest-
ing and investment in freshwater ecosystem services are concerned.

Energy

Clean, efficient and reliable energy options are indispensable for a sus-
tainable future for all with multiple benefits for development, human health,
environment and climate change.

At the moment, over 1.2 billion people — most in rural areas — don’t
have access to electricity. 2.8 billion rely on wood or other biomass to cook
and heat their homes, causing millions of deaths each year as a result of in-
door air pollution.

Although 1.7 billion people gained access to electricity between 1990
and 2010, this is only slightly ahead of population growth of 1.6 billion
over the same period.

Energy from renewable resources — bioenergy, geothermal, hydro, ocean,
solar, wind — is local, clean, inexhaustible and free. In 2013, almost half of
total new electricity generating capacity came from renewable sources, but
by 2030, the share of renewable energy in the global energy mix will need
to grow to 36 per cent, up from 18 per cent in 2010.
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Energy efficiency improves energy security, reduces greenhouse gas
emissions and increases productivity. Between 1990 and 2010, improve-
ments in energy efticiency have cut over 25 per cent from cumulative global
energy demand. But energy efficiency rates need to double by 2035, oth-
erwise energy-related CO, emissions will increase by around 20 per cent,
according to World Bank estimates.

A global transition to efficient lighting could significantly reduce CO,
emissions. Lighting accounts for approximately 15 per cent of global power
consumption and 5 per cent of worldwide greenhouse gas (GHG) emissions.

Through the en.lighten project, a key contribution to the Secretary Gen-
eral’s Sustainable Energy for All initiative, UNEP assists countries to make
the switch to efficient lighting technologies.

A country such as India, for example, could cut its lighting electricity
consumption by over 35 per cent, which is equivalent to closing 11 large
coal-fired power plants or taking over 10 million cars off the road. Annual
savings would be over USD 2 billion.

Globally, this transformation would yield annual cost savings of over USD
140 billion and can achieve annual CO, reductions of 580 million tonnes.

Natural Capital

Natural capital not being valued is a large part of the reason land and
water systems are being degraded. The Economics of Ecosystems and Bio-
diversity, or TEEB, aims to change this. The initiative, supported by UNEP,
1s encouraging governments to accurately account for the present and future
benefits of their countries’ natural resources.

The share of the poor in global GDP is marginal and is reduced with
the erosion of natural capital. The share of the bottom 40 per cent of the
population in global wealth remains less than 5 per cent.

These people mainly live on small farms, coastal areas and around forests,
and depend on natural capital for their livelihoods, nutrition and health.

Some 2.6 billion people worldwide draw their livelihoods either partially
or fully from agriculture, 1.6 billion from forests, 250 million from fisheries,
and 200 million from pastoralism. It has been estimated that ecosystem serv-
ices and other non-marketed goods make up 50 to 90 per cent of the total
livelihoods of poor rural households.

Degradation of natural resources creates a poverty trap, which leads to a
reinforcing loop of further degradation and worsening poverty. Any reduc-
tion in natural capital stocks negatively affects the wellbeing of the poor
disproportionately and leads to growing inequalities. On the other hand,
investing in natural capital protects livelihoods and creates green jobs.

Sustainable Humanity, Sustainable Nature: Our Responsibility | 281



ACHIM STEINER

For example, a stimulus package for sustainable forest management could
create an additional 10 to 16 million jobs globally at an estimated cost of
USD 36 billion. It is estimated that non-timber forest products can generate
some 4 million person-years of employment annually, along with USD 14
billion in international trade and income for subsistent households. Which
leads us to our next point.

Human Capital

A shift towards sustainable production can contribute to green, inclusive
and decent employment. For example, sustainable agricultural systems tend
to be more labour intensive, as this input replaces often-toxic or polluting
chemical inputs.

Innovative economic and environmental policy reforms, fiscal measures
and green investments can prevent the loss of employment opportunities
in both urban and rural areas, expand and diversify the local job market,
and contribute to the transfer of the technology and skills that are necessary
for long-term poverty eradication and sustainability.

The Partnership for Action on Green Economy, or PAGE, is an inter-
agency initiative founded by the United Nations Environment Programme
(UNEP), the International Labour Organization (ILO), the United Nations
Industrial Development Organization (UNIDO) and the United Nations
Institute for Training and Research (UNITAR).

By taking a country by country approach, PAGE will catalyze up to 30
national economies between now and 2020, and thus contribute to the
global transition to a sustainable future for all.

Today, countries such as Burkina Faso, Peru, Mauritius, Mongolia, and
Senegal are set to boost their economies through a shift of investment and
policies towards a new generation of assets that include clean technologies
and resource efficient infrastructure, green skilled labour, well-functioning
ecosystems, and good governance. Such a transformation will pay significant
dividends in social, environmental and economic terms.

A package of green investments — coupled with policy reforms that are
aimed at making growth socially inclusive — ofters economically viable op-
tions to reduce poverty and hunger, and addresses challenges of climate
change and degradation of natural resources, while simultaneously providing
new and sustainable pathways to economic development and prosperity.

Towards a Green Economy

In a Green Economy, growth in income and employment is driven by
public and private investment that reduces carbon emissions and pollution,
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enhances energy and resource efficiency, and prevents the loss of biodiversity
and ecosystem services.

These investments need to be catalyzed and supported by targeted public
expenditure, policy reforms and regulation changes.

At Rio+20, world leaders adopted the Ten-Year Framework of Pro-
grammes on Sustainable Consumption and Production Patterns (10YFP).
This global framework for cooperation and capacity building is designed
to accelerate the shift towards sustainable patterns and to promote social
and economic development within the carrying capacity of ecosystems.

The text adopted was explicit that the 10YFP should build on existing
initiatives and policies, must contribute to all three pillars of sustainable de-
velopment, and that developed countries should provide leadership in pro-
moting the shift to SCP patterns.

The first 10YFP programme, on Sustainable Public Procurement, just
got underway. Governments spend trillions of dollars each year on procur-
ing goods and services, and redirecting this money into green goods and
services can drive the transition to a more resource-efticient world.

Climate Change: the threat of the Anthropocene

While much of the world’s private capital is locked up in carbon-inten-
sive investment across the developed world, developing country investment
in a low-carbon future is on the rise. Clean energy investments reached
USD 244 billion in 2012, while outlays in developing countries reached
USD 112 million, according to estimates by REN 21 (Renewable Energy
Policy Network for the 21st Century).

World Economic Forum estimates suggest that investment in infrastruc-
ture of an estimated USD 6 trillion annually is needed over the next 16
years to deliver a low-carbon economy. Of this, nearly USD 1 trillion is
over and above the business-as-usual trajectory.

This investment is worth it, however, to head oft the worst impacts of
climate change, which fall most heavily on those who are least able to re-
spond, and often on those who have contributed very little to its causes.

Delayed action on climate change means a higher rate of climate change
in the near term and likely more near-term climate impacts, as well as the
continued use of carbon-intensive and energy-intensive infrastructure, ac-
cording to the Emissions Gap report launched by UNEP and over 44 re-
search institutes from 17 countries ahead of the Warsaw CODP, last year.

UNEDP research shows that even if nations meet their current climate
pledges, greenhouse gas emissions in 2020 are likely to reach up to 12 gi-
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gatonnes of CO, equivalent above the level that would provide a likely
chance of remaining on the least-cost pathway.

The stepping stone of the 2020 global target can still be achieved by
strengthening current pledges and further action, including scaling up in-
ternational cooperation initiatives in areas such as energy efficiency, fossil
fuel subsidy reform, renewable energy and reforestation schemes.

Redefining the Anthropocene

Pope Benedict XVI said: “The ecological crisis offers a historic oppor-
tunity to develop a common plan of action aimed at orienting the model
of global development toward greater respect for creation and for an integral
human development inspired by the values proper to charity in truth”.

Caritas can be understood as a duty of love for God; for creation; and
for one’s neighbour. In this interconnected world, our neighbour could be
on a different continent. Or indeed, yet to be born. Our duty of care is no
longer bounded by traditional spatial or temporal limits.

Almost all faiths and societies share similar notions of responsibility. Em-
bracing this duty will provide a bridge to common understanding between
groups which have, at times, found it easier to focus upon their differences.

We don’t have the luxury of millennia to think about it: we need to
zoom right back in to the here and now, and start making changes to the
way we live on, use and understand our planet. But let us take some hope
from our definition of the Anthropocene. If we live in a human-made age,
we may have the power to re-make it, too.
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THE TWo WORLDS APPROACH
FOR MITIGATING AIR POLLUTION
AND CLIMATE CHANGE

VEERABHADRAN RAMANATHAN®

For that which is common to the greatest number
has the least care bestowed upon it
Aristotle

Synopsis

There is still time to mitigate unmanageable climate changes, particularly,
if we drastically reduce carbon dioxide emissions from fossil fuels and si-
multaneously reduce emissions of the so-called short-lived climate pollu-
tants. Carbon dioxide, the major greenhouse gas released to the air by fossil
fuel combustion is responsible for as much as half to two thirds of the an-
thropogenic eftects on climate change.There is an unexplored synergy be-
tween this new hybrid climate mitigation approach and the objectives of
sustainable development: Poverty reduction and meeting the needs of a ‘larger but
stabilizing population’ while sustaining the life support systems of the planet (1). It
is this synergy I explore and illustrate in this paper.

We must, first, recognize that there are two separate but co-dependent
worlds: The bottom 3 billion, (B3B), who live in a world with minimal ac-
cess to fossil fuels while the top 4 billion live in T4B, a world with seemingly
inexhaustible supply of affordable fossil fuels. Using emission of climate
warming pollutant carbon dioxide as a metric for energy access, the entire
B3B world contributes only 6% of fossil CO, emissions while about 2.5
billion in T4B contributed as much as 85%. Global eftorts such as decar-
bonization of the economy and reduction of the carbon intensity of energy
consumption are essential to slowing down climate change but these poli-
cies apply to the life styles of a select 1.1 billion in T4B.

It 1s my thesis that, to avoid unmanageable climate changes, we must
place equal emphasis on three fronts: limiting per capita CO, emissions to

* Gratefully acknowledge the Pontifical Academies for the privilege of planning and
organizing the workshop with Sir Partha Dasgupta, Bishop-Chancellor Marcelo Sinchez
Sorondo and Archbishop Roland Minnerath.
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about 10 tons/PP/Year which will affect about 1.1 billion in T4B; reduce
drastically emission of short lived climate pollutants by both T4B and B3B;
and enable sustainable and clean energy access for the three billion (B3B)
living at the base of the energy pyramid. The synergistic part of this two-
worlds approach is that it will drastically reduce air pollution which claims
about 7 million lives and in addition destroys tens of millions of tons of
crops every year; cut by half the deforestation due to firewood harvesting;
and most importantly remove one of the major impediments (lack of energy
access) for poverty reduction. Currently about a third of food produced for
human consumption is wasted. Reduction of food waste by half is another
low hanging fruit for such an action will reduce carbon dioxide emissions
by about 1.5 billion tons every year.

The approach outlined here requires a combination of top-down ap-
proaches of global policies as well as bottom up approaches of interventions
in the field at the sub- national and national levels. Examples of actual in-
terventions at the rural level and national level are given to illustrate the
two-worlds approach.

Nexus between Energy Access, Human Development and Environment
Access to modern forms of fossil fuel energy is a fundamental necessity
for human development and wellbeing (2). The striking feature of the energy
access issue 1is the incomprehensible gap between two groups of population
in the world. The gap is so wide that it can best be comprehended and ana-
lyzed better if we assume the two groups are living in two difterent worlds.

About 3 billion (thousand times million or 10”) people, living mostly in
rural areas, depend on solid biomass or solid coal for basic energy needs such
as cooking and home heating. Cleaner fossil fuels (gas and electricity) for cook-
ing or heating are either not available reliably (every day) or if available, they
are not affordable since the 3 billion live under $2.5 (PPP) a day (Fig. 1).

Most (90%) of the B3B live in rural areas and rely mostly on subsistence
farming and the rest (10%) are in urban or the margins of rural to urban
areas. About 1.3 billion of this 3 billion lack access to electricity even for
lighting. We will be adding at least two more billion people this century
and without a concerted global effort, most of the additional two billion
will likely inhabit B3B or the lower income groups in T4B.

The costs of relying on solid biomass and solid coal for basic energy
needs to the well being of humanity and that of nature are enormous, both
locally and regionally. Exposure to the toxic particles and gases inside the
smoke filled kitchens are responsible for about 4 million premature deaths,
mainly among women and children, annually. The smoke escapes outdoors
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Figure 1. Percent of people in the world at different poverty levels, 2005.

and 1n a matter of days, becomes widespread brown clouds over thousands
of kilometers (3) and causes a million more deaths (4, 5).

The black carbon (also known as soot) from the smoke settles on glaciers
and contributes to melting. This problem is particularly severe over the Hi-
malaya/Tibetan region, which provides the head, waters for the major Asian
river systems. The particles in the smoke intercepts sunlight, which affects
regional climate and disrupts monsoon rain fall patterns. The changes in
climate and the gases in the brown clouds damages crops and reduces agri-
culture yield (6, 7). A detailed review of the brown clouds problem can be
found in Ramanathan and Carmichael (8) and UNEP-WMO (9). Con-
sumption of solid biomass fuels also leads to deforestation of about a billion
tons of firewood, every year.

The bottom three billion people are a world apart from the rest of the
4 billion population, even if they are living side by side in the same rural
area or in the same city. The 4 billion in T4B have almost unlimited access
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to modern forms of fossil fuel energy. Even among this 4 billion, there are
huge disparities in energy access. One reliable metric of access is the amount
of CO, emitted to the atmosphere by fossil energy consumption. In 2003,
roughly 1 billion emitted as much as 50% of the total fossil CO,; the next
1.5 billion emitted about 35% and the last 1.5 billion in T4B emitted only
10% (10). About 0.9 billion of this 1.5 billion are in urban slums (11).The
3 billion in B3B emit just 5%.The climate change resulting from emissions
of CO, is one of the biggest threats to sustainability facing society (12). In
addition, the added CO, increases the acidity of the surface waters of the
oceans with major implications for the marine ecosystems and food chain.

[t is convenient to sub-divide the T4B, some what arbitrarily, into low
income (1.5 billion), middle income (1.4 billion) and high income (1.1 bil-
lion high emitters). The CO, emission from these three groups correspond
reasonably well to their income as follows (inferred from Chakravarty ef al.,
10): 2.6 giga tons for T4B_low income; 8.9 giga tons for T4B_middle in-
come;and 13 giga tons for the T4B_high income.The per capita emissions
are respectively: 1.5 ton/PP, 6.4 tons/PP, and 12 tons/PP.The emission and
per capita emission for the 3 billion in B3B are respectively 1.5 giga tons
and 0.5 tons/PP. If business as usual continues, the per capita emission is
projected to nearly double for the T4B by 2030.The challenge for climate
mitigation actions is to maintain the emission by the high and middle in-
come at current levels while allowing much more energy access for B3B
and the 1 billion slum dwellers in T4B.

Climate Change: Causes and Effects

Power generation, agriculture, industry, transportation and other sectors
of the economy have increased the concentration of carbon dioxide and
other greenhouse gases to the atmosphere. Until 1975, scientists assumed
that CO, was the main anthropogenic or manmade greenhouse gas (13).
This picture changed drastically when it was discovered that Chlorofluo-
rocarbons, on a per molecule basis, could be up to ten thousand times
stronger than the CO, greenhouse effect (14). Chlorofluorocarbons (a
banned substance now), belonging to the chemical family of halocarbons,
were used as refrigerants and propellants in deodorizers and drug delivery
pumps. The other potent greenhouse gases that were added to the list in-
clude methane, nitrous oxide, ozone and others. These gases trap the heat
(infrared energy) radiated by the earth and the atmosphere and lead to
warming. In addition, certain sources such as diesel used in transportation
and biomass for cooking and heating emit black carbon (soot) particles,
which trap incoming sunlight and lead to additional warming. Carbon
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dioxide contributes about 55% of the heat trapping and 45% from the other
climate warming pollutants. The sectors, which emit these pollutants, also
emit other particles that reflect sunlight (back to space) and oftset (or mask
the warming) some of the warming eftect of the heat trapping pollutants.
There 1s quite a bit of uncertainty in this masking eftect with estimates
ranging from 30% to 60%.

We have already added enough greenhouse gases to warm the planet by
more than 2°C (Figure 2 below from Reference 15) during this century.
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Figure 2. The probability distribution of warming that would ultimately (this century) result from
the greenhouse gases that are already in the atmosphere. The various components of the climate
system that could tip over are shown as a function of the warming.

Furthermore, the emission of certain climate warming gases, particularly
that of CO,, is continuing unabated. If the trend continues, we can witness
unprecedented warming of 2°C by 2050 and 3°C to 4°C by end of this
century (Figure 2;also see Reference 12). The worse consequences of such
a large warming are yet to be unraveled but the impacts will likely include
severe events such as intense droughts, cyclones, heat waves, rapid melting
of sea ice and glaciers that provide head waters for major rivers and rising
levels threatening the existence of islands, deltas and low-lying coastal areas.
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Climate Change Mitigation: Near Term and Long Term

There are two separate but linked problems that have to be dealt with.
First, in the near-term (by mid century), the warming (from pre-industrial
times) in the absence of any mitigation actions can exceed 2°C.The second
problem is that by end of century, the warming can exceed 4°C. The
Copenhagen accord recognized 2°C warming as a potential threshold for
dangerous interference with the climate system.The lifetime of a CO, mol-
ecule in the atmosphere is very long. About 45% of the CO, emitted today
can remain in the atmosphere for a century and about 20% remain longer
than few centuries. The warming due to CO, that we experience today is
a result of accumulated emissions over the last 200+ years. As a result of
the long life-time, emission reductions today will take several decades to
mitigate the warming and will not reduce much the probability of the
warming exceeding 2°C in the near term, i.e., by 2050. However, without
mitigation of CO, emissions beginning now, we have no hope of keeping
the longer-term (end of century) warming below 2°C.

Fortunately, the other climate warming pollutants can come to our res-
cue for mitigating near term warming. My studies (8, 15, 16) suggest that
1/3 of the warming is caused by four other pollutants: 1) methane, which
leaks out of waste dumps, natural gas, fires, paddy fields and cattle; 2) black
carbon, which is a particle and is the dark stuft that comes out of diesel
trucks, biomass cook stoves, brick kilns and open fires; 3) ozone produced
in the lower atmosphere by air pollutant gases such as carbon monoxide,
methane, nitrogen oxides; 4) Hydrofluorocarbons (HFCs) used as refriger-
ants. Black Carbon is the second largest warming agent (8); next to CO,
and methane is the second largest greenhouse gas warmer next to CO,,.
Collectively these 4 warming pollutants are referred to as Short Lived Cli-
mate Pollutants (SLCPs), because their lifetime in the atmosphere is short
compared with the century or longer lifetime of CO,. The air pollution
from sources that emit the SLCPs also causes deaths in millions, destruction
of crops in millions of tons, melts snow packs and glaciers worldwide. The
good news is there are technologies to cut their emissions rapidly so we
can slow down the warming caused by the other 1/3 of the warming agents
within our life times.

‘We basically have two knobs: one knob is for dialing down the carbon
dioxide emissions and that is largely a Top 4 Billion problem. The other
knob is the SLCP knob to dial down emissions of the short-lived pollutants.
The SLCPs are anywhere between 25 to 4000 times more potent (per ton
of emission) than carbon dioxide and they don’t live long. The life times of
these pollutants are short and vary from a week (black carbon) to a decade
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(methane) or two (HFCs). As a result, actions taken today to reduce them
drastically, will lead to reduction in the warming trends within few decades
and thus address the near-term problem. UNEP has formed the Climate
and Clean Air Coalition with over 30 member nations to target mitigation
of SLCPs (http://www.unep.org/ccac/).

Technologies exist to drastically cut the emissions of these SLCPs. For
example, California reduced emissions of black carbon from diesel com-
bustion by 50% since the 1980s using combinations of improved fuels and
soot filters (Ramanathan et al., 2013). The state also cut its emissions of
ozone precursor gases by about 80%.

Reducing SLCPs in parallel with carbon dioxide reductions can keep
global warming below 2°C though this century and reduce end of century
(2100) sea level rise by as much as 30% and thus significantly increase the
probability of limiting sea level rise below one meter until 2100 (16,17).
The required reductions (also see IPCC (12)) are in the range of: about
30% reductions in CO, by 2030 to 50% by 2050 and to zero emissions by
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Figure 3. Simulated temperature change for various scenarios. The observed temperatures are
shown by the magenta graph. The BAU line shows simulated temperature for the business-as-
usual assumption. The CO,-line includes mitigation of just the CO, emissions; the SLCPs-line in-
cludes just mitigation of short lived climate pollutants and the green line allows for mitigation of
€0, as well as SLCPs. Reproduced from Ramanathan and Xu (16).
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2070. For the SLCPs the required reductions range from 40% for methane,
80% for black carbon and elimination of HFCs emissions by 2030. These
reductions, while drastic, are practical and achievable. For example, replace-
ment compounds are already available for HFCs. With respect to black car-
bon, California has reduced its black carbon emissions by 90% from 1960s
to 2000.The reductions in SLCPs would cut the projected warming trends
from now to 2050 by nearly half (9,17). Mitigation of SLCPs also help save
over 3.5 million lives lost to air pollution every year and save as much as
hundred million tons of cop damages and significantly slowing down retreat
of Himalayan glaciers.

The Two-World Approach for Mitigation

While all of human population will be impacted by climate change, the
lack of access to energy will make B3B especially vulnerable to extreme
events with devastating consequences. This is problematic since the B3B
world had the least role in the build-up of the heat-trapping greenhouse
gases in the atmosphere. We have to find an equitable way to apportion the
responsibility for mitigating the harmful emissions.

We will first discuss the mitigation issue from the T4B perspective. There
is rancorous exchange between developing and developed nations about who
is responsible for global warming. The developing nations point out that about
70% ot the CO, and other greenhouse gases in the atmosphere was dumped
by about 30% of the global population in developed nations. The developed
nations respond, in turn, that as the developing nations industrialize using
fossil fuels, their emissions in the coming decades will far exceed levels that
can trigger dangerous climate changes and mass extinction of species.To jus-
tify their case, the developed nations point out how China is now the top
emitting nation of CO,, even more than that of US’. The two worlds ap-
proach moves the debate away from such national conflicts.

Increases in consumption and population are two of the major issues
with respect to increase in fossil fuel use. Other confounding issues are the
rapid urbanization and the increase in the “middle class’ work force (19,
20). Fossil fuel combustion released about 25 Giga (billion) tons of CO, in
2000 and it is now (Year 2010) 32 giga tons (12).The 7 giga tons increase
was contributed by: Population increase (3 giga tons); economic growth
(6.5 giga tons); while decarbonization and reduction in carbon intensity
offset 2.5 giga tons of the 9.5 giga tons increase. The other major demo-
graphic trend is urbanization (Figure 4).

While the rural population stabilizes around 3.3 billion, the urban pop-
ulation increases from the current 3.7 billion to excess of 5 billion by 2050.
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Figure 4. Trends in rural and urban population. Reproduced from UN_Habitat- Global Urban Ob-
servatory.

However, most of the increase is due to increase in slum dwellers, who are
projected to double from 1 now to about 2 billion in 2050 (UN habitat;
also see 19).

If fossil fuel continues to increase at the rate witnessed during the 2000
to 2010 decade, CO, emission from fossil fuels can grow to 43 Giga tons
by 2030, when the population is projected to reach about 8.1 billion (10).
To keep the warming below 2°C, we need to maintain the 2030 emission
at or below 30 giga tons, i.e., below the 2010 emission of 32 giga tons. The
per-capita emission of CO, by the B3B is about 0.5 tons/year, while within
the upper 1.1 billion of T4B the per capita emission ranges 10 tons/year to
as high as 50 tons/yr. (10). It has been estimated that capping the per capita
emission at about 11 tons/year will reduce the projected emission from
T4B by 13 giga tons/year, achieving the target emission of 30 giga
tons/year. Such a cap will affect only the upper 1.1 billion in T4B (10, 18).
As discussed elsewhere (2, 12), the 1.1 billion in T4B can achieve this by
decarbonization of the economy and reduction in carbon intensity of en-
ergy consumption. The specific steps include: Switching to renewables; car-
bon capture and storage; improvements in energy use efficiency; drastic
reduction in wastage of energy in buildings and clean transportation sys-
tems; among many others (2, 12).
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On the opposite extreme, we hope that the B3B can catch up with the
average living standards of, at least the lower income within the T4B. The
compass is pointing in the right direction for this to happen during this
century. For example “middle class” wage earners (earning more than
$4/day PPP) increased from 332 million workers in 1991 to 1100 million
in 2011 and projected to increase to 1700 million by 2017 (20). But it B3B
achieves this by relying on fossil fuels with per-capita CO, emission of
about 4 tons/year, the emissions of the B3B will increase from the current
1.5 billion tons to 12 billion tons per year. For T4B to still meet the goal of
limiting global CO, emission to 30 giga tons/yr. by 2030, T4B has to reduce
its emission by another 12 giga tons: a reduction of 60% in 15 years! Clearly,
it is to T4B’s own advantage to enable B3B climb on the cleaner renewable
ladder instead of the fossil ladder. Global population is projected to reach
about 9 billion during this century, which further exacerbates the challenges
faced by T4B in reducing CO, emissions.

The basic energy needs for the B3B are: cooking, lighting, heating and
pumping water for home use and for irrigation. Such energy and water ac-
cess 1s crucial to lift the 3 billion out of energy poverty as well as monetary
poverty. It is for this reason that the United Nations initiated the Sustainable
Energy Access for All Program (http://www.se4all.org). Technologies are
available oft-the-shelf to provide access to clean, renewable energy without
increasing their CO, emissions. The cost for providing this access can be as
high as $90 billion per year (2) but it pales compared with the $1100 billion
cost (2) for decarbonizing T4B sufficiently to mitigate 13 billion tons/year
of CO, emission by 2030 (2). More importantly, steps for providing energy
access to B3B can be initiated by bottom-up sub-national and bi-national
efforts with philanthropists and entrepreneurs playing a major role (21).The
main motivation is that such steps can also substantially contribute to cli-
mate mitigation. Three examples are given below.

1) Advanced Cook Stoves and Solar Lighting for B3B.The woody biomass
used for cooking leads to deforestation of about 1 billion tons of woody bio-
mass which is equivalent to 1.5 billion tons of CO, emissions; and another 2
billion tons of CO,-equivalent through emissions of the short lived climate
pollutants: black carbon, methane, and ozone. The smoke from the cooking
kills over 4 million annually. It is the second- to third-largest source of outdoor
air pollution in south Asia;as mentioned earlier, the pollutants destroy millions
of tons of crops; exacerbates the melting of Himalayan/Tibetan glaciers; weak-
ens the monsoon. Deforestation combined with monsoon disruption depletes
water availability; and worse, women have to walk about 1 to 5 hours per day
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to collect firewood. Recognizing the importance of enabling clean cooking
to rural areas of the world, the United Nations has formed an alliance called:
Global Alliance for Clean Cook Stoves (http://www.cleancookstoves.org). I
will report below a bottom-up multi institutional approach to the cook stove
problem that was incubated under UNEP.

Project Surya (see www.projectsurya.org) started in 2007, demonstrated
that improved forced-draft biomass cooking stoves could drastically reduce
emissions of black carbon, CO,, and other pollutants (Kar ef al., 2012). But
there are several problems related to the adoption of the new technology.
One of the major ones is the cost. At about $75, it is about a month of
wages for the head of the household. The second is that the mud stove pro-
vides lighting (the exposed fire) and the new advanced cook stoves cut the
lighting since the combustion happens in enclosed chamber. So, we have
to provide additional lighting for those using the improved cook stoves.
Project Surya provides battery-operated lamps at cost of about $25. The
battery for the solar lamp and for the fan in the forced draft stoves is charged
by photovoltaic (Solar). Replacement of kerosene lamps with solar-charged
lamps saves another billion tons of CO, equivalent emissions. The package
cost about $110, further worsening the affordability issue.

Social scientists have learnt by experience that we are not going to solve
this problem by giving away things to the poor, because it is not sustainable.
We have to develop good business models, so that women earn their way to
energy access and sustain it. Project Surya has initiated a major pilot project,
Climate Credit Pilot Phase (see C2P2 in www.projectsurya.org), to explore if
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rewarding women directly with funds from voluntary carbon markets for using
improved stoves and solar lighting will significantly enhance women’s ability
to sustain adoption of these energy efficient technologies. The secondary goal
of the project is to establish a stable carbon market-based revenue source by
developing a methodology that awards climate credits for reductions in carbon
dioxide and in non-carbon dioxide climate pollutants (including black carbon).
By accounting for reductions in non-CO, climate pollutants, along with re-
ductions in CO,, each household can triple the financial returns generated
from a carbon market, thereby creating sufficient revenue to sustainably scale
up this model. At $8 market value for the carbon credit in the voluntary carbon
market, the participating woman can earn about $40 per year of usage, thus
recovering the cost of the advanced stove and solar lamp in 2.5 years. One
unique part of C2P2 is the use of cell phones to collect data on cook stove
usage and on compliance by women participating in the program.The Energy
Resource Institute of India, The University of California at San Diego (UCSD)
and Nexleaf Analytics of Los Angeles has launched the project with 5000
stoves. A climate mitigation fund has been created by UCSD with funds from
a private donor to demonstrate the viability of the method (C2P2_MC-
QUOWNS5000 in www.projectsurya.org).

The T4B can enable the adoption of clean cooking/lighting technolo-
gies by participating in the voluntary carbon market funds. If it is adopted
by all of B3B (3 billion population with about 600 million homes) and
each member of the 1.1 billion in T4B contribute to the climate credit for
one cook stove ($30) or one solar lamp ($10) per year, the funds will gen-
erate about $22 billion to sustain the use of the clean cooking and lighting
technologies by the 600 million homes.

2) Oft-grid and Micro-grids for solar power for water access. Micro-grids
or off-grid of solar power is required for farming and other small-scale in-
dustrial needs, i.e., instead of using highly polluting diesel pumps to extract
water for irrigation, solar water pumps should be deployed, which are now
available in the market in even remote rural locations in India. The reason
I added the farming is that most villagers (at least in India) can afford to
have only one crop per year due to energy and water limitations. The one
crop per year, since the villagers only few acres each, is barely enough to
meet their own food demand. They need the second and third cropping
for extra income: education, buying other goods, and health care. Their
water comes from rainwater or irrigation. In many parts the river water is
either diverted to the burgeoning cities or dries out due to unsustainable
draw down upstream. Solar micro-grids are a much better option since the

296 Sustainable Humanity, Sustainable Nature: Our Responsibility



THE TWO WORLDS APPROACH FOR MITIGATING AIR POLLUTION AND CLIMATE CHANGE

main grid is off limits or, if it is available, they are unreliable with just few
hours of power supply. The micro-grids are becoming very popular in rural
areas of S. Asia and Africa and have to be scaled-up. Distributed solar pho-
tovoltaic and solar micro-grids can provide electricity for lighting and small-
scale industry, replacing highly polluting (and expensive) kerosene lamps
and diesel generators. Diesel is one of the major sources of black carbon,
the second largest contributor to global warming.

3) The Transportation Sector.This is a case where sub-national participation
can go a long way toward mitigation of air pollution and climate change
and help promote human wellbeing. The transportation sector consumes
about 28% (91 Exa joules) of the global energy demand and contributes to
23% of fossil fuel CO, emissions. It is also slated for the fastest growth in
the coming decades with respect to energy consumption and CO, emis-
sions. In addition, in industrialized nations it is a major source of black car-
bon and NOx in cities, which leads to ozone production (SLCPs). Even in
developing nations like India, the transportation sector (diesel vehicles) con-
tributes more than 40% to black carbon emission in cities such as Bangalore.
California which had some of the most polluted cities in the world (e.g.
Los Angeles) in the 1960s, employed cleaner diesel fuels, engine technolo-
gies and diesel particulate filters to cut down its black carbon and ozone
precursor emissions by 90% from 1960s to now. A program has been started,
called India-California Air Pollution Mitigation Program (http://ra-
manathan.ucsd.edu/about/icamp.php), which brought scientists, technol-
ogists and policy makers from California and several states in India to
exchange knowledge and expertise to develop an action agenda to reduce
emissions of air pollutants, including short-lived climate pollutants in India.
Similar national and sub-national partnerships are being formed under the
Climate and Clean Air Coalition of UNEP to reduce short-lived climate
pollutants (http://www.unep.org/ccac/).

Synergy with Sustainable Development Goals

Basically the world we live in has about 3 billion in rural areas and 4
billion in urban areas with 1 billion of urban dwellers in slums, mostly mi-
grated from rural areas for a better life. In the two-world approach, we in-
cluded the slum dwellers under the Top 4 Billion world because they have
access to energy. Whether or not they can afford it are a socio-economic
issue and not an energy access issue.

Goals of sustainable development include meeting the needs of the pop-
ulation (in both worlds), eliminating hunger and poverty and preserving

Sustainable Humanity, Sustainable Nature: Our Responsibility | 297



VEERABHADRAN RAMANATHAN

the life support systems. In this concluding section I explore the synergy
between the two-world approach for mitigation of air pollution/climate
change and sustainable development.

Local and regional climate changes unleashed by a 2°C to 4°C warming
are likely the biggest threat to sustainability of the present or future gener-
ations. Basically, we have to hold carbon dioxide emission at current levels
until 2030 and reduce it to near zero by 2070. For the 2030 period, the re-
quired reduction is about 13 billion tons/year of carbon dioxide emission
compared with business-as-usual scenarios. With current growth rates, car-
bon dioxide emission in projected to increase by about 50% by 2050. Even
under such fast growth rate scenarios, the B3B still have very poor access
to fossil fuel energy. To meet sustainable development goals, however, my
analyses suggests the following mitigation actions:

* Limit maximum per capita emission to about 10 tons/PP/year until
2030 and reduce it to near zero by 2070. This action will mainly affect
the 1.1 billion high-income groups in T4B (10).The per capita emission
by the rest of 6.9 billion population is less than this upper limit.

* Reduce both CO, and the four short-lived climate pollutants (methane;
black carbon; ozone and HFCs). The SLCPs, by themselves, can reduce
the rate of warming in the coming decades by about half; save 4 million
lives; avoid hundred million tons of crop damages; and slow down the
meting of Himalaya glaciers.

* Enable clean energy for cooking and lighting to B3B. We show how by
using voluntary carbon markets funded by T4B at a cost of about $22
per person per year, just among the high-income 1.1 billion emitters,
advanced cook stoves and solar lighting can be accessed by every one in
B3B. If the new technologies are adopted by every one in B3B, it will
reduce carbon dioxide emissions from deforestation by about 1 billion
tons every year; will reduce black carbon emissions sufficiently that the
climate mitigation potential is equivalent to eliminating another 2 billion
tons of carbon dioxide emissions. With respect to sustainability goals, this
will save 4 million lives every year; slow the rate of warming and melting
of Himalayan-Tibetan glaciers; increase monsoon rainfall. More impor-
tantly, it will save each woman using the new technologies about 1 to 5
hours of lost time in collecting firewood and dung.

* Enable micro-grid and off-grid solar power for access to water (potable
water and irrigation water) of B3B. This would make rural life much
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more sustainable and mitigate carbon dioxide and black carbon emissions
from diesel generators.

* Initiate sub-national and nation-to-nation collaborative projects to share
the knowledge and actions to reduce air pollution and GHGs emissions
from out-dated technologies in the transportation and industrial sectors
in developing nations. Examples of such initiatives are given in the text.

* Drastically reduce the food waste. About 1/3 of the global food pro-
duction is wasted (FAO Report,2014). Roughly 3.3 billion tons of CO,
emissions were emitted to produce this wasted food. If we can cut this
waste by half, we can reduce CO, emissions by 1.6 billion tons, which
is the total emission by the entire B3B and can account for 12% of the
13 giga tons/year emissions we need to reduce by 2030.
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MAINSTREAMING THE VALUES OF NATURE
FOR PEOPLE INTO DECISION-MAKING

GRETCHEN C. DAy

There are three pathways to wisdom.

The first is through contemplation, and that is the noblest.
The second is through imitation, and that is the easiest.
The third is through experience, and that is the bitterest.
(Confucius)

Summary

Promising efforts to harmonize people and Nature are being launched
worldwide, in ways that reflect this ancient Confucian proverb. They are
designed to help individuals and institutions see the values of Nature; to
replicate models of success for integrating Nature’s values into decision-
making; and, thereby, to avoid devastating consequences of their loss.

Lights of innovation shine in many regions of the world. In terms of
pace and scale of policy innovation, China and Latin America stand out es-
pecially. Key challenges remain, however, in fundamental understanding of
the vital connections between people and Nature, and the institutions and
governance systems through which these intimate, yet often hidden, con-
nections can be made visible priorities for investment. Rapid advances are
urgently needed to move from the initial awakening underway today to a
deep and lasting societal transformation.

Introduction

The idea that ecosystems are vital assets, utterly essential to human well-
being, has emerged over the past decade in many arenas that formerly
seemed far from matters of ecology and conservation. Globally, “natural
capital” now appears in society’s thinking about agriculture, water, energy,
health, fisheries, forestry, mining, cities, and the infrastructure supporting
these and other vast sectors — and it is increasingly evident in the ways com-
munities, corporations, governments and other institutions frame decisions
(e.g., Ouyang, 2007; MEP and CAS 2008; Li ef al. 2005; Rapidel et al. 2011;
Goldstein et al. 2012; Levy et al. 2012; Kieseker et al. 2010). In particular,
there is growing demand for rigorous approaches that integrate the values
of natural capital into major development decisions, in order to reverse the
degradation of Earth’s life-support systems and enhance human well-being.
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Now marks a key moment for the communities working on this grand
challenge: to reflect on what has been learned in this creative, yet highly
dispersed, phase of innovation. Our planet remains besieged by massive
degradation and growing threats of catastrophic change. How can we help
channel and magnify the energy of this movement into large-scale, durable,
improved outcomes for Nature and people?

A wide range of strategies is needed. After a bit of background, I will
focus my brief remarks on meeting and cultivating further demand from
decision-makers now. This requires rapid advances on four science and pol-
icy frontiers: (1) fundamental understanding of ecosystem services, human well-
being, and their inter-linkages, in biophysical, economic, social, institutional,
and governance domains; (ii) practical, science-based tools, tailored initially for
use in highest-leverage decision contexts; (ii1) pilot demonstrations that im-
plement new understanding and tools in such key decisions contexts, in di-
verse sites and sectors globally; and (iv) engaging leaders and building capacity
to achieve transformative and lasting change. I will ofter two real-world ex-
amples of how these advances are unfolding, in China and Latin America.

Background
Living Natural Capital

The world’s ecosystems — Earth’s lands, waters, and the myriad types of
organisms embedded within them — are vital to human well-being. If prop-
erly managed, they yield a stream of “ecosystem services” that sustain and
fulfill human life. These include the production of goods, such as seatood, crops,
timber, and many industrial products, a familiar part of the economy. Sec-
ond, the services also include less visible life-support processes, such as water
purification, pest control, crop pollination, flood control, and climate stabi-
lization. Third, they include life-fulfilling conditions, such as the beauty and
uniqueness in Nature that spawn deep cultural attachments to place, and
that improve aspects of cognitive function and mental well-being. Fourth,
ecosystem services include the preservation of options and resilience, such as
those embodied in biological diversity, from genetic to ecosystem levels.

Framing ecosystems as natural capital assets is a way of incorporating
human impacts and dependence on Nature into mainstream decision-mak-
ing. This framing shows starkly that — relative to other forms of capital (phys-
ical, financial, human, and social forms) — living natural capital is poorly
understood, scarcely monitored, and in many important cases undergoing
rapid degradation and depletion (Daily ef al. 2000; Balmford ef al. 2002; NRC
2005; Dasgupta 2010). Often its importance is widely appreciated only upon
loss, such as in the wake of Hurricane Katrina or the Asian T'sunami.
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Including the value of ecosystem services in the decisions of govern-
ments, corporations, traditional cultures, and individuals is designed to
broaden our understanding of the roles Nature plays in our lives and the
reasons — including the moral imperative — for conserving it (e.g., Leopold
1949, Norton 1987, Ehrenfeld 1988, Rolston 2000, Daily and Ellison 2002).

The Opportunity Today

Mainstreaming ecosystem services into everyday decisions requires a sys-
tematic method for characterizing their value — and the change in value
resulting from alternative choices. Unlike the tools we apply to measure
the value of traditional economic goods and services, which are already well
established and integrated into decisions, we have no existing accounting
tools to measure the value of ecosystem services (MA 2005; NRC 2005;
Miler et al. 2008).

‘What makes it possible to change this today? Four big advances of the
last decade ofter promise that mainstreaming ecosystem service values into
decisions is within reach. First, the Millennium Ecosystem Assessment rep-
resented a visionary step in global science — it was the first comprehensive
assessment of the status and trends of the world’s major ecosystem services.
The key finding of this assessment was that two-thirds of the world’s ecosys-
tem services were declining, a finding that captured the attention of world
leaders (MA 2005).

Second, the science of ecosystem functions and processes has made huge
advances, so that we can now model (albeit with uncertainty) the impacts
of management decisions and activities across landscapes and seascapes on
a wide variety of ecosystem processes. Ecological science has also become
adept at spatially explicit modeling, essential for mapping ecosystem services
and their distribution to people (e.g., Chan ef al. 2006, Rokityanskiy ef al.
2007, Bennett et al. 2009, Nelson et al. 2009, Harrison et al. 2010, Goldstein
et al. 2012, Guerry et al. 2012).

Third, economic valuation methods have been applied to the spatial pro-
vision of ecosystem services to estimate the monetary value of benefits and
the distribution of those benefits to different segments of society (NRC
2005, Naidoo and Ricketts, 2006). In addition, qualitative and quantitative
methods from other fields are now being applied to gain better understand-
ing of the psychological, social, and cultural importance of ecosystem serv-
ices, and of shared values that people hold together (e.g., MA 2005, US
EPA 2009, Bratman et al. 2012, Daniel et al. 2012, Kenter et al. 2014).

Lastly, experiments in payments for ecosystem services, in ecosystem-based
management, and in regional planning give us the empirical data to evaluate
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approaches to valuing ecosystem services and incorporating values into de-
cision-making (Barbier ef al. 2008, Pagiola and Platais 2007, Zheng et al. 2013).
There is a growing recognition that bundling together of ecosystem services
and explicit attention to tradeoffs will both better inform decisions, and help
diverse stakeholders to appreciate the perspectives of others (e.g., Bennett ef

al. 2009, Boody et al. 2005, Egoh et al. 2008, Goldstein et al. 2012).

Meeting the Challenge
A Strategy

Our urgent challenge today is to build on this foundation and move from
ideas to action on a broad scale (Carpenter ef al. 2006, Carpenter et al. 2009,
Daily et al. 2009). Doing so requires understanding the production of services
from landscapes and seascapes, together with their biodiversity and human
activities; quantifying service flows, from producers to beneficiaries, across
space, social class, economic sector, and time; understanding the decision-
making processes of individuals, communities, governments and corporations;
integrating research with institutional design and policy implementation; and
crafting policy interventions with flexibility for learning and improvement.
Each of these alone is a complex and difficult task; together they form a
daunting but critically important agenda for collaboration.

The Natural Capital Project is an international partnership, founded in
2006 to help meet this challenge (www.naturalcapitalproject.org). The vision
of the Natural Capital Project (NatCap) is a world in which people, gov-
ernments, and corporations recognize the values of Nature in supporting
human well-being, and routinely incorporate them into decision-making.
NatCap 1s focused on making three major advances that together will help
transform how businesses, governments, and individuals interact with nature:

(1) Co-developing interdisciplinary knowledge, packaged into prac-
tical tools and approaches, for incorporating natural capital values into
planning and policy. This work is accelerating in institutions globally,
and involves greatly increasing the interaction between researchers
and real-world generators and users of knowledge.

In support of such work, NatCap has developed InVEST, a family of
tools for Integrated Valuation of Ecosystem Services and Tradeofts.
InVEST helps decision makers visualize the impacts of potential poli-
cies — identifying tradeoffs and compatibilities between environmen-
tal, economic, and social benefits — by modeling and mapping the
delivery, distribution and economic value of ecosystem services under
alternative scenarios (Tallis ef al. 2011). These models were co-devel-
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oped with hundreds of researchers, practitioners, and managers. In-
VEST is free and designed for data available anywhere, globally.

(2) Implementing new knowledge, tools, and approaches in major re-
source decisions, in replicable and scalable models of success. Working
with many partners around the world, NatCap is integrating the diverse
values of natural capital into major resource policies and decisions.
These demonstrations range from: informing the infrastructure de-
velopment strategies of major development banks and private in-
vestors, in transportation and other key sectors; to working with
indigenous communities in strategic planning of land and ocean re-
source uses to balance conflicting values; to working with corpora-
tions to quantify the risks and opportunities of alternative resource
development options. The approach has informed decisions relating
to spatial planning, payment for ecosystem services, climate adaptation
planning, impact assessments for permitting and mitigation, corporate
risk mitigation, marine and coastal development, and habitat restora-
tion (Ruckelshaus ef al. 2013).

(3) Engaging leaders and practitioners in key institutions to magnify
the impact of these successes, build capacity, and forge and accelerate
lasting, transformative change. The focus is on developing tools for
mainstreaming natural capital systemically, across high-leverage decision
contexts, where there is strength and commitment among necessary
leading partners to demonstrate real change. So far, these areas include:
infrastructure investment; disaster risk reduction; national development
planning; water security for cities; and agricultural supply chains.

Real-World Demonstrations

A great number and diversity of efforts to implement the ecosystem
services framework have emerged worldwide over the past decade. Indi-
vidually, most of these eftorts are small and idiosyncratic. But collectively,
they represent a powerful shift in the focus of conservation organizations
and governments (primarily) toward a more inclusive, integrated and effec-
tive set of strategies. Taken together, these efforts span the globe and target
a full suite of ecosystem services, including carbon sequestration, water sup-
ply, flood control, biodiversity conservation, and enhancement of scenic
beauty (and associated recreation / tourism values).

Many local or regional efforts focus on a single service that stands out as
sufficiently important, from economic and political perspectives, to protect
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it. Under the institutional umbrella created for the focal service it is possible
that other services may be at least partially protected. Beginning in the late
1990s, larger-scale investment in natural capital for water flow regulation in
China — and for a broad suite of ecosystem services in Costa Rica — set pio-
neering examples that are now being adapted elsewhere and scaled up.
Next, I briefly describe two contrasting models, at different scales and
in different kinds of social-ecological systems. In each case, there is an acute
or looming crisis, innovative leadership, and an experiment underway in
pursuit of dual goals: securing natural capital and human well-being.

Water for Cities in Latin America and Beyond

In the mid-1990s, New York City made one of the first and most famous
investments in ecosystem service provision in recent history. The city in-
vested about USD 1.5 billion in a variety of watershed protection activities
to improve drinking water quality for 10 million users rather than spending
the estimated USD 6-8 billion needed (excluding annual operating and
maintenance costs) for building a new filtration plant. This seminal example
1s widely cited as evidence of the business case for investing in natural capital
(Daily and Ellison 2002).

Now the New York City investment is one of many such experiments
underway. With rapidly growing urban populations, expanding natural re-
source extraction in upstream watersheds, and climate change, water secu-
rity for cities is a growing concern for governments, corporations, and other
stakeholders globally. The source watersheds serving cities are now the target
of a range of creative policy and finance mechanisms that link beneficiaries
to suppliers through a payment system.

Water funds are a finance mechanism through which downstream water
consumers and other parties (e.g., conservation and human development
organizations, public entities) pay for upstream changes in land cover and
use in order to achieve certain objectives. In biophysical terms, the objec-
tives typically include maintenance or enhancement of: water quality; reg-
ular water flows (for dry-season supply and flood control); groundwater
recharge; terrestrial and aquatic biodiversity; and well-being in upstream
human communities. Other services are also anticipated, such as carbon
storage and sequestration, crop pollination, and pest control (Goldman-
Benner ef al. 2012). Water fund objectives may also include sustainable im-
provements in human livelihoods and well-being.

There is now a major effort underway, supported by The Nature Con-
servancy, the World Bank, the Inter-American Development Bank, and
FEMSA (a major bottling company) to replicate and standardize these funds
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in terms of design, implementation, and monitoring, across more than 40
major cities throughout Latin America. Analysis is focused on predicting
the relative feasibility and payoft of potential land-use / cover changes, such
as conservation and restoration in headwaters, on steep slopes, and in ri-
parian areas; and shifting to more sustainable pastoral and cropping practices.
InVEST has been tailored for use in this decision context, to predict where
and which potential activities would yield the greatest societal return-on-
investment (the decision-support system is called Resource Investment Op-
timization System, RIOS).

Fondo Agua por laVida y la Sostenibilidad, one of the recently established
water funds, demonstrates the diversity of water users that are becoming en-
gaged in these funds and the kinds of watershed management changes these
funds motivate. Formally established in the Cauca Valley, Colombia in 2009,
this water fund is supported by the region’s sugar cane grower’s association
(PROCANA), the sugar producers’ association (ASOCANA), 16 local water-
shed and river management groups, The Nature Conservancy and a Colom-
bian peace and justice non-government organization. Many of these entities
began working together as far back as 20 years ago, and the water fund is seen
as building upon and strengthening these vital relationships.

Each member of the water fund voluntarily pays a self-determined
amount into the fund that is then jointly managed by the members to im-
prove landscape and river condition over 3,900 square kilometers. The aim
is to strengthen the financing in the future. For now, members in this fund
have committed to contributing USD 10 million over five years to be in-
vested in five kinds of management changes: protection of native vegetation,
restoration of denuded lands, enrichment of degraded forests, fencing of
rangelands and implementation of best practices combining trees, pasture
and livestock.The fund also invests in farmer training (agroforestry systems,
cattle management), environmental education in schools, strengthening local
community organizations, and setting up “food security modules” — essen-
tially home gardens, with a diversity of crops, chickens, and other produc-
tion. The investments target the dual goals of improving upstream
livelihoods as well as downstream water security.

Investments will be targeted across landscapes to yield the highest return,
using RIOS, subject to stakeholder preferences for security and equity. A
great deal of stakeholder input feeds into the analysis of options. The fund
1s starting a monitoring program designed to ensure that these investments
lead to measurable improvements in water quality for approximately 1 mil-
lion water users downstream, as well as significant improvements in terres-
trial and freshwater biodiversity.
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Since the official establishment of the first water fund in Quito, Ecuador,
in 2006, the model has spread rapidly (Figure 1). The Nature conservancy
is exploring establishing the first funds in Africa. The effort is focused on
developing standards — in the biophysical modeling (through RIOS), fi-
nancing, governance, and monitoring — that can be sensibly applied in con-
trasting conditions, but that guide the process and incorporate lessons as
they are learned.

Figure 1. Water funds featured by stage of development (as of January 2014). Filled circles indicate
that the water fund has been created, with a legal agreement among parties. Open circles desig-
nate water funds that are in the process of creation; four more (not depicted) are underway in
Latin America since January 2014. Figure courtesy of the Latin American Water Funds Partnership
Dashboard (Nov 2013) and The Nature Conservancy, Internal Survey of Water Funds (Dec 2013).
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Water funds are an inspiring example of rapid advances in all areas of’
the three-part strategy laid out above. Today they are still at an early and
vulnerable stage. With care, one could envision the emergence of flexible
yet durable institutions that help guide growth of cities and management
of the natural capital they depend on, more broadly.

China’s Land-Use and Human Development Planning

The ecosystem service investments being made in China today are
breathtaking in their goals, scale, duration and innovation. Following massive
droughts and flooding in 1997-98, China implemented several national
forestry and conservation initiatives, into which investments exceeded 700
billion yuan (about USD 100 billion) over 2000-2010 (Zhang et al. 2000
Liu et al. 2008). The larger and older of these initiatives, the Sloping Land
Conversion Program (SLCP), involves 120 million farmers directly and is
being rigorously evaluated to improve its design and efficacy.

These initiatives all have dual goals: to secure critical natural capital
through targeted investments across landscapes and to alleviate poverty
through targeted wealth transfers from coastal provinces to inland regions
where many ecosystem services originate. The investments are focused on
forests and grasslands, to help secure people from flooding, improve drinking
and irrigation water supply, maintain efficient hydropower production, pro-
tect biodiversity, stabilize climate, reduce sand storms and soil loss, and foster
more sustainable farming and other aspects of human well-being (Daily et
al. 2013). In addition, the government aims to change the economic struc-
ture in rural areas to increase local household income while simultaneously
making local households’ patterns of land utilization and agricultural pro-
duction more sustainable (Liu et al. 2008; Li et al. 2011).

Evaluation of the SLCP shows significant achievement of the biophysical
goals, with remarkably rapid land conversion in the desired directions. For
example, by the end of 2006, the SLCP had converted ca. 9 million ha of
cropland into forest / grassland and had afforested ca. 12 million ha of barren
land.Village level field measurements have shown not only that the payments
for ecosystem services have altered land use patterns, but in turn soil erosion
has been decreased in some areas by as much as 68% (Cao et al. 2009).

Opverall social impacts of the programs are mixed, and depend on the de-
tails of the financial incentives and property rights (Cao et al 2009, Liu ef al.
2008). In some places, payment levels and types are leading to improvements
in economic measures of well-being, whereas in others payments were not
sufficient to compensate for loss of income from shifting livelihoods (Liu et
al. 2008). In addition, in some places where participation in the SLCP has
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significant positive impacts upon household income, it has not yet transferred
labor towards non-farming activities as the government wished (Li ef al. 2011).
Payments are now being adjusted to improve success in achieving goals of
poverty alleviation and growth of new economic sectors in rural areas.

China also stands out in strengthening the scientific foundation supporting
these public policies. This is illustrated in the development of a first National
Ecosystem Assessment, spanning a wide range of ecosystems, services, and
spatial scales, over the past decade (2000-2010).The first step is to classify land
cover for the whole of China, for 2000, 2005, and 2010, based on Landsat
TM data at 30mx30m resolution. The next stages of work involve character-
izing the composition and structure of ecosystems and their changes over the
assessment decade. The final stage will involve characterizing levels and types
of ecosystem services, and changes therein across China and the assessment
decade. This important effort will showcase state-of-the-art technical ap-
proaches relevant to other nations undertaking such assessments, and provide
critical analysis to decision-makers (Perrings et al. 2011).
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Figure 2. China’s new system of Ecosystem Function Conservation Areas (EFCAs). As delineated
by the Ministry of Environmental Protection and the Chinese Academy of Sciences, EFCAs span
28% of China’s land area and 25% of its counties. EFCAs have dual goals of securing biodiversity
and ecosystem services and alleviating poverty. Figure courtesy of Z. Ouyang, Research Center
for Eco-Environmental Sciences, Chinese Academy of Sciences.
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Perhaps most ambitiously, China is establishing a new network of
“ecosystem function conservation areas” (EFCAs) (MEP and CAS 2008)
(Figure 2). The network now spans 28% of the country and are expected
to grow over time; their exact delineation and implementation is now being
defined using InVEST together with a broad set of biophysical and social
science tools and approaches.

EFCAs are a way of zoning land, so as to focus conservation and restora-
tion in places with highest return-on-investment for public benefit, to halt
and reverse degradation of vital ecosystems and their services. The zoning
is also meant to focus high-impact human activities in places where they
will do least damage. The design and implementation of EFCAs involves
assessments from local to national scales. At the national scale, the priority
services are conservation of soil and water resources, flood protection, bio-
diversity, and sand storm protection (Ouyang, 2007; Ehrlich ef al. 2012).

EFCAs are also a way of focusing poverty alleviation efforts in places
where the stakes are highest, both for local residents and for beneficiaries
of ecosystem services living farther away. Implementing EFCAs involves
compensation mechanisms, whereby regional beneficiaries — of, for exam-
ple, water purification and sand storm control in Beijing — invest in the
transformation to more sustainable livelihoods and durable improvements
in well-being among the landholders producing the services (e.g., Zheng
et al. 2013).

While these initiatives represent a massive scientific and policy under-
taking, they are very young and there is still little understanding of the local
costs of implementation, or their eftects on poor and vulnerable popula-
tions. The EFCA model represents a new paradigm for integrating conser-
vation and human development, but for this policy innovation to have wide
applicability and success, it will be important to assess and improve local
livelihoods (e.g., L1 et al. 2011; Li et al. 2012; Liang et al. 2012). This need
points to the science and policy frontiers before us.

Pushing the frontier further, in March 2014, the central government ap-
proved development of a new metric — Gross Ecosystem Product — to be
implemented highly visibly, alongside Gross Domestic Product, at all levels
of government.

The current and potential future impacts of ecosystem service invest-
ments in China are enormous, both within the country and globally, per-
haps most importantly in lessons on making the investments needed in
natural capital and human well-being everywhere. This is seen as a vital
matter of national security, and national leaders now speak of “China’s
dream” as becoming “the ecological civilization of the 21st Century”.
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Conclusion

Mainstreaming natural capital into decisions is a long-term proposition,
requiring co-evolving advances in knowledge, social institutions, and cul-
ture. Certainly no single effort will be sufficient to achieve this. But each
can contribute to the theory of change (Bradach et al. 2009) laid out here,
with its three key elements: co-development of new tools and approaches;
real-world demonstrations; and engaging leaders.

First, governments, businesses, and individuals must find it easy to incul-
cate ecosystem services and natural capital into their decisions, and the
methods for doing so must be transparent, credible, and predictable. In many
cases, sectors of society are open to the concepts of ecosystem services and
natural capital, but simply do not know how to use them in a tangible way.

Second, there need to be examples of projects or enterprises that — as a
result of properly valuing ecosystem services and natural capital — end up
with improved decisions, institutions, and human well-being. These examples
both test our knowledge against real-world problems, but also produce com-
pelling stories of how an ecosystem services approach made a difterence.

Lastly, these examples of success must have visibility and charisma, to draw
political and thought leaders to them and thereby trigger much broader aware-
ness. This is where the lessons of a set of examples can be mainstreamed into
the myriad decisions — by businesses, governments, farmers, and banks — that
are made every year and that impact our natural and social world. This 1s where
the impact of scattered projects can be magnified into worldwide change.

None of these steps is complicated, and this theory of change does not
require a brilliant and novel strategy. In fact, all three ingredients appear
within striking distance. The environmental and human development
movement has a much bigger and more diverse and powerful community
behind it now than ever before. Co-development of knowledge with
knowledge users is beginning to provide tools and methods that will reduce
the transaction costs. There are enough policy experiments underway that
compelling examples of natural capital stewardship enhancing human well-
being are already forthcoming — the first step in an iterative process between
basic science and application to real-world problems. Science by itself can-
not change the world, but science plus the vision and action of leaders can.
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ENERGY FOR SUSTAINABLE
AND EQUITABLE DEVELOPMENT

DANIEL M. KAMMEN 23, PETER ALSTONE®2, DIMITRY GERSHENSON™?

Abstract

With 1.4 billion people lacking electricity to light their homes and pro-
vide other basic services, or to conduct business, all of humanity (and par-
ticularly the poor) are in need of a decarbonized energy system that can
close the energy access gap and protect the global climate system. With par-
ticular focus on addressing the energy needs of the underserved, we present
an analytical framework informed by historical trends and contemporary
technological, social, and institutional conditions that clarifies the hetero-
geneous continuum of centralized on-grid electricity, autonomous mini-
or community grids, and distributed, individual energy services. We find
that the current day is a unique moment of innovation in decentralized en-
ergy networks based on super-efficient end-use technology and low-cost
photovoltaics, supported by rapidly spreading information technology, par-
ticularly mobile phones. Collectively these disruptive technology systems
could rapidly increase energy access, contributing to meeting the Millen-
nium Development Goals for quality of life, while simultaneously driving
action towards low-carbon, Earth-sustaining, energy systems.

Introduction: Global Energy Challenges

Two critically important challenges face the global community in the
21 Century: the persistence of widespread energy poverty and intensifying
human-driven climate disruption [1, 2]. These crises are inexorably linked
through the technology systems that underlie them. Although electricity
networks have connected billions of people with relatively low cost and
high value energy, providing services that unlock economic and social free-
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doms [3], pollution from the energy sector is the primary driver of locally
and globally disruptive climate change [1]. Furthermore, despite significant
growth in the extent of centrally planned electricity networks, billions
worldwide still lack even the most basic or reliable services [2]. Meeting
the needs of the developing world with modern energy and other infra-
structure is both a critical task for improving the quality of life and enhanc-
ing human development opportunities [4, 5]. However the notion of
universal electrification is a key point of contention for negotiations on cli-
mate change mitigation [6, 7]. This tension between energy services and
increasing emissions exists because of the dominant paradigm for electrifi-
cation in the industrializing world, i.e. through centrally planned and cur-
rently carbon-intensive power systems [8]. Despite its undisputed value,
without significant changes to these trends, a billion people are projected
to remain without access in 2030, with the majority in Sub Saharan Africa
and significant numbers in developing Asia [9]. Eighty percent of those pro-
jected to remain in deprivation live in rural areas, where the lack of modern
infrastructure and services directly result in low resilience to the potentially
catastrophic impacts of climate change, such as drought, losses in agricultural
productivity, and extreme events [1, 2].

To clarify the potential of technological, political, and market mecha-
nisms to sustainably addressing household-level and global energy needs,
we present a historical and conceptual framework to evaluate the opportu-
nities to manage energy and information resources over vastly different
scales of network services. Focusing on electricity access for the poor and
unempowered we begin by (1) exploring the links between access to elec-
tricity and human development; (2) considering the historical trajectory of
electricity technology systems and (3) describing an emerging continuum
of electricity technology options available today.

Our synthesis of the available data moves towards an integrated theory
for understanding the dynamics of on- and oft-grid energy systems in the
Anthropocene [10-12] based on emerging understandings of network dy-
namics [13].The implications for power system development on- and off-
grid can contribute to achieving universal access using strategies that
improve both human development and climate impacts from the energy
sector through the effective support of networks for energy access, including
novel approaches that leverage ubiquitous information technology connec-
tivity. With better frameworks for understanding the complex systems that
are the foundation for energy access both private and public sector agents
can better target their efforts.
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Energy and Human Development

Thus far, progress towards eradicating energy poverty has been insufti-
cient in scale and pace. Unserved populations still primarily rely on low-
efficiency open flames for lighting [14] that is often inadequate [14],
incurring substantial economic costs [15] and increased health [16] and
safety risks [17]. Greenhouse gas emissions from fuel-based lighting are sig-
nificant [14], particularly in light of recent findings on black carbon from
wick lamps [18]. The oft-grid poor devote also devote large amounts of
time and financial resources to charge mobile phones [19, 20], which are
used by 72% of people in low-to-middle income countries, a twenty-fold
increase since 2000 [21]. Mobile phones have become a critical basic needs
technology that provides valuable services that link people with family, allow
for participation in the market place through mobile banking and mobile
money transfers, and facilitate a greater access to information [22].

Access to electricity is linked with improvements in human development
including productivity, health and safety, gender equality, and education |2,
16,17, 19, 23, 24]. Much of the research broadly describing quality of life
and electrification, stems from the pioneering insights of Goldemberg, Jo-
hansson, Reddy and Williams [25] who demonstrated a clear correlation
between human development and electricity consumption per capita
(kWh/capita, which suggested a relationship with steep gains for the first
2,000-4,000 kWh/ capita-year and greatly diminishing marginal returns to
human development for consumption beyond that basic-needs level) [26].
The kWh/capita metric thus became a de facto indicator for progress on
energy access, and has been explored in depth, especially by those attempt-
ing to determine the direction of causality between consumption and de-
velopment [26-30].

Figure 1 shows consumption-based relationships in the spirit previous
work along with a set of relationships based on the fraction of people with
electricity access (as defined in national censuses and household surveys —
typically a non-specific, legal connection to the grid). Unlike consump-
tion-based relationships that exhibit a power law decline in returns to
human development as they increase, access is first-order linear predictor
of HDI along with an important set of selected MDG over its full range.
This is consistent with an aggregate view of household-level diminishing
returns on energy consumption, where the first applications of energy that
are prioritized are also the most valuable for improving peoples’ lives, fol-
lowed by less valuable applications.

While electricity access is highly correlated with several development
indicators, it is not the only factor at play. The underlying relationship be-
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tween development and electricity consumption cannot be extricated sim-
ply from macro data. There are numerous complex socioeconomic factors
that can contribute to a high consumption per capita, including industrial
activity, geography, and political relationships [27, 28, 30]. Although it 1s dif-
ficult to determine causality [29, 31-33], there is sufficient case study data
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Figure 1. The relationship between access to electricity and human development ([A] HDI, [B]-[E]
Selected Millennium Development Indices, 2000-2010) and between electricity consumption
and HDI similar to the relationship originally suggested by Goldemberg, Johansson, Reddy and
Williams [25] ([F] on a continuous abscissa, [G] with a logarithmic abscissa). All the data are on
a country level. In [A] country level regressions along with a full regression are shown for the re-
lationship with HDI, and the distributions in slopes on a country level indicates the global rela-
tionship holds within countries over time (typically). The R? values for the full-sample linear
regression are [A] 0.65, [B] 0.52, [C] 0.66, [D] 0.72, [E] 0.69, and [F]/[G] 0.81 (same relationship
on different axis scales).
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(19,23, 34] to provide a strong argument that electricity access is a necessary,
but not sufficient, condition for improving human development.

The response thus far to the multi-dimensional problems of global cli-
mate and poverty has been driven primarily by multilateral institutions (e.g.,
the United Nations Framework Convention on Climate Change and the
United Nations Development Programme) and articulated in large con-
sensus reports like the IPCC Assessments of Climate Science [1] and
Human Development Reports [35]. In assessing progress and planning fu-
ture action, there is a critical role for global metrics, for both climate and
poverty. While climate pollutants lend themselves to direct measurement
(albeit with continuing improvement in the understanding of atmospheric
chemistry, forcing, and sources), poverty, like other social issues, is less
straightforward to measure. The current commonly used broad indices are
the Human Development Index (HDI) and the Millennium Development
Goal indicators from the United Nations [35] but there are other measures
in parallel and in development that support a richer picture of development.
The Human Development Index (HDI) was developed by the UNDP to
provide a multi-objective metric to track progress of poverty alleviation
through a synthesis of health, education, and living standards. The HDI was
expanded upon with the introduction of the Millennium Development
Goals, which include eight targets and 20 indicators. The MDGs present a
multidimensional view of improving human development, from measures
of literacy to gender equality and infant health [35]. A direct measure of
electricity access — in terms of the fraction of households with modern en-
ergy — is currently missing from official development tracking but has been
proposed for a 2015 update to the Millennium Development Goals (MDG)
[20] and there is a proposed Global Tiacking Framework for energy access in
a pilot testing process that could support explicit access goals [2].

Networks of Power and Technology

The expansion of energy access is fundamentally a process of networks
forming and extending in the context of technological innovation with
support from complementary systems of capital, institutions, and informa-
tion. Innovation along any of those dimensions can lead to growth, but only
to the extent of support from the remaining complementary networks (as
Hughes described in his seminal historical synthesis of early power grids,
Networks of Power [36], this can be understood using the concept of the “re-
verse salient” as a bottleneck for development). In the case of electric util-
ities, the genesis of utility networks was in 1882 with the Pearl Street Station
in New York City. These were greatly enabled by technology innovation
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across supply and demand technologies (including dynamo generators, AC
transmission and distribution, and efficient lighting and motors that oc-
curred in the late 1800s and early 1900s), and catalyzed by the critical de-
velopment of a new business model for selling electricity on a commercial
basis. Thus, utilities created a disruptive technology system that leveraged
networks of multinational enterprise, transportation (particularly sea freight
and railroads) and capital to grow and (mostly) displace an incumbent global
structure of fuel-based lighting and non-electric mechanical power [37].

Branching out from the early-adopting coastal hubs of New York, Paris,
and London, multinational private enterprise opportunistically followed
existing links of trade and capital to quickly electrify the world’s cities and
factories, using mainly standalone power stations and minigrids. Hausman
et al.’s work on mapping the evolving business and institutional networks
of power systems shows they developed quickly to serve the needs of dis-
connected urban and industrial users with concentrated demand and ability
to pay for electric service that combined to create both smaller and higher
return investments in transmission and distribution infrastructure per cus-
tomer. As electric power networks grew and interconnected with one an-
other across the globe, both following and driving industrial development,
the value and reach of emerging regional and national grids demanded ad-
ditional attention from national governments. By the 1930s-40s, the energy
sector began to shift towards a collection of public and private approaches
with primarily state ownership and/or control of national and regional
power systems [37]. By 1930, electricity had transformed the lives of many
city dwellers but rural populations remained in the dark [36].

Rural Electrification

The Tennessee Valley Authority (TVA) 1s a classic and instructive exam-
ple of early efforts public institutions took to drive development of elec-
tricity networks in areas of deprivation that were neglected by the private
sector. Part of the broader “New Deal” program of United States govern-
ment infrastructure projects and financial reform in the 1930s, it featured
many elements that are present in current-day debates around rural elec-
trification. The TVA was sold partially as a jobs and economic development
program (which has been shown to hold true to its promise on a regional
basis in ex post econometric analysis) and also on the basis of providing
populist “Electricity for All” (see SOM) while taming the capricious Ten-
nessee River to make it navigable and less disruptive with a series of large
hydroelectric dams [41]. In the context of linked networks, it was the river
that provided a critical natural support structure for the project, aggregating
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tuel supply (water with elevation change) and population density along its
reach. Although today the Tennessee River Valley is seamlessly intercon-
nected with the rest of the Eastern Interconnection transmission grid and
has experienced a significant regional increase in jobs and ongoing manu-
facturing capacity [41], during the development of the TVA, the project
encountered opposition and criticism from many perspectives [42]. The
emerging but powerful energy sector whose pricing was undercut by the
subsidized tarifts of the TVA denounced the project as wasteful and anti-
capitalist [43]. Further objections arose from existing racial and socioeco-
nomic disparities in the region that were magnified in the allocation of jobs
and services in the Valley [44]. Furthermore, several rural, poor communities
were displaced from their homes in areas that were flooded for hydroelectric
storage reservoirs as the project transformed the valley [45].

Similar rural electrification dynamics continually play out as power grids
expand in the developing world, with combinations of private and public
initiative, issues of equity in development, and the inevitable localized negative
impacts from expanding transmission networks and power stations, such as
loss of land to eminent domain, environmental degradation, and other issues.
While power reached the cities and industry of the developing world in the
early 1900s around the same time as it reached cities in the industrialized
world [46], rural (and poor urban area) electrification has significantly lagged
industrialized countries. The current electrification rate in developing coun-
tries, as classified by the International Energy Agency, is 76.5%, as compared
to OECD nations with an electrification rate of 99.9% [47].

A key challenge in rural electrification efforts is the cost of building the
distribution system to go the “last mile”. A recent study focused on Kenya
found that the marginal capital cost of connecting customers in places with
high density and existing power infrastructure is relatively low, $1000 USD,
but the cost is $4000 USD or more in less dense rural areas where people
have an even lower ability to pay for the service (or buy appliances that re-
sult in higher demand) [48]. In the context of typical annual household ex-
penditures (approximately $1000 in Kenya, which is roughly a median case
in Sub-Saharan Africa) and the fact that typical household spending on en-
ergy is 5-10% of the annual budget, it is clear that it is often financially un-
desirable for system operators to expand electricity services to the rural
poor, who may not consume energy at a rate that allows steep connection
costs to be recouped.

In many areas, even prior to addressing distribution issues, power gen-
eration and transmission needs to be close enough to enable a connection.
Transmission networks reach out to meet load centers, connect with gen-
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eration that is in a geographically fixed area (e.g., a renewable resource area),
and to interconnect with adjacent power grids. There are many such proj-
ects currently under way in the developing world, including the often-
polemic, multinationally funded generation and transmission expansion in
the East African corridor, which includes large projects such as Gibe III
and IV hydroelectric projects in Ethiopia, the Eastern Electricity Highway
Project connecting Kenya and Ethiopia, the Lake Turkana Wind Farm in
Kenya, geothermal resource expansion in Burundi, DR C, and Rwanda, and
other related initiatives [49]. These large-scale activities, while incredibly
important for national growth, are not without their drawbacks, reflecting
the previously learned lessons of the TVA.The expansion of hydroelectric
generation in Ethiopia, for example, has been a point of contention for ac-
ademics, non-profit advocacy groups, and even regional governments. Much
of the discussion today focuses on many of the same issues as with the TVA,
including displacement of populations [50], disproportionate impacts on
the poor and marginalized people [51], and political tension [52].

The development of transmission infrastructure to create regional in-
terconnected networks, such as the East African Power Pool (EAPP), illus-
trates other common drivers for transmission network expansion today: the
desire for a greater stability, expanded service provision, reduced locational
marginal costs, and opportunities for trade and international collaboration.
In many cases, this expansion is not only driven by, but also acts as a driver
of the previously mentioned extensive energy resource development proj-
ects. Regional interconnection is not without its faults however, and the
technical difficulties of interconnecting large-scale power systems can be
complex, especially when member states operated under independent grid
codes in the past. Furthermore, because institutional and administrative fea-
tures can vary from country to country, the technical and operational at-
tributes of initially independent national systems can be quite disparate. This
adds to the challenge of successful interconnection when it is done through
HVAC transmission infrastructure, where synchronicity of systems is key
to ensure reliable service. In such systems, disturbances in one area can rap-
idly degrade service provision across the whole network [54, 55].

Energy Poverty Today

In spite of rapid expansion driven initially by the private sector and later
by public institutions, our analysis of the archival record in Figure 2 show
that since the initiation of centralized electricity, there have consistently
been between 1-2 billion people without access (i.e., still primarily relying
on fuel-based lighting technology and fuel networks) as grid expansion has
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Figure 2. Two centuries of historical trends and a potential future scenario from 1830 to 2030 for
electricity access in the context of technology and supporting network events and trends. [A] The
technology timeline shows watershed moments of innovation and market paradigm shifts. Panels
[B] and [C] show the population with access to electricity over the time period, with [C] including
a potential future scenario for decentralized electricity development. Panel [D] shows a range of
market penetration for ICT, going as far back as telegrams, a primary enabling technology in the
spread of electric grids. Mobile phones, also shown, are the contemporary alternative to decen-
tralized systems. The lower plot [E] shows the trend in electric light source efficacy for a range of
technology including LED solid-state lighting. A full description of the data sources and analysis
for this figure are in the Supplementary Material.
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roughly paced global population growth since 1900. About 1.4 billion peo-
ple in 2013 [2] are completely off-grid, and many ostensibly connected
people in the developing world experience significant outages accumulating
to 20-200+ days a year [56].The pervasive “energy isolation” people expe-
rience, in the context of grid-based electricity, stems from being remote in
multiple dimensions:
*  Geographically remote: Long transmission distances, diffuse population
densities, and difficult terrain quality restrict grid extension to many
rural areas due to high marginal cost of connection compared to ex-

pected usage [23].

* Economically remote: The rural and urban poor do not consume large
quantities of electricity due to budgetary restrictions and often struggle
to pay connection fees to nearby grid infrastructure or procure house-
hold wiring and appliances [57]. Many households and businesses in
“electrified” areas lack access, even directly beneath power lines. Princi-
ple-agent market failure may contribute to this phenomenon for renters.

* Politically remote: Centralized grid extension often requires a degree of
political power that is a barrier for disadvantaged rural and urban pop-
ulations with opposition, marginalized, or diffuse societal and political
affiliations who are not supported by strong institutions [58] [23]. People
without property rights may lack the stability to justify investments in
fixed infrastructure, or permission from central authority to do so.

Off-grid Energy Access Technology Continuum

A contemporary continuum of oft- and micro-grid electricity systems
does not require the same supporting networks as centralized power gen-
eration and can overcome energy isolation barriers. The process of network
expansion for decentralized power is fundamentally different from electric-
ity grids. Where electricity grids require installation of capital-intense fixed
infrastructure — plants and relatively large loads connected by transmission
and distribution followed by infill and rural extension — the decentralized
power network is more diffuse. There are still important hubs like factories
in Southeast Asia where a majority of components and integrated systems
are produced, but these are connected to end users by global supply chains
and knowledge networks instead of fixed physical infrastructure.

Dynamo generators and arc lighting catalyzed the market for electric
utilities and it is a range of semiconductors (stemming from the discovery
of the transistor noted in Figure 2) that enable decentralized power systems.
High-performance, low-cost photovoltaic generation, paired with advanced
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batteries and controllers, provide scalable systems across much larger power
ranges than central generation, from megawatts down to fractions of a watt.
The rapid and continuing improvements in end-use efficiency for LED
lighting [59] (e.g., see Figure 2), DC televisions [60], refrigeration [61], fans
[62], and ICT [63] (a “superefticiency trend”) that enable decentralized
power and appliance systems to compete with legacy equipment on a cost
for energy service basis.

With these technological cornerstones, aid organizations, governments,
academia, and the private sector are developing and supporting a wide range
approaches to serve the needs of the poor, including pico-lighting [14], solar
home systems, and community-scale micro- and mini-grids [2, 4]. In many
cases, preconfigured systems are sold in market-based structures, rather than
involving the establishment of geographically tied institutions [64]. Figure 3
shows the range of costs for decentralized power across several orders of mag-
nitude in scale and shows a caricature of the typical temporal cost structure
for each. We observe a power-law inverse relationship between the unit cost
and scale of electricity supply technology from pico-power to gigawatt grids.

The oft-grid poor reveal a high value is derived from the first increment
of energy service — equivalent to 0.2-1 Wh/day for mobile phone charging
or the first 100 lumen-hours of light — as indicated by the incumbent tech-
nology consumption-cost regimes noted in Figure 2A. Given the cost and
service level that fuel-based lighting and fee-based mobile phone charging
provide as a baseline, simply shifting expenditure to a range of modern en-
ergy technology solutions could provide much better service, or in the case
of PLS, similar service can be provided at significant cost savings over the
lifetime of the product (typically 3-5 years) [65]. In fact, many of the oft-
grid poor have already switched to LED lighting, but often to low-quality
products that consume relatively expensive dry-cell batteries (with eftective
electricity prices of $100’s per kWh). Although such technologies represent
a step forward in the quality and convenience of lighting, they maintain a
high cost to the consumer and result in significant electronic and battery
waste streams in countries that are poorly equipped to manage them [66,
67]. This waste stream can contribute to significant environmental degra-
dation, human health impacts, and other social concerns [67-70].

The transformative nature of superefticient lighting is also highlighted in
Panel C and is indicative of similar trends across other appliance types. It
shows how a hypothetical person who consistently invests $100 per year for
lighting shifts from an energy “investment” of over 2000 Wh per day (as liquid
kerosene fuel) for 100 Im-hr of lighting service to 20,000 Im-hr with a grid
connection and incandescent bulb or 100,000 Im-hr with high-efficacy LED
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lighting. LED lighting enables oft-grid pico-power systems to offer the rural
poor roughly the same cost performance for lighting service as grid power
with incandescent lighting, in spite of higher eftective unit costs for electricity,
and with an order of magnitude lower energy requirements [65].

Meeting peoples’ basic lighting and communication needs is an impor-
tant first step on the “modern electricity ladder”. This can be easily accom-
plished without necessarily increasing overall energy consumption if
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Figure 3. The total annual [A] and unit cost [B] of electricity over a range of daily supply levels
and technology types. The incumbent energy access options (fuel-based lighting and fee-based
mobile phone charging) are included for reference, with fuel-based lighting expressed in terms
of the lower heating value of a range for typical fuel consumption [15] and prices paid for fuel [71]
with +50% bounds around the price to account for spatial and temporal variation. Panel [C] shows
the implications of superefficient lighting for getting energy service for a given level of spending
over the technology continuum, with the unit cost of electric lighting at a given electricity con-
sumption level (a proxy for the scale of the system) based on the regression in panel [B]. For ref-
erence a range of service provided by fuel based lighting is also shown as an orange rectangle,
with bounds defined by uncertainty in the price of fuel (from USD 0.75 to 1.25) and the efficacy
of the flame (0.03 to 0.05 Im/W). In [D], for each electricity technology type, we show a pictogram
of the system arrangement and an archetypal cost structure for end users. The cost structures il-
lustrate how the availability of financing. The data sources for the cost and performance of tech-
nology are described in the Supplementary Material.
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Generation
Technology C(&l/):tctlst)y Services Available Energy Isolation Barriers
Incumbent Economic: Very Low barrier. Day to day
technology bundle: R . payments for increments of energy
Fuel Based nghtmgt Ra_d 10 . Geographic: Low barrier. Requires distribution to
I communication reception, . .
Lighting, Dry cell N/A Two-way mobilc remote areas through normal supply chains with
batteries, Fee-based commun}i/cation some markup.
mobile phone Political: Low barrier. Gov’t and institutions can
charging support market or hinder depending on policies.
Lighting, Radio Economic: Low barrier. Market-based
communication reception, dissemination. Retail cost USD 10-100
. Two-way mobile Geographic: Low barrier. Requires distribution to
Pico Power Systems 0.1-10 communication (Note: remote areas.
basically the same as Political: Low barrier. Gov’t and institutions can
incumbent bundle) support market or hinder depending on policies.
Same as above plus Economic: Medium barrier. Market-based
i pus dissemination. Retail cost USD 75-1,000
television, fans, additional Geographic: Low barrier. Requires distribution to
Solar Home Systems 10-10° lighting and graphic: - Red
L . remote areas.
communication, limited L. . s s
. Political: Low barrier. Gov’t and institutions can
motive and heat power. R . L.
support market or hinder depending on policies.
Economic: Medium-high barrier. Requires
Same as above with financing or investment aggregation for large
opportunity for capital outlay but offers relatively low marginal
. . 3106 community-based service cost electricity to users.
Microgrid 10710 with higher power Geographic: Medium barrier. Requires critical
requirements e.g. water density of population
pumping or grain milling Political: Medium barrier. Requires community
support and local political decisions.
Depending on the quality qunomlc: Médlum to high barrier. Often high
? initial connection costs, but low cost power after
of connection, same as . .
above up (o a full range of connection. (Cost of power lines)
Regional Grid 10°-10° ! X Geographic: High barrier. Requires nearby
electric power appliances, o P
X . X transmission and distribution infrastructure.
commercial and industrial o . . P
applications Political: High barrier. Depends on ministerial and
PP i departmental decisions about extension.

Table 1. Basic characteristics of electricity access technology options with descriptions of the typ-
ical range of generation capacity, fuel mix, services available, and the degree to which economic,
geographic, and political isolation is a barrier to adoption. The descriptions are a synthesis from
the authors’ experience and research.

efficient end-uses are combined with low-carbon generation [65] while
still leading to substantial benefits in household health, education, and
poverty reduction [19, 72]. Beyond basic needs there is a wide range of
service provided depending on the power level, reliability, scarcity, and
power quality along with demand-side efticiency and appliance access.
There will be significant rebound effects due to decreased unit costs for
better quality energy services when moving up the “electricity ladder” as
people fulfill unmet needs by re-optimizing in the context of new tech-
nology options [73], but given the inefficiency of fuel-based lighting, a re-
bound equivalent to roughly 500 times the baseline service level is required
before the environmental gains from switching to modern energy systems
are negated [65].
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Institutional Support for Off-grid Power

Filling the gaps left by grid expansion, decentralized rural electrification
with oft-grid power has been a consistent feature of development efforts
with varied levels of commitment and success on the part of local private
sector, government, and multinational development agency involvement.
While home-scale solar electric systems have been possible and were de-
scribed as early as 1959 [74] the cost was prohibitively expensive until at
least the 1970s when the “first wave” of solar development eftorts focused
on rural areas of Sub-Saharan Africa and Asia. During that time it was pub-
lic institutions that were leading rural electrification efforts through the
grid and much of the effort towards oft-grid solar was also directed by gov-
ernments and development institutions. These early programs developed an
important knowledge base for rural oft-grid energy development and also
lead to some cautionary tales.

One example of national rural energy access eftorts is the National Elec-
trification Program (NEP) in South Africa, which formed as part of the
Reconstruction and Development Program after the first democratic elec-
tions in 1994 [75]. The program was successful in many regards; access to
electricity increased from less than 35% to over 75% in less than a decade
[76]. However, many have critiqued the implementation and efficiency of
the off-grid program components, i.e. primarily the fee-for-service solar
electrification program, pointing to significant wasted resources and struc-
tural inadequacies of the institutions that were developed to manage the
system [76, 77]. Although the goals of the program was incredibly ambi-
tious, and the government attempted to employ the private sector in a large
degree, only 50,000 solar home systems have been installed so far, and an
unknown quantity (assumed to be quite substantial) are no longer opera-
tional. The primary causes are believed to have been a lack of political will
and vision, disruption of capital subsidies by the central government, non-
payment of fees and poor tariff collection by concessionaries, and the per-
ception by the users that systems are temporary or inferior due to the
marketing of the program [23, 77].

In South and Southeast Asia, oft-grid electrification efforts have also been
mixed, although a number of successful initiatives have shed light on eftective
best practices. In all cases, government involvement through the setting of an
enabling policy framework has been key (such as VAT exemptions, micro-
credit systems, subsidies, and income tax exemptions), and in the majority, a
large level of initial subsidies was required for growth and expansion [23, 78].
However, both Bangladesh and Sri Lanka have demonstrated success through
market-based approaches, using public-private partnerships, dedicated gov-
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ernment agencies, improved access to capital and grant mechanisms, and prod-
uct standardization practices [23]. Grameen Shakti, which has been one of
the primary private-sector actors in the off-grid space in Bangladesh, has ben-
efited over 3.5 million people with their eftorts, and have achieved success in
tariff payback and service/maintenance for their systems, in part, by using
micro-credit finance, locally manufactured system components, and the de-
velopment of Grameen Technology Centers 78, 79].

The System Dynamics of Energy Access

Understanding the dynamics of energy markets and peoples’ interactions
with the underlying technology systems is a critical goal for eftectively ad-
dressing climate issues and energy deprivation. As modern on- and off-grid
energy systems evolve in the context of their supporting institutions and
information technology networks there is a need for transdisciplinary “the-
ories” of energy access that can catalyze an acceleration of clean energy de-
velopment that mitigates climate change and alleviates energy poverty.

One promising approach to a theory of energy access that combines
technology and social systems is through a conceptual framework of linked
and interdependent networks, as is caricatured in Figure 4. The figure shows
how people are connected with primary sources of energy — natural forces
like the sun and wind along with fossil fuel — through complex and material
and energy transportation networks. The interface with users (e.g. solar LED
lanterns, metered grid electricity connections and mobile phones) are often
the iconic element but are closely linked and dependent on global physical
infrastructure. In turn, those critical networks of physical infrastructure, and
their operation, are supported by important information networks of policy,
social interaction, economic exchange, and knowledge.

Network theory has been applied in isolation to many of the compo-
nents of the energy-information nexus we detail here, and in a very pre-
liminary way to the interconnected systems that we identify as supporting
energy access including the development and growth of national power
grids [80], electricity grid failure rates in North America [81], assessments
of risks to, and vulnerability of, critical infrastructure [80, 82], the growth
and emergence of the World Wide Web [83], the formation of policy stake-
holder interaction networks [84], the network structures of water policy
[85], the spread and scaling of hardline [86] and wireless telecommunica-
tions networks [87], financial decline and global economic networks [88]
and the management of complex supply chains [89, 90]. Much more work
1s needed in this area, and in how best to integrate behavioral and consumer
preferences in building functioning and profitable ‘networks of service’ for
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Figure 4. Multiscale, linked physical and information networks for energy access. This caricature
zooms from global scale to a focus on households outside Kericho, Kenya but is meant to be rep-
resentative of the dynamics for many other off-grid locations. [Note to editor: This is an evolving
version of this figure. The maps shown here have dummy data but will be replaced with maps
that have the best available data from current-day to map networks at these scales. We are aware
of sources for these data and have access].
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new energy customers. To date, no comprehensive analysis exists of the in-
terconnections between these complex networks in the context of energy
access on a global scale.

Linking diverse networks of physical materials, energy, and information
with varied and uncertain structure is a scientific and engineering challenge
that could lead to meaningful insights on how to more effectively manage
complex technology networks in the Anthropocene [13,91]. The concept
of entropy — fundamentally a measure of order and uncertainty — may prove
to be useful for linking networks since many of the underlying flows and
processes can be reformulated in entropic terms. Thermodynamic and sta-
tistical entropy are well understood and documented for energy and mate-
rial systems. Information and energy are physically coupled concepts and
typically it is through the concept of entropy that they are related, using
Landauer’s principle that predicts the minimum energy associated with in-
formation i1s related to kTIn2, which has been verified for simple systems
of molecules [92]. Similarly, the flow of money can be reformulated as in-
formation with a particular amount of uncertainty associated with it. In the
‘thermo-economist’ perspective statistical mechanics is used to formulate
the flow of money and its distribution in the economy [93].

In each of the systems that comprise the network for energy access there
is a tendency towards maximum entropy, but the goals of individuals and
firms is often countervailing. People would prefer to minimize entropy locally
(i.e., have more control over resources in the future and more certainty about
future outcomes) by aggregating low-entropy resources — money, reliable en-
ergy network connections, durable technology systems, and stable social re-
lationships. This fundamental tension in the context of agents embedded in
networks of geography, technology, and information could be the core of a
useful bottom-up theory for behavior in energy access networks.

The quest for certainty as a fundamental driver for behavior is an old idea
[94] that takes on new meaning in the context of energy access networks. By
framing behavior in terms of embedded agents applying Bayesian decision
making — combining past experience with new information in the context
of their expectations about the future and position in the broader network —
all to minimize entropy (gain certainty), it is possible to explain a number of
emergent phenomena that have been shown in other work to be important
drivers in global networks. Agents who minimize entropy will have difterent
tolerances for risk and future benefits depending on the stability of their po-
sition, which leads to future discounting and the concept of demand curves
in the rational choice economic model. What seem to be unreasonably high
future discount rates have been observed for a range of energy efficiency de-
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cisions and are often described as contributing elements to an energy effi-
ciency gap [95], but could emerge from short-term constraints on cashflow
(i.e., low entropy resources) and a quite reasonable preference to maintain
low entropy through keeping cash rather than trading for future energy serv-
ices. We also would expect diminishing returns from energy and information
as people prioritize high-value (entropy minimizing) services like basic light-
ing (to reduce uncertainty about ones surroundings) and information tech-
nology (reducing uncertainty about the world in general), followed by
less-important service. These diminishing returns are manifested in the rela-
tionship between human development and energy consumption observed by
Goldemberg, where steep initial gains are seen during energy consumption
growth, but few gains after.

Our observations of the structure and dynamics for energy access net-
works, characterized in Figure 4, reveal several patterns for understanding
how decentralized systems can play an important role in meeting energy
access and climate goals and help overcome the barriers people face to re-
liable access to electricity through the grid.

Resilience — in this context the probability and certainty of energy serv-
ice “uptime” — is an important part of the value of power networks. The
structure of electricity transmission and distribution systems typically in-
cludes some inherent resilience to random failures of particular components
because they are “scale-free” networks that have a structure with hubs of
local importance and strength (Chassin, 2005), (Callaway, 2000). However,
in much of the developing world, the power grid (transmission and distri-
bution electricity links in the diagram) is quite unstable with long periods
of brownouts (low voltage) or blackout [96-99]. On the other hand, a well-
functioning oft-grid power system may provide more reliable power, albeit
at lower power levels. Conceptually, oft-grid solar power is connected to a
universal and stable hub for power transmission: solar radiation. While solar
power is subject to diurnal and seasonal patterns in availability and the va-
garies of weather it is not subject to the kind of random failure that aftlicts
complex electricity networks. Energy storage systems (batteries) are used
to improve the reliability of solar power and it is also possible to add local
resilience to grid connections with decentralized storage. A common but
overlooked source of resilience is the batteries in a mobile phones and other
devices that make them portable and also allow for decoupling from unre-
liable power availability, up to a point.The resilience of decentralized power
systems may also be an important contributor to community resilience in
the face of natural and unnatural disasters like large storms and civil conflict
that can disrupt large-scale networks.
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Decoupling end-user service from fixed geographic positions is another
feature of some decentralized power networks, particularly pico-power de-
vices, which are more flexible in their arrangement and relocation than
grid-based power connections. For people who live in places that are only
accessible on foot, it is not tenable to expect extension of an energy network
that requires the movement of goods over roads. Additionally, many people
— particularly the very poor — live in itinerant or temporary housing often
with uncertain or nonexistent ownership. It simply may not make sense for
some people who are oft-grid to invest heavily in fixed or difticult-to-move
infrastructure. Where fuel-based lighting was the only viable option for
those particular network conditions before, there are now clean energy op-
tions that meet the same constraints but with better service.

Eliminating fuel-based lighting in favor of the grid or oft-grid power
serves an important public health need by shifting emissions associated with
energy use and appliance manufacturing from inside the household where
particulate matter and other pollutants are concentrated where people live
(Lam, 2012) to factories and power plants that typically have better emis-
sions profiles and dispersal. The quantity of emissions is also reduced; pico-
power systems have very favorable life-cycle energy performance compared
to fuel-based lighting (Alstone, 2013).

Catalyzing Off-Grid Power

While off-grid power systems have several inherent advantages — net-
work resilience, flexibility, and tangible environmental and health benefits
among others — there are important barriers to overcome as well. Decen-
tralized energy systems are increasingly distributed through market-based
systems, with much of the investment risk often borne by diftuse end-users
who, compared to the developers of central power grids, currently lack the
ability and incentives to engage directly with the global market. While they
already pay as much or more for lower quantity of energy service (see Fig-
ure 3a), support is vital to mitigate risks throughout the supply chain with
financing, product quality assurance, maintenance and support networks,
and robust networks for exchange of knowledge and expertise [24]. Creat-
ing resilient and lasting networks for off-grid energy may not require build-
ing new power lines but relies instead on building strength and connections
in the range of supporting networks highlighted in Figure 4, from supply
chains to financing.

The private sector drives much of the development in the oft-grid
power market, as was the case for early grid-based power systems. Because
there is no dedicated infrastructure required for off-grid power supply
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chains there is no natural spatial monopoly (as there is with on-grid power),
allowing a range of private sector initiatives to coexist and compete for po-
tential customers. Currently there is a wide range of business models and
technology designs being tested and deployed, without clear indications
that one particular technology and institutional structure is dominant
(DGBA, 2012).The compelling technical and economic attributes of super-
efficient end-uses and inexpensive solar charging drive the market, but in-
stitutional support is required to correct market failures around missing
information and connections.

In response, global institutions that are often oriented towards supporting
centralized physical infrastructure projects are refocusing to also provide
targeted support for decentralized initiatives that can fill in the glaring gaps
in service for the energy isolated poor, as can be seen in the efforts and
projects of the Sustainable Energy For All Initiative of the UN [100], the
recent revision to the World Bank’s Energy Strategy [101], and President
Obama’s Power Africa initiative [102]. The transnational and multi-dimen-
sional nature of oft-grid energy access networks requires these new insti-
tutional responses to have different structures and activities from large-scale
development eftorts (e.g., financing or planning large power generation and
transmission projects).

The Lighting Global project is an example of new institutional efforts
to support and transform markets for oft-grid power. Funded through the
World Bank and IFC, along with the regional Lighting Africa and Lighting
Asia programs, it supports markets for pico power energy systems with a
range of information and educational interventions and through creating
and strengthening links in the supply chain and supporting networks of fi-
nance. A key effort of the program is building a Global quality assurance
framework that integrates standardized third-party testing, a set of minimum
quality standards for buyer protection, and standardized ways of communi-
cating positive test results to the broader market. By reducing uncertainty
about product quality and performance the test program enables national
governments, buyers, and potential financers in the market to regulate,
choose, and support products with better knowledge about the likely qual-
ity. The program creates new links in supply chains with business-to-busi-
ness matchmaking between parties that have passed a basic ethical and
financial screening, and helps actors in the supply chain access financing.

Information Technology and Clean Energy Deployment

The rapid emergence of global (decentralized) wireless communication
networks and widespread access in the developing world [21] is a new and
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important support system for decentralized energy. Not only are mobile
phones an important and highly valued source of electricity demand (as
the radio was for early electric grids), but they also provide a new platform
for finance and connectivity to support markets for pico-lighting and solar
home systems. Targeted and well-designed “killer applications” of informa-
tion technology hold the promise to accelerate the market for oft-grid
power and increase energy access for the global poor. The rapid expansion
of decentralized mobile communication compared to fixed line phones (see
Figure 2) is indicative of the potential for decentralized small-scale power
systems to rapidly expand compared to fixed power systems.

Pay-as-you-go (PAYG) household and minigrid systems that use com-
binations of mobile banking, financing, and user outreach can make decen-
tralized power accessible to people who are cash poor but are acclimatized
to gathering small sums of money for ongoing energy costs [103], by mak-
ing the payment stream for off-grid power more similar to the typical ex-
penditures for traditional fossil or biomass fuels being replaced (and to
ongoing costs for grid power). Financing clean energy fits peoples’ ability
and willingness to pay in the context of uncertainty and deprivation [105].
PAYG systems typically rely on mobile phones as a platform for making
payments (or verifying the transfer of money) and some include a cut-oft
switch in the system hardware that prevents use when fees or loan payments
have not been completed [106].This ICT add-on to off-grid power hard-
ware transforms decentralized energy systems into “energy as a service”,
rather than a durable goods purchase.

ICT is also critical feature for supporting the supply chains and mainte-
nance networks that connect consumers with producers. Supply chain man-
agement and intra-chain information sharing and payments are important
features of energy access networks much as they are for many other products
[108-110]. By enabling information to flow much more quickly and reliably
it is possible to set up vertically integrated supply chains that can be mon-
itored and controlled, a key feature of many successful early efforts at pico-
power deployment (DGBA, 2012).

Remote monitoring and analytics of off-grid power systems can be en-
abled when there are systems for collecting and transmitting system health
and performance through ICT channels. Effective monitoring and main-
tenance is a common barrier across all decentralized modern energy sys-
tems, whether solar home systems, lighting, or improved stoves, especially
in regions where technical capacity levels are low, and in the early period
of diffusion when the density of systems 1s limited. There are numerous
successful cases of the use of GSM enabled sensors, mobile issue reporting

336 Sustainable Humanity, Sustainable Nature: Our Responsibility



ENERGY FOR SUSTAINABLE AND EQUITABLE DEVELOPMENT

platforms, and remote management systems that reduce costs, improve tech-
nician response times, enhance overall service quality, reduce system outages
and increase project success rates [104, 107].

As ICT is integrated throughout the energy system on- and off-grid
there will be new opportunities and challenges around data management
and control. With access to large-scale decentralized energy data across a
range of network scales it may be possible for regulatory institutions to bet-
ter protect and support consumers and for academics and scholars to test
theories of socio-technical network dynamics (Barabasi, 2009).“Big Data”
is a potential microscope for investigating the society in which it is embed-
ded but only to the extent it is available and rigorously analyzed. The status
quo, however, is for data to be protected and mined by the private sector
system integrators, who may extract different value from the data (e.g., by
encouraging repeat customers or improving their competitive position with
product design improvements). Both uses of the data are important but are
in tension because strategic private-sector use creates more value for system
integrators when data are scarce and not globally shared. There may be re-
duced incentive to include data collection components in oft-grid energy
systems without the incentives related to extracting value from the data be-
fore it is made public. Ownership of distributed energy usage data generated
by systems that are owned by dispersed global citizens is a critical unresolved
legal issue, and is fraught with important privacy, equity, and access concerns.

Achieving Universal Access

While achieving universal access has proved to be challenging, recent
technological advances, along with years of lessons learned, have the world
poised to eliminate energy poverty related to electricity access within our
lifetime, and provide everyone with enough electricity to extinguish the
open flames of fuel-based lighting. The decentralized power network is rap-
idly forming with support from underlying energy technology, enterprises
and institutions, ICTs, and other complementary systems. It enables the off-
grid poor to redirect their current spending on inefficient sources of energy
to modern electric power systems that meet their basic needs and more
with lower barriers related to isolation and a significantly reduced environ-
mental impact than was possible a generation ago [25].

In the IEA’s “new policies” scenario, 1.8 billion people will be newly
connected to centralized electricity by 2030, an impressive pace but one
that is still projected to leave nearly 1 billion without a centralized connec-
tion [2]. Supporting adoption of decentralized power can bridge the gap,
and in some cases replace the need for grid expansions that may take an-
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other generation or more to be completed. A number of agencies and or-
ganizations have calculated the potential costs of such an effort, with esti-
mates ranging from 15-45 billion USD per year [2]. The investment would
be less than 0.5% of the current annual GDP of the United States, or 0.1%
of the global annual GDP [112] and is on par with current spending on
tuel-based lighting and ad-hoc electricity use by people without access.

Such an effort will require more than just targeted aid funding and ap-
propriate technology. Institutional frameworks will have to be developed
at local, national, and regional levels to support energy access growth. Na-
tional level policy measures like feed-in-tariffs, net metering, subsidies, and
rural electrification funds will have to be coupled with international trade
agreements, collaborations with mobile telecommunications companies
around mobile banking infrastructure, and other public private partnerships.
Governments will need to look towards novel sources of data to better in-
form evidence-based policy, especially with the advent of Big Data analytics.
Donor countries will need to support large-scale private sector participation
in emerging markets through political risk insurance, conditional grants,
debt financing, and other financial mechanisms.

Support for private sector approaches to energy access off-grid today is
in line with the trajectory that lead to rapid expansion of grid-based power
networks in the past: a beginning with dispersed private approaches until a
critical mass 1s reached and it becomes the task of the public sector to reg-
ulate and maintain the system. What is needed next is an expansion of the
types of off-grid and mini-grid service providers, and a coordinated effort
to gather real-time data from these new and often experimental efforts to
build a practical, likely for-profit, network of energy service companies.

There are a range of key ‘next step’ research and field data-collection
questions that this framework and emerging theory highlight. Each is an
area where an expanded set of theoretical models would help greatly, and
where practical, field-driven, data on both how energy service providers
and consumers interact is vital, but largely absent today.

These include efforts to understand how: 1) technology development
can be shaped and directed to further ease mobile payment, remote mon-
itoring and maintenance, theft-protection, integration into grid systems,
dynamic micro-grids that can expand and grow with user demand growth;
2) what micro-grid technologies would best facilitate user interaction, real-
time data collection, improved energy efficiency, and remote management
and system operation; 3) new approaches to studies can be built to assess
how new electricity users move between tiers of service consumption and
how their socioeconomic conditions change as a result of electrification,
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an area likely to fill squarely into the realm of ‘big-data’” analytics. Finally,
there is an over-arching need for research into the financing of energy ac-
cess, including the information gaps that exist for private investors, the cur-
rent preferences and behavior of actors that could potentially provide capital
for customers who — at least initially — consume very small amounts of en-
ergy (first users), but over time could become one of the largest and most
dynamic sectors of change in the global energy economy.

Taken together this paper and the new research areas outlined above
moves towards a theory of energy access that can inform strategies to shape and
catalyze the trend towards decentralized power as it evolves in the coming
decades. As new networks for energy access form and evolve, an awareness
of the critical role of nested network structure and institutional dynamics
can inform better interventions to provide power to the global poor while
slowing degradation and harm of the ecological networks that underpin a
growing population in the Anthropocene.
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CHARLES F. KENNEL

Abstract

When adaptation joins greenhouse gas mitigation as a major climate
management responsibility, it becomes essential to grapple with the great
diversity of regional climate change impacts, to understand the highly spe-
cific needs of local communities, and to deliver trustworthy knowledge to
a huge variety of decision makers. This leaves us with an important question.
How can the relatively small science, policy, and technology community
develop the capacity to serve the needs of millions of decision makers in
thousands of communities with different cultural, economic, and environ-
mental characteristics? Already, the world climate science community is
stretched thin in providing the assessments of the Intergovernmental Panel
on Climate Change every seven years. Part of the answer to this capacity
problem is a planned deployment of modern knowledge management serv-
ices and technologies to support the assessment process. Add to this a re-
quirement for global, regional, and local coordination and we see that smart
cyber-infrastructure that informs and integrates global, regional and local
decision-making is needed.

In part 1, we argue that assessment is the critical first step in the manage-
ment of climate change impacts in an adaptive framework. While adaptation
governance requires correlated policies and actions at the global, regional, and
local levels, the primary locus of eftective adaptation action will be at the level
of communities. In any distributed assessment-governance network, success
depends upon flexible communication of situational awareness and outcomes
of decisions amongst many decision makers and stakeholders. Thus, the pre-
cursor to governance is the development of a knowledge action network for
adaptation and disaster management.There are few approaches to adaptation
that appeal to the interests of both developed and developing countries. How-
ever, there 1s a potential mutuality of interest in a global knowledge action
network for disaster management and adaptation. The considerable infrastruc-
ture built in the 20™ century for the management of research knowledge
could and should become the basis of an extended system that supports poly-
centric decision making for adaptation.

In part 2, we look at how we do assessments from the point of view of
local leaders who use them to formulate their adaptation decisions. We de-
scribe some of the requirements that assessments for adaptation must satisfy.

Sustainable Humanity, Sustainable Nature: Our Responsibility | 347



CHARLES F. KENNEL

We examine how the science, technology, and policy community manages
assessments to serve not only the traditional goal of preparing knowledge
in the academic literature for non-expert use, but also of prompting timely
and coordinated action by the huge variety of decision makers who must
use the knowledge. The challenges posed by the way things have been done
thus far point to the need to embed the four functions of assessment — cer-
tification, assembly and synthesis, translation, and delivery — in a knowl-
edge-rich cyber-infrastructure that supports their decision-making. A key
enabling step, one that requires the participation of the world scholarly
community to accomplish, is to develop standards that can indicate when
research results are ready for practical use. The ultimate goal is to turn as-
sessment from a document that appears periodically to an always-on knowl-
edge management service that experts, decision makers, and stakeholders
can access at times and places of their choosing.

Part 1: Assessment-Governance Architecture

Introduction

Roger Revelle made the famous observation that humanity is performing
a great one-time geophysical experiment. At the time, he may have meant
that people were causing changes in the climate that they could study in their
lifetimes when natural processes would have taken hundreds of generations to
accomplish. Today, this famous saying of his takes on a darker hue. We know
now as he did not that there is more CO, in the atmosphere today, almost
50% more than in the preindustrial era, than anytime in the last 800,000 years
and it is rising faster than ever before in earth history.We are taking the climate
places it has never been. Human civilization is going along for the ride.

We are entering a world new to human experience. Paleoclimatology tells
the story. The argument by now is familiar. There is more CO, in the at-
mosphere today than there has been for the last 800,000 years. There were
four ice ages during this period; in the warm interglacial intervals separating
them, atmospheric CO, concentrations peaked at a characteristic limit of 270
parts per million (ppm).We do not know why there was this limit, but there
was. We were at that limit before industrialization began 150 years ago, and
have blown right through it. The CO, concentration has reached 400 ppm
and 1s rising faster than ever before in earth history. We are taking the climate
places it has never been. Human civilization is going along for the ride.

Climate forecasts tell a similar story. In recent years there have been nu-
merous assessments of the impacts of future climate change. The idea is to
dissect the predictions of climate models to construct a picture of a future
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world that could result from what we are doing. One of the most com-
pelling was commissioned by the World Bank! and put together by the Pots-
dam Institute for Climate Research. The Institute scientists described the
climate conditions that would prevail if the world warmed to four degrees
Centigrade (4C) above preindustrial, a level many observers fear we will
reach by the end of this century if we continue with “business as usual”.To
convey a flavor of how unfamiliar that world would be, it suffices to note
that there will be regions where the average summer temperature will exceed
the highest temperatures achieved during 20" century. In other words, every
day will seem like a heat wave to people like us.

Until very recently many advocates of action on climate change miti-
gation — the effort to reduce emissions of climate altering gases like CO, —
disparaged talk of adaptation. There seemed to be a code of silence among
climate scientists. It was about morality and morale. If you admitted that
people could adapt to climate change, you would absolve gross emitters of
their ethical responsibility to mitigate; you would transmit a paralyzing fear
that the climate problem is getting away from us. Well, it probably is. It is
no less urgent to reduce carbon dioxide emissions, but it is becoming
equally urgent to adapt to the climate change we clearly cannot avoid
(Pielke, et al.,2007).2 Policymakers are beginning to adjust their priorities.

Mitigation and adaptation have different requirements and difterent pol-
icymakers. CO, mitigation policy focuses on measures of global reach —
things like deployment of green energy technologies and other methods of
reducing fossil fuel use, along with macroeconomic, regulatory, and inno-
vation policies. On the other hand key adaptation decisions are about local
resilience. They focus on disaster management and known environmental
issues that are expected to grow in importance. Adaptation speaks to the
practical people who manage local and regional issues on behalf of their
communities.

Not only do mitigation and adaptation have difterent audiences, they
have audiences of difterent size. The IPCC assessments were designed to
support a small number of large decisions made by a comparative handful
of central decision makers. By contrast, adaptation assessments will be
needed for millions of decision makers for hundreds of regions and indus-
trial sectors and thousands of communities.

"Tirn Down the Heat — why a 4 C warmer world must be avoided, World Bank, 2012.
% Pielke, Jr., R, G. Prins, and S. Rayner, Climate Change 2007: Lifting the taboo on
Adaptation, Nature, 445,597-598, 08 February, 2007.
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The past will not be a guide to the future for those decision makers. As
we think about how to support them, the most important thing is to re-
member that their intuitions and past experience will be decreasingly reli-
able. Of course, forecasts of the future climate will also be imperfect. But
they will still have to figure out how to adapt to climate change when they
are not entirely sure they know where they are and where they are going.

Assess, Decide, and Act

Adaptive management is what you do when you know you have a
problem you can’t put off but you don’t know how it will unfold.You take
stock, figure out what makes sense to do in the short run, do it, and start
again. In short, you assess, decide, and act.You assess, decide, and act over and
over again.You hope successive iterations bring you closer to a more sat-
isfactory solution.?

There is no magic bullet. For climate, we will have to assess, decide, and
act for the thousand years or more that the oceans will store the extra heat
humans have put into the oceans. Enduring institutions devoted to the
management of the climate and its impacts will surely be needed. A gov-
ernance architecture needs to be thought through, and the Assess, Decide,
and Act cycle of adaptive management provides a useful conceptual frame-
work for doing so.

A simple analogy can help us understand the task facing us. An interna-
tional consortium of 14 nations, led by NASA, has put a small planet in
orbit around the earth — the International Space Station. This little planet
is life-bearing, and there are managers in a control room at the Johnson
Space Flight Center in Houston who assess the changing conditions on-
board, decide what to do, and adjust the Station’s life support systems ac-
cordingly. They too assess, decide, and act. The world will have to manage
the entire planet the same way, only instead of a single control room in one
city, a global network will be required.

> Working adaptively has several clear advantages, and one major weakness. It does
what can be done given contemporary political and economic realities, it leads to in-
cremental progress, you can learn from your mistakes and readjust in the next assessment
cycle. This eases stress on the decision maker. At the same time, adaptive management
could not cope with a tipping point — a sudden reconfiguration of the climate system.
However, you need not be blind to the approach of one.You can look for precursors to
an approaching tipping point.The cyclic nature of adaptive management ensures ongoing
vigilance, so at least you have some warning and can put into motion the back up plans
your assessments have prompted you to prepare.
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Think Globally, Assess Regionally, Act Locally

These six words structure an approach to making assessments for adap-
tation purposes. Clearly, the talents of the international science, technology,
and policy community will be as critical to adaptation as they have been to
mitigation, but they will have to be deployed differently. The international
community’s role will be to support regional experts and decision makers
as they assess the impacts of climate change in their regions. Their assess-
ments will set the stage for the actions that the local communities within
their regions will be called upon to take.

If we keep in mind the two phrases, Assess, Decide, and Act, and Think
Globally, Assess Regionally, Act Locally, it will be easier to follow the discussion
of the relationship between assessment and governance that follows.

Assessment and governance

Assessment prepares research knowledge for practical use. In the past, the
coalescence of research into practical knowledge was unforced and relied
largely on the passage of time for controversies to settle out. Not until the
climate clock started ticking was there a need to accelerate this coalescence.
The Intergovernmental Panel on Climate Change made its first comprehen-
sive assessment of Climate Change in 1990. Now the climate clock is ticking
even faster. Past experience is becoming as uncertain as tomorrow’s forecasts.

We said it once; we will say it again; the past is no longer a reliable guide
to the future. This stark fact, new to our cultural appreciation of the climate in
all its manifestations, implies that assessment and governance are joined at the
hip. Like it or not, decision makers will have to trust assessments as much or
more than their own intuitions. Like it or not, they will have to pay close at-
tention to what recent research is saying (Tschakert and Dietrich, 2010).*

Assessment frames decisions and governance® makes them. By designing
an assessment regime, we constrain a governance regime and vice versa. In an

* Tschakert, P, and K. A. Dietrich. 2010. Anticipatory learning for climate change
adaptation and resilience, Ecology and Society 15(2): 11.

> My friends in the social sciences will consider my use of the governance word a
naive over-simplification, and they’ll be right. The word governance evokes a wealth of
associations in their minds; of treaties, intergovernmental agreements, and other inter-
national instruments; of states, alliances, regional associations, bureaucracies, non-gov-
ernmental organizations, and stakeholders; of regulations, taxes, and incentives. Here we
use the term governance broadly, assuming that there is an entity tasked with making
climate decisions or at least guiding the evolution of outcomes. The terms “decision”
and “decision maker” are equally abstracted from complex reality.
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ideal world, assessment would identify a suite of issues and an existing gover-
nance mechanism would be prepared to deal with them.We do not live in an
ideal world. Assessment considers the issues an existing governing authority
has the mandate to decide. This leaves the burden of cleaning up the remaining
issues identified by assessment to others, if they can be found. Moreover, the
climate 1s changing so the arrangements we make in one decade may not be
helpful in the next.What is needed is a flexible relationship between assessment
and governance that can deal with the challenges of adaptive management.

Impatience with the present way of doing things has been growing.
David Victor’s book, Climate Change Gridlock, makes it clear that if we try
to govern too broadly, we govern not at all. In the past five years two rather
large ideas about how to govern the climate system have emerged. Con-
nected together, they become even more powerful.

Let’s start at the global scale. Lael-Aria (2011) recently proposed that
specialized forms of international climate governance — in effect, “coalitions
of the willing” — are proving more eftective than the top-down approach
prescribed by the UN Framework Convention on Climate Change.® In the
same year, Keohane and Victor (2011)7 also argued that sub-global interna-
tional political mechanisms, to which they gave the names, “regime com-
plexes” or “clubs”, have made progress on more limited climate issues that
do not require global unanimity and lengthy negotiations.

What is needed is a global club that encourages action on adaptation.

At the regional and local levels, those who govern environmental deci-
sions today will be among those who make adaptation decisions tomorrow.
The complex systems they govern are embedded in other complex systems,
and their decisions have ramifications over large multi-disciplinary and ge-
ographic domains with fuzzy boundaries. Ostrom (2010)® proposes the
name “polycentric” for this kind of decision-making.

What is needed is a way to enable the “poly” in polycentric.

Below is a schematic governance architecture that might satisfy the two
needs we just identified above. An approach may be found where Assess,
Decide, Act intersects with Think Globally, Assess Regionally, Act Locally:

© Lael-Aria, Alternative Architecture for Climate Change, European Journal of Legal
Studies, 4,no.1,2011.

7 Keohane, R.O. and D.G.Victor, The Regime Complex for Climate Change, Per-
spectives on Politics, v. 9, no. 1, March 2011.

8 Ostrom, E., Beyond Markets and States: Polycentric Governance of Complex Eco-
nomic Systems, American an Economic Review 100 (June 2010): http://www.aeaweb.org/
articles.php?doi=10.1257/aer.100.3.1
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Think Globally

A loosely organized club of nations generates scientific knowledge and
makes much of it freely available. Funds from UNFCCC mechanisms or
other clubs of nations and non-governmental organizations provide re-
sources to encourage regional assessments and local participation.

Assess Regionally

Regional or local governing bodies commission multi-level groups to
identify issues, assemble pertinent knowledge, and deliver a synthesis in use-
ful forms. Experts interpret international knowledge, regional leaders spe-
cialize it, and local decision makers help prepare it for polycentric
decision-making.

Act Locally

Communities make the key adaptation decisions. They participate in
polycentric decision making by communicating their actions, reactions, and
special issues to all three levels.

Knowledge, Governance, Action

_ lAssess  |Decide At

Think Science & Policy Top Down Global Services
IPCC, UNEP, 10C UNFCCC Knowledge Sharing
Globa"y ICSU-Future Earth Informal Clubs of Nations Financial support
World Bank, other NGOs Capacity building
Standard setting
A Specific Impacts Polycentric National Policies
SSess - .
Natural systems Consortia Goals, Incentives,
1 Human systems Compacts Regulations, Technical
Regl ona I Iy Hazards Alliances Services

Act Locally

Exposure to risk

Strategic choices
Vulnerability
Capability

Feasibility

Information exchange

Bottom Up
Trusted local leaders
Stakeholders
Managers

Adaptation
Resilience

Disaster preparations
Remediation

Kennel, C.F., Cllmate Change: Think Globally, Assess Regionally, Act Locally, Issues in Science and Technology, 25, 46-52,

%228&issue=%222%22,

Publlsher National Academies, ISSN: 0748-5492, Order URL: http://worldcat.org/issn/07485492
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Success depends upon free and easy communication throughout any
distributed assessment/governance network. In the present situation, knowl-
edge needs to be related to action “horizontally” among experts and deci-
sion makers at each level, and “vertically”, both up and down, through the
global, regional, and local levels.

The precursor to governance in such a scheme is the development of a
global knowledge action network for adaptation and disaster management.
The schematic drawing below helps to convey the basic architectural principles
of such a network, whose purpose is to enable flexible communication among
and within the global, regional, and local levels of thought and action.

Global Knowledge Action Network

The Precursor To Governance

Success depends upon flexible communication throughout any distributed assessment/governance
network. Knowledge needs to be related to action “horizontally” among experts and decision makers at
each level, and “vertically”, both up and down, through the global, regional, and local levels.

Since such a network would be populated at first by knowledge generated
in the first-world, proposals to create one could founder on the polarized at-
titudes generated by adaptation’s primary ethical dilemma — the “north-
south” problem.” There are assertions of blame and responsibility but few

? In short, the nations that did the least to cause the climate problem and have the
least capacity to adapt are going to suffer the most. It can be no surprise that developing
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approaches to the north-south problem that appeal to the interests of both
developed and developing countries. However, there is a potential mutuality
of interest in a global knowledge action network for disaster management
and adaptation. Developed nations will continue to support their knowledge
management systems because they will have adaptation problems of their
own. Disaster management is already an arena of collaboration between the
developed and developing worlds that could be extended to adaptation. A
knowledge action network that reaches them would enable communities in
developing countries to initiate their own assessments, design their own adap-
tation strategies, and most, critically, take action on their own without having
to wait for ponderous bureaucracies to make up their minds. Communities
get a chance to become centers of innovation for adaptation.

Both developed and developing nations would have to invest in enabling
the present system, which was created to support research, to enable poly-
centric decision-making at the community level. Though there will be an
asymmetry in scale and nature of investment, both developed and develop-
ing countries could well see benefit in investing. It won’t solve everything
but it could help.

The question is where to start. The future is built on foundations con-
structed in the past. In Appendix 1A, we summarize some key features of
the knowledge management infrastructure created for earth system science
(and climate) in the second half of the 20" century. Many of the building
blocks of a global knowledge network that can document the impacts of
the changing climate were put in place — satellite and ground observations,
models, and data archives. There now exist high capacity communications
that can handle the exchange of large amounts of data, removing one im-
pediment to cooperative behavior amongst large research institutions. There
is even an intergovernmental organization, the Group on Earth Observa-
tions (GEO), charged with synthesizing data important to nine societal ben-
efit areas, the kind of data that regional assessments of climate change
impacts need. GEO is underfunded and has little influence on the large na-
tional systems that collect the data, but is there. If it disappeared, we would
have to reinvent it.

countries have demanded compensation for the damages they expect to incur. After all,
why should they pay for adaptation when the developed nations caused the problem?
This is a valid ethical claim, but developed nations have not responded to it with alacrity.
They might ask, for example, how one should calculate how much to pay when no one
can say with certainty how much it costs to adapt to problems that have not yet occurred.
With one side sticking to the mantra, compensation before adaptation, and the other
slow-rolling compensation, there has been inaction on adaptation.
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The critical next step is to change today’s knowledge management system
into tomorrow’s knowledge action system, or, in other words, to connect
today’s research systems to polycentric decision makers around the world.
Elsewhere, we have suggested'® that purposed smaller scale social networks
comprising international science, technology, and policy experts, regional
thought and action leaders, and local decision makers can eftectively link local
action to the global knowledge. These would be staffed by secretariats of pro-
tessional knowledge translators who facilitate the exchange of understanding
and motivation among the participants. These knowledge action social net-
works would be incubated internationally and empowered regionally and lo-
cally. The cyber-infrastructure for supporting the knowledge management
needs of local decision makers is available.!" Recent developments in “mid-
dleware” are enabling such user-providers to find, access, exchange, and use
data, software, and computing capacity that reside in remote systems (“‘the
cloud”). Since non-scientific users no longer have to manage their own cyber-
infrastructure, cloud services promise to make climate change knowledge
management adequate to the challenge of polycentric decision support.

What’s missing is the realization that it could be done and agreement that
it should be done. We have no illusion that it will be easy; it took decades to
bring capabilities to their present state, and it would take decades more to
complete the job.That does not mean it is not urgent to get started. At the
2011 UNFCCC meeting in Durban, the nations agreed to provide a US
$100B fund for adaptation by 2020. We have suggested elsewhere (Kennel, et
al., 2012)" that a fraction be used to develop a 21* Century assessment in-
frastructure. Moreover, non-Governmental organizations that already support
the use of knowledge in managing human and economic development
should now also support the management of that knowledge. Shouldn’t we
all plan for a social and information network of global scale that provides de-
cision-ready knowledge to those who hold the responsibility to act, wherever
they are, and at times of their choosing? Should we not start by assembling
the social infrastructure — policies, governance, institutions, financing — needed
to knit climate knowledge and adaptation action together?

1" Kennel, C.E, and S. Daultrey, Knowledge Action Networks, Connecting regional
climate change assessments to local action, University of California, e-scholarship, 2010,
http://escholarship.org/uc/item/8gd6;0k5

"' NSF Report on Revolutionizing Science and Engineering through Cyber-Infrastructure
(Atkins Report) www.communitytechnology.org/nsf_ci_report/

12 Kennel, C.E,V. Ramanathan, and D.Victor, Coping with Climate Change in the
next half-century, to be published, Proceedings of the American Philosophical Society,2012.
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Appendix 1A

As the space age unfolded, the earth science community turned to ar-
ticulating a common vision of what observing systems should do and how
they should do it. From the beginning, it was understood that both space
and in situ observations should be connected together. Satellite observations
have been internationally coordinated since 1984 by the Committee on
Earth Observing Satellites (CEOS), which today comprises the earth ob-
servation program leaders of national space agencies, together with affiliates
and associates. Currently, there are 52 member and affiliate agencies. A 1995
white paper of the US Office of Science and Technology Policy urged
CEOS to lead the creation of an Integrated Global Observing Strategy
(IGOS)." The strategy proposed linking CEOS to the international organ-
izations developing in situ observing strategies, the Global Climate Observ-
ing System (GCOS), the Global Ocean Observing System (GOOS), and
the Global Terrestrial Observing System (GTOS). These discussions pro-
ceeded surprisingly rapidly.

The 2002 World Summit on Sustainable Development and the 2003 G-
8 Summit called for a “system of systems” connecting national earth ob-
serving systems. A ministerial conference in Washington in 2003 was
followed by technical discussions that culminated an intergovernmental
agreement in 2005 to create the Global Earth Observation System of Sys-
tems (GEOSS) and a Group on Earth Observations (GEO) to govern it.'

GEO measures success not by advancing science but by assembling the
information produced by science that is pertinent to nine societal benefit
areas: disasters, health, energy, climate, water, weather, ecosystems, biodiver-
sity, and agriculture/desertification. GEOSS has taken on a critical task that
is invisible to all but experts: forging articulation standards that enable as-
sembly of a common pool of data from many sources about all types of
earth observations: space and in situ; global and regional; physical, chemical,
and biological; atmosphere, land, and oceans.To that end, GEOSS sponsors
a “common infrastructure” that promotes data interoperability. In other
words, GEOSS is preparing one of the most critical steps along the way to
a federation of knowledge management services.

3 C.E Kennel, P. Morel, and G.J.Williams, Keeping Watch on the Earth: an Integrated
Global Observing Strategy, in Consequences: the Nature and Implications of Environmental
Change, v.3, no. 2, pps. 21-32.

4 As of 2012, 88 governments and the European Commission are GEO members,
and 64 other organizations are aftiliated with it. The GEO secretariat is at WMO head-
quarters in Geneva.
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Climate science and policy rely upon putting present observations and
future forecasts in the context of the past. Thus the preservation and archiv-
ing of climate information is essential. The 20™ century saw the creation of
data repositories for much of the multidisciplinary data required for adap-
tation. The World Data Center (WDC) system was created to archive and
distribute data collected during the International Geophysical Year (1957)
and has since expanded to 52 Centers in 12 countries. Its holdings include
solar, geophysical, environmental, and human dimensions data. Examples of
repositories in the US include NOAA’s National Climatic Data and Na-
tional Ocean Data Centers, the USGS Earth Resources Observation Sys-
tems Center, NASA’s Distributed Active Archive Centers, and Columbia
University’s Center for International Earth Science Information Network,
which focuses on the human dimensions of global change.

Climate change presents a challenge encountered in no other area of
knowledge management: knowledge artifacts must be preserved and used
for a thousand years. The world’s climate archives will need a common strat-
egy that anticipates technological, institutional, and social evolution. Their
most immediate task is to agree on what should be preserved, what should
be widely available, and incentives for deposit. This will require a policy
framework that includes archiving standards, security, accessibility, meta-
languages. Agreements that allocate institutional roles and responsibilities
need to be negotiated.

Examples of the high-volume communications technologies needed for
tederation already exist. NASA pioneered the use of the Internet to connect
large numbers of researchers with data and management tools in the late
1980s. NASA’s Earth Observing System Data and Information System' as-
sembles, processes, archives, and distributes huge volumes of earth science
data collected from space. More recently, open non-centrally managed net-
works have also developed the capacity to deal with huge data volumes.
The US National Lambda Rail system,' for example, is a university-based

15 Kobler, B.; Berbert, J.; Caulk, P;; Hariharan, P.C.;*Architecture and design of storage
and data management for the NASA Earth observing system Data and Information Sys-
tem (EOSDIS)”, Mass Storage Systems, 1995. Storage — At the Forefront of Information Infra-
structures, Proceedings of the Fourteenth IEEE Symposium on, vol., no., pp. 65-76, 11-14 Sep
1995 doi: 10.1109/MASS.1995.528217 http://ieeexplore.ieee.org/stamp/stamp.jsp?tp
=&arnumber=528217&isnumber=11538

' D. Kim, J-B, Kim and J-H Park, Virtual Federated Network Operations on Future In-
ternet, Proceedings of the 6th International Conference on Future Internet Technologies
ACM, New York, NY, USA,2011; NLR (National Lambda Rail), http://www.nlr.net
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high-speed network that connects major research centers in the US via
dedicated fiber-optic lines. The US national system connects to subsidiary
regional networks, and to Europe, Asia, and Australia.

Part 2: Rethinking the assessment process

Summary of part 1

We are entering a world new to human experience. We cannot go back.
Our choices are, in the words of Rosina Bierbaum and Peter Raven, to
“avoid the unmanageable and manage the unavoidable”, or, in the terms of’
the trade, mitigate the causes of climate change and adapt to what we can-
not mitigate. Scientists and policymakers alike have to think out how to
use their resources to address both priorities simultaneously. The challenges
are not the same. Mitigation and adaptation have different requirements and
different policymakers. Not only do mitigation and adaptation have difter-
ent audiences, they have audiences of different size. The IPCC assessments
were designed to support a small number of large mitigation decisions made
by a comparative handful of central decision makers. Adaptation cannot be
managed top-down like mitigation. No central actor — no leader, no com-
mittee, no government agency, no global forum — can conceive of all the
specific actions needed, much less how they interrelate. The assessments
needed for adaptation have to grapple with a great diversity of regional cli-
mate change impacts, to attend to the highly specific needs of local com-
munities, and to deliver trustworthy knowledge to a huge variety of
decision makers. The enlargement of scope raises an important question
that we asked in our first paper. Does the relatively small science, policy,
and technology community have the capacity to serve the needs of millions
of decision makers in thousands of communities with different cultural,
economic, and environmental characteristics?

The past will not be a guide to the future for those decision makers. As
we think about how to support them, the most important thing is to re-
member that their intuitions and past experience will be decreasingly reli-
able. Of course, forecasts of the future climate will also be imperfect. But
they will still have to figure out how to adapt to climate change when they
are not entirely sure they know where they are and where they are going.
There 1s really only one practical approach: adaptive management. It is what
you do when you know you have a problem you can’t put oft but you don’t
know how it will unfold.You take stock, figure out what makes sense to do
in the short run, do it, and. start again. In short, you assess, decide, and act,
over and over again.You hope successive iterations put you on a safer course.
The whole process starts with assessment.
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What Assessments Do

While there are many variations, assessment usually comprises four basic
tasks. The first is a new form of knowledge certification that distinguishes be-
tween peer-reviewed research and decision-ready knowledge. In peer re-
view, disciplinary experts judge whether a new result merits wider
examination by the research community. Decision-readiness is a judgment
whether expert knowledge merits use by non-experts. The second assess-
ment task is knowledge assembly and synthesis in which knowledge from dif-
ferent sources is gathered and integrated according to the needs of the
decision maker. The third task is knowledge translation. Complex concepts
are condensed into forms non-experts understand, decision options are for-
mulated, and are expressed in politically, economically, and culturally aware
terms. The fourth task is knowledge delivery. It is important to deliver the re-
sults of assessments to decision makers when they need them and where
they need them.

Next we set forth arguments that we will need to embed the four func-
tions of assessment — certification, assembly and synthesis, translation, and
delivery — in a knowledge-rich cyber-infrastructure that supports decision-
making social networks. We examine each of these functions in more detail,
reserving certification to the end for reasons that will become clear.

Knowledge Assembly and Synthesis

[t is sometime convenient to picture global climate change as triggering
a chain of impacts, a global to regional to local cascade. In this way of look-
ing at things, climate scientists forge the first link in the assessment chain.
They document how the climate has changed and is changing. They devise
scenarios that project into the future the human drivers of climate change,
and average the forecasts of several dozen global climate models (Washing-
ton, 2006; Washington and Parkinson, 2005). IPCC’s synthesis of the world-
wide effort in global climate modeling provides the foundation of what
happens subsequently in the chain of regional assessments that follows.

The next step is to understand how global climate change affects re-
gional natural systems. First, you need to extract from the global models
how the prevailing weather and ocean circulation patterns might change
in your region. Then you ask how these changes affect the natural systems
there. At this point, other disciplines — meteorology, oceanography, ecology,
hydrology, forestry, environmental science, others — come into play. The
adaptation analysis starts here, and natural system impact assessments are
well under way in many regions around the world. Synthesizing the inter-
actions among the different natural systems is difficult (Warren, 2011), but
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it is from the synthesis that the next link in the chain is forged — identifi-
cation of the impacts on regional technical systems. Here decision makers
need answers to questions like the following. How will heat waves aftect
forest fire frequency, electrical power consumption, or public health? How
will changes in mountain snow cover and rainfall patterns affect agricultural
and urban water availability? How will changes in seasonality affect the tim-
ings of agricultural planting and harvest, or water release from dams?

Humans are at the bottom of the knowledge cascade. Regional natural
system change and regional technical system change combine to bear on
human welfare at the community level (Kennel, 2009).

The table below is intended to convey an impression of the complexity
of the adaptation knowledge cascade. In some very approximate sense, you
need to know how climate change affects the layers above before you can
assess the changes in what of interest is in your particular layer. But what is
given to you is inexact and can only be described in probabilistic terms.
You are faced with extracting conclusions from a concatenation of statistical
systems. In principle, you might try a hierarchical Bayesian computation
but this is very laborious, and to my knowledge, no one has done so for
climate. You fall back on applying human judgment to juxtapositions of
data, model results, algorithms, and intuitive guidelines. Still, you need access

Adaptation Knowledge Cascade

Weather and Ocean Patterns
Large atmospheric systems-equator to pole heat transport, polar vortex, atmospheric rivers,...
QOcean circulation-El Nino/La Nina, Pacific Decadal Oscillation, Gulf Stream...
Regional characteristics- temperature, wind, rainfall, relative sea level...
Extreme events-heat waves, cold snaps, storms, droughts, floods,...

Regional Geophysical Systems
Cryosphere-Sea ice, Greenland, Antarctic, mountain glaciers and snows, permafrost...
Mountains and Watersheds-river networks, aquifers, deltas, sediment transport...
Deserts-dust transport,...

Regional Ecosystems
Biodiversity: species distributions and abundances...
Biomes- chaparral, grassland, savannah, forest, tundra, marshlands, coastal zones...
Habitats-invasive species, fragmentation,..
Regional Technical Systems
Managed Ecosystems-Agriculture, forestry, fisheries...
Managed Water and Air Supplies-Irrigation, pollution,..
Managed Extreme Events-Disaster response and civil infrastructure...
Managed Human Services-Electricity production and transmission,...
Humans
Health-Malaria, cholera, respiratory diseases, ...
Security-Food, water, and energy, environmental conflict, migration
Economics-Industries, trade, investment
Welfare-Socio-Economic Development
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to knowledge sources from many disciplines, and you need to assure your
decision makers that you have found the best available. Moreover, if you
wait for knowledge to trickle down the chain from the global level you
risk waiting too long. Fortunately, knowledge does not only propagate
downward. At any time, hundreds of strands of knowledge are propagating
up, down, and across a complex network of sources and users. Your job is
to locate the strands your community needs and weave them into a fabric
of useful knowledge.

Knowledge Translation

In the world of climate assessment, people usually think that the word
translation means making technical concepts understandable to non-ex-
perts, or explaining uncertainty in layperson’s terms. It does, but there is a
much deeper function of translation, one even more essential to adaptation
than to mitigation, one that requires intimate communication among
knowledge generators and action leaders.

People do not live on the globe; they live in communities. Community
leaders focus on local trends, and the distant international community com-
petes for their attention with local advocates of social, economic, political,
legal, and cultural issues. Climate change operates in the background, and
poverty, public health, food availability, land conversion, safety, flood control,
fire protection, water distribution, water and air pollution, and congestion
all make more immediate demands. Local leaders will pay attention only if
their assessments address how climate change affects the specific things they
care about.

Communities have their own ways of making decisions. Communities
know best what they can and cannot do. Each has to decide what to pre-
serve and what to let go. As they think out what they will do, they will ar-
rive at socially and politically realistic strategies that may differ from those
of international policymakers.

Community leaders may be in different political systems, but there is
not one that does not appreciate public support. Woe to the assessment that
does not take into account local political sensibilities or fails to communi-
cate in culturally aware terms.

Translation goes beyond expressing ideas in accessible ways. It extends
to supplementing knowledge assembly and synthesis with social networking
in order to promote timely action. Communities are more likely to act
promptly when their assessments transmit the motivation to act along with
knowledge. The precursor to motivation is trust; do keep in mind that the
degree of trust needed to acknowledge the truth of scientific facts is far
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smaller than that needed to risk resources and reputation on action. Trust is
more easily achieved when there is face-to-face interaction, so when
knowledge and action leaders join together in “knowledge-action” social
networks, the prospect for timely action is improved. Indeed, a survey of
some 20 assessments showed that the direct participation of decision makers
does promote action.

Knowledge Delivery

The ultimate assessment task is to deliver translated knowledge to deci-
sion makers where they need it and when they need it. This is easier said
than done.

There is a looming timeliness problem. According to IPCC AR5 and
other expert estimates, the pace of global climate change is expected to
double in the coming decades. The Arctic climate is already changing at
twice the global rate, so our present Arctic experience suggests what might
be in store for the rest of the world in about 20 years.

The structure of the Arctic climate changed between two assessments
seven years apart. Between the 2004 Arctic Climate Impact Assessment
(ACIA) and its sequel, the 2011 Snow, Water, Ice, and Permafrost Assessment
(SWIPA), there was a marked acceleration in the rate of polar warming,
and most significantly, a change in the pattern of warming. The retreat of
sea ice in the past decade had replaced a white ice surface by darker ocean,
leading to increased absorption of sunlight and overwhelming the local
warming that had been in progress in 2004. Bottom line: ACIA got out of
date 1in just seven years.

The unexpectedly rapid pace of polar climate change also confounded
the fourth IPCC Assessment in 2007; the scientists on its cryosphere panel
could not agree on the rates at which the Greenland and Antarctic Ice
sheets were melting. Their disagreement would not have had consequences
beyond the world of science but for the fact that the ice melt rates are part
of the estimation of the rate of sea level rise, in which all kinds of practical
people are interested. IPCC, however, prides itself in releasing its pro-
nouncements only when the scientists reach consensus. It chose to release
a partial estimate of sea level rise, using only the part due to the much better
founded rate that can be calculated from the measured ocean warming.
IPCC was careful to list all the uncertainties in the ice melt rates, but prac-
tical people are not really very interested in the anxious handwringing of
scientists. So a substantial under-estimate got out there. The scientific com-
munity, however, was horrified, and a veritable explosion of research fol-
lowed, so that by the time the IPCC’s fifth assessment was released in late
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2013 one could see what had happened in 2007. The ice melt rates had
been undergoing a tremendous transformation. IPCC AR5 estimated that
the ice melt rate from Antarctica, while uncertain, probably increased by
about a factor 5 between the two decades, 1992-2001 and 2002-2011; the
Greenland ice melt rates increased by a factor 6 comparing the same two
decades. The melt rate had been changing faster than the scientists could
document the changes.

If indeed the pace of climate change does pick up around the globe,
there may come a time when the global climate assessments also get mis-
leadingly out of date between releases. By that time, communities will likely
be dealing with serious adaptation issues of their own. At that time, will
they be willing to wait for knowledge to cascade down to them from the
next global assessment? Won't their problems be so acute that they will de-
mand immediate delivery of whatever is available?

In addition to the timeliness challenge, there 1s a coordination challenge.
No community is an island unto itself. No community can escape being part
of a polycentric governance network in which it is obligated to coordinate
its decisions with those of its neighbors. Each has a responsibility to account
for the climate benefit or risk it is passing on to others. Each needs to com-
municate its special needs, vulnerabilities, strategies, and costs to the larger
governance network in which it resides. Not until many communities have
done so, and the results added up around the world, will global policymakers
be able to estimate a truly realistic cost-benefit ratio that balances the costs of
adaptation and mitigation. The knowledge flow can never be one way.

To sum up the past three sections, assessments made for adaptation must
cope with an extraordinary complexity of knowledge assembly and syn-
thesis, highly specialized requirements of a vast number of decision makers,
an increasingly exacting requirement for timely delivery, and a need to co-
ordinate decisions. By now our position should be clear. The challenges of
complexity, capacity, timeliness, and coordination can all be alleviated by
the purposeful deployment of information, communication, and social tech-
nologies. By blending technologies, policies, and institutions, we could turn
assessment from a periodically appearing document into an always-on
knowledge management service that communities, industries and agricul-
ture, and individuals everywhere can access at any time.

What is keeping us back?

Knowledge Certification

Decision makers are used to acting on less than perfect knowledge, but
they do need to know how much trust to place in the knowledge they use.
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How do they find knowledge they can trust? How can they judge unfa-
miliar information sources? Sometimes they cannot wait until a formal as-
sessment 1s published; what risk do they take if they use research whose
practicality has not been evaluated?

Knowledge Certification is the Intergovernmental Panel on Climate
Change’s most important value added product. In its knowledge assembly
function, [IPCC’s expert sub-panels, through exhaustive small group discus-
sion, judge whether a recent synthesis of research results is ready to be con-
sidered reliable knowledge. The sub-panels express their consensus
judgments in terms like “virtually certain” to which they intuitively assign
an illustrative probability percentage (e.g., 90-100% certain). In this way,
[PCC experts estimate the reliability of the knowledge in the academic lit-
erature before they pass it on to the policy-maker.

IPCC characterizes research knowledge, and does not assess the uses to
which that knowledge is put. IPPC does not and cannot address the relia-
bility of the secondary and tertiary assessments that may be needed to ad-
dress the highly specific needs of communities, agriculture, and industry. As
time passes, and the knowledge is put to work in various adaptation con-
texts, decision makers with similar issues will want to know how that
knowledge has been used. And waiting seven years for the next global level
assessment may take too long; as we have already argued, decision makers
in need may not wait for knowledge to trickle down. They will want the
most up-to-date knowledge, and they will turn to the worldwide web to
find it. Non-experts who try it today run into a familiar problem: they do
not have a trusted guide to help them hunt for the reliable knowledge in
the information jungle.

Embodying in institutional and technical practice the distinctions among
peer-review, research impact, record of use, and what we will call decision-
readiness could be a key enabling step. In peer review, a few experts evaluate
whether a new research paper merits examination by the rest of their dis-
ciplinary community. The traditional peer-review process is managed by
scholarly journals, whose editorial boards select the reviewers. The subse-
quent citation history measures impact in the eyes of experts in the originating
or closely related disciplines. Peer review and research impact are precursors to
evaluating knowledge reliability, where the question is to what extent the
overall picture emerging from a synthesis of research results is generally ac-
cepted by the expert community.

By and large, research impact has been measured by the degree of assent
or dissent in the citation history. Knowledge reliability, or general acceptance,
has been intuitively evaluated by face-to-face social networking amongst ex-
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perts, as with IPCC.This will continue to be the most important process, but
we can also ask whether internet-based methods can relieve some of the bur-
den.To what extent can reliability as well as impact be evaluated using a com-
bination of data mining and social networking? For example, one could ask
whether citations generated in a basic research discipline have propagated to
an applied discipline. One could provide social maps of the knowledge users
that track the propagation of knowledge from source to users. Addressing
such questions is a task not only for the climate science community but also
for the broader scholarly community. Together, they could convene leaders
of journals, scholarly societies, libraries, commercial services, and potential
users to formulate standards that find a workable balance between information
theoretic indicators and human judgment.

There is one further characterization of knowledge that will become
more prominent once adaptation proceeds — by decision-readiness. The idea
that climate research could be described in terms of decision-readiness levels
has been inspired by a successful practice adopted years ago by NASA in
which technology in development is characterized by its record of use as it
progresses to ultimate inclusion in flight hardware. In the climate case, a
judgment of decision-readiness involves both the research and decision
making communities. Regional and local decision makers around the world
will be facing broadly similar adaptation issues. There will be many of them.
They will want to know the practical issues considered by their compatriots
in putting the knowledge to use, and they would like to know the record
of its use. A characterization of decision-readiness will help them make
their own decisions.

Annotated search

We hope we have made our position clear. The more the basic functions
of assessment — knowledge certification, knowledge assembly and synthesis,
knowledge translation, and knowledge delivery — are carried out by web-en-
abled services, the more the goal of combined bottom-down and bottom-
up adaptation management becomes achievable, the more the goal of globally
connected governance of polycentric decision making at local and regional
levels becomes attainable, the more communities far from centers of knowl-
edge generation are empowered to take their own adaptation initiatives.

In the fullness of time, there could evolve a search engine that could first
supplement and ultimately even replace the burdensome documentary form
in which assessments appear today. An annotated search engine would op-
erate in two ways. First, like a globally distributed library of libraries that
stores and catalogs the information products needed by researchers and de-
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cision makers and facilitates access to vast quantities of knowledge and data.
Second, like a multi-disciplinary journal with a huge table of contents that
appears every day, every entry annotated by a globally distributed network
of expert reviewers and users. The annotation would provide measures of
research quality, extent of impact, breadth of expert acceptance, and expe-
rience with use. (Sir Bob Watson has argued that reviews be posted in wiki
form). The search engine would likely be governed by an IPCC-like or-
ganization, but be professionally managed. Its managers and editors would
among other things solicit synthetic summaries as soon as an area of new
research seems mature, decide which materials qualify for archiving, provide
finding and data mining tools, and promulgate quality, impact, and reliability
indices. For decision-readiness it would manage reviews that include the
user as well as the peer communities. All this is a tall order, but not beyond
the kinds of things that are done in the financial world.

A Way Forward

Adaptation requires an international framework of policies, institutions,
technical agreements, and finance. In the terms of our two white papers, we
can see at least four components of the framework: incentives to incubate
knowledge action social networks at the regional and community levels; po-
litical understandings that enable knowledge sharing; incentives for existing
institutions to integrate research knowledge management with decision sup-
port; and steps to stimulate the evolution of a global federation of knowledge
management services that support polycentric decision-making.

A club of research knowledge management institutions could get the
process started. The diplomatic community could then establish a timeline
for the creation of a global decision support federation. This would extend
the initiative the diplomatic community took in creating the Group on
Earth Observations, GEO. As GEO recognizes, the precursor to connecting
knowledge management systems together is agreement on standards; the
right standards, especially for decision-readiness, could set the stage for
today’s research system to be turned into tomorrow’s knowledge action sys-
tem. Standards could be a good place to start.
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Appendix 2A. Natural System Impacts

Some aspect of climate change will have an impact on every region, na-
tion, community, and industry (IPCC Working Group II,2007; Stern, 2007;
Padwardhan, ef al., 2009). Here we take an impressionistic tour of the many
different types of changes in regional natural systems that communities are
beginning to worry about.

If you live in the Arctic, you wonder how long the permafrost will sup-
port the structures you have built on it or how caribou migration might
change Arctic Climate Impact Assessment, 2004). If you live along the Indus
or Ganges rivers, one of your concerns will be how the melting Himalayan
snows (Immerzeel, et al.,2010) and changing monsoon (Authammer, et al.,
2012) will affect the irrigated agriculture, biodiversity, and populations along
the river (Xu, et al., 2009). If you live in a number of places in Asia, you
worry about how air pollution and climate change interact to affect public
health, agriculture and mountain snows (UNEP, 2008). If you live in coastal
Peru, all your fresh water comes from Andes snowmelt, which you know i1s
vulnerable to warming (Vergara, 2007). In Bangladesh, you worry whether
villages will cope with floods, storm surges, and the cholera outbreaks that
accompany them (Shahid, 2010). If you live in Venice (Carbonin, et al.,
2010), London (Nicholls, et al., 2011), Tokyo (Yasuhara, et al., 2011),
Bangkok (Dutta, 2011), New York (Lin, et al., 2012), or Amsterdam (Kats-
man, et al.,2011) you wonder how much it will cost to protect from storm
surges the valuable infrastructure you have built over the centuries (Adly, et
al., 2011). If you live on a small island, you wonder how long you will be
able to do so (Kelman and West, 2011). If you live in Egypt (Serageldin, pri-
vate communication 2011) or in California’s Central Valley (Cloern, ef al.,
2011), you worry that salt-water intrusions might harm the fabulously rich
agricultures of the deltas of the Nile and Sacramento rivers. If you live in
the American West (Painter, et al., 2010; Cook, et al.,2009), Australia (Lin-
denmaier, et al., 2010), or North China (Qian, ef al., 2002), you worry about
drought, desertification, wildfires, and dust storms. In Western Canada, you
worry about the warming-induced infestation of pine bark beetles (Cud-
more, et al., 2010) that subjects its boreal forest to fires that put nearly as
much CO, into the atmosphere as Canada’s natural forest growth is seques-
tering (Running, private communication; Socks and Ward, 2010). In Africa,
you worry about how agriculture (Dinar, 2012) and livestock (Thornton,
et al., 2009) will fare. And there are a few things that everybody worries
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about: food security (Commission on sustainable agriculture and food se-
curity, 2011), human health (Bowen, ef al.,2012), how nature’s wild places
will survive (Morzillo and Alig, 2011).

In short, adaptation is an issue for everyone, but not the same issue. Peo-
ple are not interested in everything that can happen, only what could hap-
pen to them.

Appendix 2B. NASA Technology Readiness Levels

The following description is taken from a NASA website. There are nine
technology readiness levels. TRL 1 is the lowest and TRL 9 is the highest.
When a technology is at TRL 1, scientific research is beginning and those
results are being translated into future research and development. TRL 2 oc-
curs once the basic principles have been studied and practical applications
can be applied to those initial findings. TRL 2 technology is very speculative,
as there 1s little to no experimental proof of concept for the technology.

When active research and design begin, a technology is elevated to TRL
3. Generally both analytical and laboratory studies are required at this level
to see if a technology is viable and ready to proceed further through the
development process. Often during TRL 3, a proof-of-concept model is
constructed. Once the proof-of-concept technology is ready, the technology
advances to TRL 4. During TRL 4, multiple component pieces are tested
with one another. TRL 5 is a continuation of TRL 4, however, a technology
that 1s at 5 is identified as a breadboard technology and must undergo more
rigorous testing than technology that is only at TRL 4. Simulations should
be run in environments that are as close to realistic as possible. Once the
testing of TRL 5 is complete, a technology may advance to TRL 6. ATRL
6 technology has a fully functional prototype or representational model.

TRL 7 technology requires that the working model or prototype be
demonstrated in a space environment. TRL 8 technology has been tested
and “flight qualified” and it’s ready for implementation into an already ex-
isting technology or technology system. Once a technology has been “flight
proven” during a successful mission, it can be called TRL 9.
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SUSTAINABLE TRANSFORMATION
OF HUMAN SOCIETY IN ASIA

YUAN TSEH LEE

Abstract

The train of human development is going in the wrong direction, and
is headed for a terrible crash. From here on, Asia and other emerging re-
gions will be the main drivers. So we must work closely with them to steer
in a more sustainable direction, by fundamentally transforming the way we
think about, and do, development.

Introduction

The human-nature relationship is out of balance. The stream of scientific
warnings this past year — the World Bank’s Tiirn Down the Heat report, the
Intergovernmental Panel on Climate Change (IPCC) reports and more —
have made clear the severity of this reality. We have seen that human impacts
are changing our earth system in ways so dangerous, it could destroy human
welfare on this planet.

The implication is grave: The train of human development is going in the
wrong direction, and is speeding towards a horrific crash... If we wish to avoid a tragic
end, we must radically change the train’s course in this coming decade.

And we can only steer away from disaster if we transform the way soci-
eties develop. Exciting efforts on this are now sprouting up all over the
world, but still our collective effort is, we must admit, far from what the
challenge requires. I fear that humanity is losing this fight.

Asia is now driving the train

Our task is complicated by another reality. It is the fact that the train of
human development has other drivers now — the emerging economies of
Asia, Latin America, Africa and elsewhere, and especially the 2.5 billion people
in China and India. In terms of the future growth of human activities and
impact, simply put, Asia and the developing world are now driving this train.

This article will discuss what this means and then ofter some thoughts
on what we can do about it. But first, I would like to share with you some
incredible numbers.

The US Energy Information Administration projects that in the next
30 years, global energy consumption will rise by 56%. Of that growth, half
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will come in China and India alone, and 90% will be in non-OECD coun-
tries. By 2040, China’s energy consumption is projected to double to about
twice of the US demand.

On food, some experts project that we will need to increase today’s food
production by 80% by 2050, in part because the rising middle class in
emerging economies is eating more and more meat. The Meat Atlas project
that, over the next 8 years, 80% of the growth in world meat consumption
will come in the booming economies of Asia and other developing regions,
with China and India again accounting for the fattest slice.

In mid-June, Bill Gates tweeted this shocking statistic: in the past three
years alone, China used more cement than the United States did in the en-
tire 20" century.

China used more cement infl-‘mlaﬁtthrm years
thanthe US. used in the entire 20th century.
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The scale and speed at which the emerging world is developing and
consuming resources boggles the imagination. A recent report from the
UN Environment Programme thus concluded: “Because of the Asia Pacific
region’s growing dominance in total world resources demand, the demand
curve for the world as a whole has come to increasingly reflect that for the
region”. The message is unambiguous. The train of development, growth
and impact is now being driven by Asia, with China and India at the wheel.
And they are charging full speed ahead.
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Pursuing prosperity on a limited earth

The whole world would celebrate this without hesitation, were we liv-
ing on a planet of infinite space and resources. But we obviously do not.
Decades of scientific research show that the earth system we live in has
only limited resources to supply our needs, and limited capacity to absorb
our impact. And we have already gone over those limits. Since 1900, the
global population has increased four times, while global resource consump-
tion went up eight times. And the impacts are proving devastating: heating
the world, killing species, ruining ecosystems, intensifying disasters, wors-
ening human health... the other pieces in this volume document these im-
pacts expertly.

However, this has not stopped Asia or the rest of the emerging world.
They are hungry for development, hungry for more resources, and hungry
for a better life. They believe, with good reason, that the rich countries have
gotten their share, and are responsible for most of the environmental im-
pacts. It is time for the developing regions to get theirs.

A couple of years ago, at an international meeting in Berlin, I had an
exchange that I still remember like it happened yesterday. When I said that
the world was over-developed, and that we must turn back, an African col-
league, a well-respected leader on sustainability, immediately responded:
“Professor Lee, you cannot say that. The people in Africa are miserable. We
have to develop. And if that means we destroy the world, well... then we
can all die together!”

I am guessing that like me, you would rather not die together. But you
can probably understand where my colleague is coming from.The people of
Africa, Asia, Latin America and elsewhere want a decent life. And let us be
honest: they deserve a decent life, and they will try to get a decent life, one
way or another. The question therefore changes from “whether” to “how”.
How will they develop? How will they give their people a decent life?

‘We may not know the precise answer to that question, but we do know
this: If Asia gets wealthy the old way, by chasing GDP growth at any cost
and consuming and emitting massively, like some Western countries have
done, then it is game over. Asia represents over 60% of the world’s popula-
tion and the biggest share of future resource consumption and impact. So
which way Asia goes could very well decide our future.

It is therefore in the interest of us all to work with Asia and the rest of
the developing world on choosing a better course, to steer the train of
human development in a new, sustainable direction. And this will effectively
amount to the biggest and most complete transformation ever in the way
humanity develops on this planet.
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The Sustainability Transformation

Since other chapters in this volume address transformations in technology
and innovation with more expertise, I will focus instead on a difterent kind of
transformation, one that starts with the way we think about development.

As you know, the Brundtland Commission defined sustainable development
as “development that meets the needs of the present generation, without com-
promising the ability of future generations to meet their own needs”. This def-
inition did set the tone for decades of efforts. But it does not answer two rather
fundamental questions: what do we mean by development? And what do we
mean by “need”? These two questions are more critical than you think.

In Asia, the dominant view of development is that GDP and consump-
tion will keep on growing. It is the dream that one day, everyone will have
a big and beautiful house, personal cars, new consumer goods, foreign va-
cations, and so on. But is that really what “development” means? Is this
really what present and future generations “need”?

A sleeping human can survive on 100 watts, continuously supplied. An
average American uses 100 times that, 10,000 watts. A Swiss initiative be-
lieves 2,000 watts is the sustainable level. Which is the right level? Asia seems
to be aiming for 10,000 watts.

[ am not arguing for one right definition of development or one right
level of need. There are already many versions of development even just
within Asia. Some focus on growing the GDP, and growing shopping malls
and condos connected by freeways for personal cars. Others, like Bhutan,
focus on growing something else, such as happiness. The problem is with
NOT defining development at all, because then anything goes. Countries
can freely pursue the versions with sky-high consumption and waste, because
it 1s perceived as being just as valid as any other version. Yet we know this
would be disastrous for all of humanity. In sustainability terms, not all versions
of development are equal, and we should not pretend that they are.

Sadly, the trends are not good.The UNEP report mentioned earlier ob-
serves that in the Asia-Pacific, resource consumption per unit of GDP is
not falling. It is rising. If our appetite for resources grows indefinitely, then
no amount of technological innovation is going to save us.That is why we
urgently need a sustainability transformation, starting with the very way we
define “development” and “human needs”. We must be willing to speak the
truth, that in matters of development, “anything goes” is not acceptable.

The responsibility of the developed countries

This also has important implications for the developed countries and
what they should do. Because the path Asia chooses is so critical, we cannot
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leave it up to chance. Instead, the developed countries should actively work
with Asia to choose the right direction.

This means 3 things:

— First, the rich countries should admit that the path they took to get rich
is not to be followed without careful examination. And they should ac-
tively transform their own development, so that they have more credi-
bility by “walking the talk”.

— Second, they should stop encouraging Asia and the developing world
to keep spending, consuming and growing, like they have done repeat-
edly in the media and in international meetings. It is like knowing per-
tectly well that this train is heading for a crash, but still telling the driver
to go faster.

— Third, they should actively work with Asia to find new directions, to iden-
tify, test and implement new ways of development that improve welfare
but consume less resources and lead to less environmental impacts. There
are already tons of inspiring examples out there, so we know it can be done.

This is a pivotal moment, because Asia is literally choking on the smog of
unsustainable development. Air pollution is dominating global headlines
and even crossing the Pacific Ocean. People now understand how stupid it
is to chase growth while our environment and living conditions are being
damaged and degraded.

But the transformation requires full-hearted commitment. We cannot
do a few sustainability initiatives here and there, while continuing to pro-
mote unsustainable consumption and unsustainable growth with our eco-
nomic and trade policies.

Future Earth

Before wrapping up, I would like to tell you about a big mobilization of
the global science community to drive this transformation. The Interna-
tional Council of Science (ICSU), of which I am President, has launched a
10-year research program together with the International Social Science
Council (ISSC), the Belmont Forum of government research funders, UN-
ESCO, UNEP, UNU, and the WMO.

We call this program Future Earth. We think it can make a big difference.
And we want to invite you to work with us. Future Earth organizes global
sustainability research that produces knowledge and solutions to help soci-
eties confront environmental change:To increase resilience and reduce vul-
nerabilities, and to identify pathways for transition to a sustainable future.
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There are three things that make Future Earth different from any previous

research program:

— First, governments, businesses and other stakeholders sit at the table with
scientists from the very beginning, to ensure that the research is relevant.

— Second, Future Earth brings together researchers of all fields and disci-
plines, in a way that is more integrated than ever before.

— Third, Future Earth is about producing concrete solutions to the big
challenges, like how we can make cities and communities less vulnerable
and more resilient.

At this moment, Future Earth is establishing a globally distributed Secre-
tariat with regional centers, and its networks are growing across the world.

Conclusion

So this is where we are. The train of human development and impact is
now being driven by Asia and the emerging economies, and they are charg-
ing full speed ahead. Where they take us will likely decide the fate of both
humanity and nature. We can encourage them to keep accelerating in the
wrong direction, as we have often done, or we can help them steer in a new
direction, by fundamentally transforming the way we think about and do
development.

This is a transformation we must fully commit to with our hearts, words
and actions. Every minute we wait, the train gains more speed and momen-
tum towards a terrible crash.
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THE PRICE OF INEQUALITY: HOW TODAY’S
DIVIDED SOCIETY ENDANGERS OUR FUTURE

JosepH E. STiGLITZ*

Growing inequality within most countries around the world is one of the
critical issues facing the world today. People everywhere sense that it is morally
wrong. We sense that it cannot be justified. We sense that it 1s dividing our soci-
eties and undermining our democracies. And we are right in sensing this harm.

These effects of inequality should be more than enough to steel the re-
solve to do something to reduce growing inequality. But even if one didn’t
care about these effects, there are further reasons to fight inequality. It is
self-defeating: it undermines our economies.

In this short paper, I want to do two things: First, I will describe the na-
ture of this growing inequality, its multiple dimensions, and say a few words
about its origins, explaining why it is has such adverse eftects, and arguing
that this inequality is not inevitable: it is a result of policies and politics.
There are policies that would simultaneously reduce inequality, heal some
of the divides in our societies, and strengthen our economies. Then, I turn
to the main focus of this conference — the environment — and explore its
relationship to inequality.

This paper takes a global perspective with a special focus on the United
States, simply because America has achieved the distinction of becoming
the country with the highest level of income inequality among the ad-
vanced countries. As others have followed America’s lead, they too have
suffered increasing inequality.

I. The multiple dimensions of inequality in America, and its lessons for
the world

There is no single number that can depict all aspects of society’s inequal-
ity, but matters have become worse in every dimension. Income inequality
i1s one of the most obvious indicators: In the United States, more than a
fifth of all income goes to the top 1%.2 This is a level of income concen-

! University Professor, Columbia University.

> See Emmanuel Saez, “Striking it Richer: The Evolution of Top Incomes in the
United States” (Updated with 2012 preliminary estimates), September 3,2013. Accessed
on June 11,2014 from http://eml.berkeley.edu/~saez/saez-UStopincomes-2012.pdf
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tration that, until the 2000s, the United States had not experienced since
before the Great Depression. It is twice the proportion of 30 years ago, and
it 1s getting worse. Since the so-called recovery began after the Great Re-
cession of 2008-2009 — in other words, since the U.S. economy returned
to growth — 95% of the gains in income have gone to the top 1%.° Even
within the top 1%, there is inequality, with ultra-high income earners in
the top 0.1% taking home some 11.3% of total income in 2012, which is
some three to four times the number thirty years ago.*

Wealth in America is far more concentrated than income.The wealthiest
1% of Americans hold 35% of the wealth, and even more when housing
wealth is not counted.’ This too is on the upswing. For the quarter century
before the Great Recession, the rich were getting wealthier at a more rapid
pace than everyone else. When the crisis hit, it depleted some of the richest
Americans’ wealth because stock prices declined, but many Americans also
had their wealth almost entirely wiped out as their homes lost value. After
the crisis, the wealthiest 1% of households had 225 times the wealth of the
typical American in 2009, almost double the ratio 30 or 50 years ago.® (Just
one example of the extremes of wealth in America is the Walton family:
the six heirs to the Wal-Mart empire command wealth of $90 billion, which
is equivalent to the wealth of the entire bottom 42% of U.S. society.” The
numbers may not be as surprising as they seem, simply because those at the
bottom have so little wealth).

Inequality in America plays out along ethnic lines in ways that should
be disturbing for a country that had begun to see itself as having won out
against racism. Between 2005 and 2009, a huge number of Americans saw
their wealth drastically decrease. The net worth of the typical white Amer-
ican household was down substantially, to $113,149 in 2009, a 16% loss of
wealth from 2005. That’s bad, but the situation is much worse for other
groups. The typical African American household has lost 53% of its wealth

° Ibid.

* See Alvaredo, Facundo, Anthony B. Atkinson, Thomas Piketty and Emmanuel Saez,
“The World Top Incomes Database”, http://topincomes.g-mond.parisschoolofeconom-
ics.eu Accessed on 06/12/2014.

> See Wolff, Edward N. “The Asset Price Meltdown and the Wealth of the Middle
Class”, NBER Working Paper No. 18559, November 2012.

¢ See Allegretto, Sylvia A.,“The State of Working America’s Wealth”, 2011, EPI Bricf-
ing Paper #292.

’See for example Josh Harkinson, 2012, “6 Walmart Heirs Hold More Wealth Than
42% of Americans Combined”, Mother Jones, July 18, available at http://www.mother-
jones.com/mojo/2012/07/walmart-heirs-waltons-wealth-income-inequality
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— putting its assets at a mere 5% of the median white American’s. The typical
Hispanic household has lost 66% of its wealth.® In the years of “recovery”,
as stock market values rebounded (in part as a result of the Fed’s lopsided
efforts to resuscitate the economy through increasing the balance sheet of
the rich), the rich have regained much of the wealth that they had lost; but
this is not the case for the rest of the country.’

At the same time that income has become ever more concentrated at
the top in the United States, more people are in poverty at the bottom.
Some 22% of American children live below the federal poverty level. The
inflation-adjusted median income of an American male worker with only
a high school degree has fallen by 47% from 1969 to 2009.1

Equally disturbing, there has been a hollowing out of the middle class —
long the core strength of the societies of countries with advanced economies
— which has seen its income stagnate. Median household income in the
United States, adjusted for inflation, 1s lower today than it was in 1989, a quar-
ter century ago. For large segments of the American population, matters are
even worse. A full-time male worker today makes less than 40 years ago.

This recession has made the plight of those in the bottom and middle
far worse. For most, there is no recovery. Still, the data just presented should
make clear that the problems of inequality pre-date the crisis.

An economy in which most citizens see no progress, year after year, is
an economy that is failing to perform in the way it should. Indeed, there is
a vicious circle: the high inequality in the United States and other wealthy

8 See Paul Taylor, Rakesh Kochhar, Richard Fry, Gabriel Velasco, and Seth Motel,
2011,“Wealth Gaps Rise to Record Highs Between Whites, Blacks and Hispanics”, Pew
Research Center report, available at http://www.pewsocialtrends.org/files/2011/07/
SDT-Wealth-Report_7-26-11_FINAL.pdf

?That this is the case can be clearly seen by examining what has happened to different
kinds of wealth since the end of the crisis. Stocks, which are disproportionately owned
by the wealthy, have done very well. Stock market values in the United States increased
$13 trillion from January 2009 to December 2013, according to data from the Center
for Research in Security Prices. Meanwhile, home values, which account for much of
middle class wealth, have not enjoyed a strong recovery: one fifth of American homes
were still underwater as of Spring 2014 — their owners owe more on their mortgages
than the market says their houses are worth. For a concise discussion of this, see “What
Housing Recovery?” by Peter Dreier, The New York Times, May 8, 2014, available at
http://www.nytimes.com/2014/05/09/opinion/what-housing-recovery.html?ref=
opinion&_r=0.

19 US Census Bureau, Census Table P-5. Census historical table P-5 available at
http://www.census.gov/hhes/www/income/data/historical/people/ Accessed on June
12,2014.
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countries is one of the major contributing factors to their weak economies
and low growth, a theme to which I will return later in this paper.

As disturbing as the data on the growing inequality in income are, those
that describe the other dimensions of America’s inequality are even worse.
There are, for instance, marked inequalities in health, reflected in differences,
for instance, in life expectancy. The poor are exposed more, too, to envi-
ronmental hazards. What is particularly disturbing is the large numbers of
Americans who do not have access to the basic necessities of life. Until the
American Affordable Care Act, more than a sixth of Americans had no
health insurance. Even though about one in seven Americans now depend
on the government for basic food, a comparable number still go to bed
hungry every year, not because they are on a diet, but because they or their
families cannot afford adequate nutrition.

Perhaps the most invidious aspect of inequality is that affecting oppor-
tunity. Equality of opportunity — the “American dream” — has always been
a cherished American ideal. But data now show that this is a myth: America
has become the advanced country not only with the highest level of in-
equality, but one of those with the least equality of opportunity. The life
prospects of a young American are more dependent on the income and
education of his parents than in other developed countries. We have be-
trayed a fundamental value. And the result is that we are wasting a most
valuable resource, our human resources: millions of those at the bottom are
not able to live up to their potential.

A number of studies have noted the link between inequality of outcomes
and inequality of opportunity. When there are large inequalities of income,
those at the top can buy privileges for their children that are not available
to others, and they often come to believe that it is their right and obligation
to do so. And, of course, without equality of opportunity, those born in the
bottom of the distribution are likely to end up there: inequalities of out-
comes perpetuate themselves. For the United States, this should be deeply
troubling: given the low level of equality of opportunity and the high level
of inequality of income and wealth, it is possible that the future will be even
worse, with still further increases in inequality of outcome and still further
decreases in equality of opportunity.

America has been “winning” the race to be the most unequal country
(at least among developed countries). But unfortunately, much of what I
have just described for America has been going on elsewhere. The more
countries follow the American model, the more the results seem to be con-
sistent with what has occurred in the United States. The United Kingdom
has now achieved the second highest level of inequality among the coun-
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tries of Western Europe and North America, a marked change from its po-
sition before the Thatcher era. Germany, which had been among the best
performers within the Organisation for Economic Co-operation and De-
velopment (OECD), now ranks in the middle. Most disturbing are the pat-
terns that have emerged in the economies of transition, which at the
beginning of their movements to a market economy had low levels of in-
equality in income and wealth (at least according to available measure-
ments). Today, China’s inequality of income, as measured by its Gini
coefhicient, is roughly comparable to the inequality of the United States
and of Russia."" Across the OECD, since 1985 the Gini has increased in 17
of 22 countries for which data is available — often dramatically.?

Today, I want to make several observations concerning the growing in-
equality that I have just described.

1. The first observation is that this inequality is largely a result of policies.
The laws of economics are universal: the fact that in some countries
there is so much less inequality and so much more equality of oppor-
tunity, the fact that in some countries inequality is not increasing — it is
actually decreasing — is not because they have different laws of econom-
ics. France and Norway are examples of OECD countries that have
managed by and large to resist the trend of increasing inequality; Brazil
and several other Latin American countries have actually managed to
reduce the level of inequality, albeit from a very high level. The Scan-
dinavian countries have a much higher level of equality of opportunity,
regardless of how that is assessed. The European countries with public
health care systems succeed much better in achieving equality of health
outcomes.

Every aspect of our economic, legal, and social frameworks helps shape
inequality: from the education system and how it is financed, to the
health system, to tax laws, to our governing of bankruptcy, corporate

"' Some caution should be exercised in comparing different countries’ Gini coeffi-
cients: in addition to the well-known flaws in the measure, different databases have used
slightly different methodologies or income data to arrive at their respective figures, and
thus figures are different depending on the data source. Nevertheless, many difterent
studies confirm these broad trends.

12 See Organisation of Economic Co-operation and Development, 2011, Divided We
Stand, OECD Publishing, available at http://www.oecd.org/social/soc/dividedwestand-
whyinequalitykeepsrising.htm
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governance, the functioning of our financial system, to our anti-trust
laws. In virtually every domain, the United States, for instance, has made
decisions that help enrich the top at the expense of the rest.

2. The second observation entails looking at the current levels of inequal-
ity in a historical context. While I have emphasized the growth of in-
equality in the last third of a century, Thomas Piketty in his recent book
notes that the preceding four decades should perhaps be viewed as an
historical anomaly: we are returning to the high levels of inequality that
prevailed in the 19" century and in the 20™ in the years before the Great
Depression. Piketty concludes that inequality is likely to get worse. |
will comment on this forecast later. But his analysis has some profound
implications: it means that Kuznets’s optimism that increasing inequality
in the initial process of development gives way to a decrease (an idea
referred to as the Kuznets curve),'"* may well be wrong. Countries
should not accept increasing inequality today, in the blind faith that it
will eventually be reversed.

3. The third observation is that much of the inequality at the top cannot be
justified as “‘just deserts” for the large contributions that these individuals

3Thomas Piketty, 2014, Capital in the Tiventy-First Century, Cambridge, Massachusetts:
The Belknap Press of Harvard University Press. He notes, that there are policies — namely
global capital taxation — that might prevent the ever increasing level of wealth inequality.
As I note below (and have discussed more fully in Joseph E. Stiglitz, 2012, The Price of
Inequality: How Today’s Divided Society Endangers Our Future, New York: W.W. Norton)
there are many policy reforms that will reduce inequality, and many of these reforms
would actually improve economic performance.

Many vyears earlier, I had analyzed the long run evolution of wealth inequality in the
economy, showing that there was, in fact, some presumption that the economy would con-
verge towards an equilibrium wealth distribution (rather than that there would be ever
more increasing inequality of wealth). Changes in the structure of the economy would, of
course, shift the equilibrium wealth distribution. I identified some of the key parameters,
changes in which could lead to an increase in wealth inequality. See J.E. Stiglitz, 1969,*Dis-
tribution of Income and Wealth Among Individuals”, Econometrica, 37(3): 382-397. (Pre-
sented at the December 1966 meetings of the Econometric Society, San Francisco).

For an update and elaboration on these issues, see J.E. Stiglitz, “Distribution of In-
come and Wealth Among Individuals: Theoretical Perspectives”, paper presented to
‘World Bank/International Economic Association Roundtable, Dead Sea, Jordan, June
11,2014.

* Simon Kuznets, 1955,“Economic Growth and Income Inequality”, American Eco-
nomic Review 45(1): 1-28.
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have made. If we look at those at the top, they are not those who have
made the major innovations that have transformed our economies and
societies; they are not the discoverers of DNA, the laser, the transistor; not
the brilliant individuals who made the discoveries without which we
would not have had the modern computer. Disproportionately, they are
those who have excelled in rent seeking, in wealth appropriation, in fig-
uring out how to get a larger share of the nation’s pie, rather than en-
hancing the size of that pie. (Such rent seeking activity typically actually
results in the size of the economic pie shrinking from what it otherwise
would be). Among the most notable of these are, of course, those in the
financial sector, some of whom made their wealth by market manipula-
tion, by engaging in abusive credit card practices, predatory lending, mov-
ing money from the bottom and middle of the income pyramid to the
top. So too, a monopolist makes his money by contracting output from
what it otherwise would be, not by expanding it.

The inaptness of the “just deserts” argument was shown by the Great
Recession, a recession which in no small measure was caused by the fi-
nancial sector, which itself is responsible for so much of the inequality
today. Even as they were bringing their firms and the global economy
to the brink of ruin, the managers of these firms walked off with mul-
timillion dollar bonuses.

The notion that large fractions of today’s inequality are associated with
rent seeking is supported by a look at the composition of the wealthiest
and top income earners. But there is additional evidence. Three striking
aspects of the evolution of the American economy (and the economies
of other wealthy countries) in the last 35 years are (a) the increase in
the wealth-to-income ratio; (b) the stagnation of median wages; and (c)
the failure of the return to capital to decline. Standard neoclassical the-
ories, in which “wealth” is equated with “capital”, would suggest that
the increase in capital should be associated with a decline in the return
to capital and an increase in wages. The failure of wages to increase has
been attributed by some (especially in the 1990s) to skill-biased tech-
nological change, which increased the premium put by the market on
skills. Hence, those with skills saw their wages rise, and those without
skills saw them fall. But recent years have seen a decline in the wages
paid even to skilled workers. Something else must be going on. While
in production functions with multiple inputs (say multiple kinds of
labor), an increase in capital does not necessarily increase the wages of
each type of labor (capital and unskilled labor can be substitutes rather
than complements), if the production function exhibits constant returns
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to scale (a standard assumption in neoclassical theory), then the average
wage must increase.' This does not seem to be happening.

There are two alternative explanations. The first is that rents are increas-
ing (the fraction of income that is appropriated by monopolists and by
other forms of exploitation). These rents are captured by (large) owners
of capital, and since they are, at least in part, marketable, the present dis-
counted value of these rents themselves become part of “wealth”. But
an increase in this form of wealth does not lead to an increase in the
productivity of the economy — or to an increase in the average wage of
workers; to the contrary, it reduces the amounts received.

The second is that there may be other assets — like land — that can in-
crease in value. These assets may not be very directly related to the pro-
duction of goods and services,'® and indeed, with more wealth invested
in these assets, there may be less invested in real productive capital. (A
disproportionate part of America’s savings in the years before the crisis
went into the purchase of housing, which did not increase the produc-
tivity of the “real” sectors of the economy).

Monetary policies that lead to low interest rates can increase the present
value of these fixed assets — an increase in the value of wealth that is
unaccompanied by any increase in the flow of goods and services. By
the same token, a bubble can lead to an increase in wealth — for an ex-
tended period of time — again with possibly adverse effects on the stock
of “real” capital. Indeed, it 1s easy for capitalist economies to generate
such bubbles (a fact that should be obvious from the historical record,”
but which has been confirmed in theoretical models).'® There has been
a “correction” in the housing bubble (and in the underlying price of
land); but we should not be confident that there has been a full correc-
tion. We still may be on a “bubble” trajectory.

15 Assume a constant returns to scale production function with two types of labor,
Lyand L,. Then F L, + F;,L, + FgK= Eso FyxL1 + F Lo+ FigK= 0, from which it
follows immediately that the average wage must increase when capital is increased.

1 Though they may be reflected in GDP, and may be related in particular to the
value of housing services.

7 See Carmen Reinhardt and Kenneth Rogoft, 2009, This Time Is Different: Eight
Centuries of Financial Folly, Princeton, NJ: Princeton University Press.

1% See, for instance, Karl Shell and Joseph E. Stiglitz, 1967, Allocation of Investment
in a Dynamic Economy,” Quarterly Journal of Economics, 81: 592-609, and Frank Hahn,
1966, “Equilibrium Dynamics with Heterogeneous Capital Goods”, Quarterly Journal of
Economics 80: 633—46.
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Still another piece of evidence supporting the importance of rent-seek-
ing 1s that showing that increases in taxes at the very top do not result
in decreases in growth rates. If these incomes were a result of their efforts,
we might have expected those at the top to respond by working less
hard, with adverse effects on GDP."*

Piketty’s recent research has emphasized a difterent aspect of the “just
deserts” argument: the increasing fraction of inequality arising from in-
heritance.

4. The idea that one shouldn’t worry about inequality — because everyone

will benefit as money trickles down — has been thoroughly discredited.
In some ways, it would be nice if it were true, because it would mean
that the average American would be doing very well today, since the
country has been thrown so much money at the top. But the statistics
show that trickle-down is a fallacy: while the top has been doing very
well, the rest has been stagnating.
In the absence of a change in the degree of inequality, if mean income
(GDP) increases, everyone can benefit. But I emphasized above that
there has been a large increase in inequality, and this gives rise to an in-
creasing disparity between the mean and the median, between what is
happening on average, and what is happening to the typical individual.
Those at the very top, in the 1% or the .1%, can see their income in-
crease; while incomes for the bottom 99% (or the bottom 99.9%) can
actually decrease. That is what has been happening. An economic system
that only delivers for the very top is a failed economic system. If the
failures were of a short duration, that would be one thing. But they have
been persistent — and there is no evidence of a turnaround.

5. Some go further: it is not just that everyone will benefit from trickle-
down, but inequality is actually necessary for growth. One of the popular
misconceptions is that those at the top are the job creators; and giving
more money to them will thus create more jobs — and indeed this is the
only way by which jobs can be created. This view, I believe, is fundamen-
tally wrong: America and other countries are full of creative entrepre-
neurial people throughout the income distribution. What creates jobs 1s
demand: when there is demand, firms (especially if the financial system
could be made work in the way it should, providing credit to small and
medium-sized enterprises) will create the jobs to satisty that demand. But

' Thomas Piketty, Emmanuel Saez, and Stefanie Stantcheva, 2011,“Optimal Taxation of
Top Labor Incomes: A Tale of Three Elasticities”, American Economic Journal 6(1): 230-271.
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in the United States, for example, the distorted tax system provides in-
centives for those at the top to destroy jobs by moving them abroad.

6. In contrast to those who believe that inequality is necessary for good
economic performance, recent research has shown that inequality — when
it gets to the level that characterizes the US and some other countries
and when it is generated in the manner that it is created in the US and
some other countries — is bad for growth, stability, and economic effi-
ciency. This was the central thrust of my book The Price of Inequality, where
I argued that inequality was not just a moral issue, but an economic one
— we were paying a high price for our inequality. This view has now be-
come mainstream, and the IMF has produced research supporting it, and
endorsed it. Thus, the IMF finds that countries with greater inequality
tend to be marked by lower growth and greater instability.?

Economists used to think of there being a trade-oft: we could achieve
more equality, but only at the expense of giving up on overall economic
performance. Now we realize that, especially given the extremes of in-
equality achieved in the United States and the manner in which in-
equality is generated, greater equality and improved economic
performance are complements. By the same token, one of the reasons for
the poor economic performance in many countries in recent years is
the high and growing level of inequality.

This is especially true if we focus on appropriate measures of growth. If
we use the wrong metrics, we will strive for the wrong things. Economic
growth as measured by GDP is not enough — there is a growing global
consensus that GDP does not provide a good measure of overall eco-
nomic performance. What matters is whether growth is sustainable, and
whether most citizens see their living standards rising year after year. This
is the central message of the International Commission on the Measure-
ment of Economic Performance and Social Progress, which I chaired.?
Economists and policymakers need to focus not on what is happening

% Andrew Berg and Jonathan Ostry, 2011, “Inequality and unsustainable Growth: Two
Sides of the Same Coin?” IMF Staff Discussion Note No. 11/08, April, International Mon-
etary Fund. See also IME “Fiscal Policy and Income Inequality”, Policy Paper, January 23,
2014, available at http://www.imf.org/external/np/pp/eng/2014/012314.pdf

2l The Committee’s report was released in 2009, and published as Joseph Stiglitz,
Amartya Sen, and Jean-Paul Fitoussi, 2010, Mismeasuring Our Lives, New York: The New
Press. The Organisation for Economic Co-operation and Development (OECD) has
since continued work in this vein with it Better Life Initiative (http://www.oecd.org/
statistics/betterlifeinitiativemeasuringwell-beingandprogress.htm) and its High Level Ex-
pert Group on the measurement of economic and social progress, convened in 2013.
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on average, or to those at the top, but how the economy is performing
for the typical citizen, reflected for instance in median income. We value
opportunity directly, not just for the benefits which it might bring to
conventionally measured GDP. And as inequality increases, so does in-
security. Everyone, even those higher up the rungs in the ladder, worry
about slipping down: they know the consequences. Once this is taken
into account, the surge in inequality looks every worse.

7. One of the reasons that inequality is bad for economic performance is
that this growing inequality is weakening demand. The reason that in-
equality leads to weak demand is easy to understand: those at the bottom
spend a larger fraction of their income (they need to, just to get by)
than those at the top.

The problem of weak demand is compounded by the flawed responses
to this weak demand by monetary authorities, by lowering interest rates,
which can easily give rise to a bubble, the bursting of which leads in turn
to recessions. This indeed describes what has happened in recent years.
(This 1s not the only possible response: fiscal authorities could lower
taxes on say the middle class, or increase government investments in in-
frastructure, technology and education. But the Bush administration
took exactly the opposite strategy — lowering taxes on the rich. These
responses are perhaps not a surprise: as I emphasize below, economic
inequality translates into political inequality, and those at the top have
a tendency to seek their own advantage).

8. There are still other reasons that inequality is bad for the economy and
growth. One of the reasons is that today, inequality is associated with
rent seeking, and rent seeking distorts the economy. Another is the ob-
servation made earlier that inequality of outcomes is associated with in-
equality of opportunity, and that means that those unfortunate enough
to be born at the bottom of the income distribution are at great risk of
not living up to their potential. We thus pay a price not only in terms
of a weak economy today, but lower growth in the future. With nearly
one in four American children growing up in poverty,” many of whom
face a lack of access to adequate nutrition and education, the country’s
long-term prospects are being put into jeopardy.

22 See http://www.childstats.gov/americaschildren/ecola.asp (accessed March 30,
2014).
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A third is related to the corrosive eftect of inequality on morale, espe-
cially when it cannot be well-justified (and as I have noted, the inequal-
ity evidenced in the United States and elsewhere cannot be justified).
There is a widespread understanding of the adverse eftects of corruption
on morale, societal solidarity, and the functioning of the economy. But
increasingly, inequality in the US is viewed as unfair, arising out of a cor-
rupt political and economic system.

Still two further reasons are related to the political economy of inequal-
ity: societies with greater inequality are less likely to make investments
in the common good, in say public transportation, infrastructure, tech-
nology, and education. The rich don’t need these public facilities, and
they worry that a strong government which could increase the effi-
ciency of the economy might at the same time use its powers to redis-
tribute. Moreover, with so many at the top making their money from
financial market shenanigans and rent-seeking, we wind up with tax
and other economic policies that encourage these kinds of activities
rather than more productive activities. When we tax speculators at less
than half the rate that we tax workers, and when we give speculative
derivatives priority in bankruptcy over workers, and when we have tax
laws that encourage job creation abroad rather than at home, we wind
up with a weaker and more unstable economy.

9. The ninth observation is that the weaknesses in the economy (partly
caused by the high levels of inequality) have important budgetary im-
plications. Deficits have become a central focus of policymakers in many
countries. But worries about the deficit are exacerbating the real in-
equalities in our society; it is those at the bottom and middle that sufter
the most from government cutbacks in expenditures.

The budget deficits of recent years are a result of the weak economy,
not the other way around. If we had more robust growth, the budgetary
situation would be far improved. That’s why investments in decreasing
inequality and increasing equality of opportunity make sense not only
for the economy, but for the budget. When we invest in our children,
the asset side of our country’s balance sheet goes up, even more than
the liability side: any business would see that its net worth is increased.
In the long run, even looking narrowly at the liability side of the balance
sheet, it will be improved, as these young people earn higher incomes
and contribute more to the tax base. But if we look at these issues the
wrong way, the budgetary weaknesses will lead to cutbacks in public
investments — including those that help ameliorate inequality — and we
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reinforce the vicious circle, with lower investment in the public sector
(including education) leading to a weaker economy and more inequal-
ity, and leading in turn to still lower investments and growth.

10. Countries also pay a high price for this inequality in terms of their
democracy and the nature of their societies. A divided society is difterent
— it doesn’t function as well. Democracy is undermined, as economic in-
equality inevitably translates into political inequality. I describe in my
book how the outcomes of America’s politics are increasingly better de-
scribed as the result of a system not of one person, one vote but of one dollar,
one vote.” And just as we described earlier how the rules of the economic
game affect the outcomes, so too in the realm of politics: with the rich
having more and more influence, they write the rules of the political
game to give them more power and influence, which means economic
inequality gets even more translated into political inequality, and the po-
litical inequality gets translated into ever more economic inequality, in a
vicious circle. The same process is occurring in other countries where the
wealth and income have become stubbornly concentrated.

11. There are further adverse eftects of this economic/political inequality as
we view societal well-being from the broader perspective that I argued
for earlier. Special interests have incentives and scope to shape our society
—in their interests. Even when most citizens care about the environment,
they see actions to protect the environment as costing them profits, and
they use their economic and political power resist such actions. This has
proved to be a major impediment to dealing with the challenges of global
warming. But as I comment on more extensively in the second part of
this paper, the costs of failing to deal with climate change and other en-
vironmental hazards are borne disproportionately by the poor.

12. With extreme inequality, the nature of society changes in fundamental
ways. Those at the top come to believe that they are entitled to what
they have. And this can lead to behaviors which themselves undermine
the cohesiveness of society. Those excluded from prosperity begin to
expect the worst from their governments and leaders. Trust is eroded,
along with civic engagement and a sense of common purpose.

* Joseph E. Stiglitz, 2012, The Price of Inequality: How Today’s Divided Society Endangers
Our Future, Op cit.
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13. For those who believe we would have a better world were more coun-
tries to become committed to market economies with democracy, there
are further adverse eftects: Will other countries want to emulate an eco-
nomic system in which most individuals’ incomes are simply stagnating?
A political system which seems to be captured by the wealthy?

14. In this paper, I have emphasized the economic, social, and political costs
of the growing inequality and diminishing equality of opportunity that
has afflicted so many countries. But in viewing inequality this way, I do
not want to diminish the moral argument. The moral argument should
reinforce the commitment to reduce inequality. We should, I believe,
have been willing to reduce inequality — especially reduce the high lev-
els of poverty that seem endemic even in rich countries — even if there
were a price for doing so, even if overall economic performance, as
measured by GDP, were weakened as a result. But the fact 1s, as I have
stressed, that we could actually get better economic performance with
less inequality.

A way out from inequality

The fact that inequality is created by policies — it is not the ineluctable
result of economic forces — means there is a glimmer of hope. Policy created
the problem, and it can help get us out of it. There are policies that could
reduce the extremes of inequality and increase opportunity — enabling our
countries to live up to the values to which they aspire. There is no magic
bullet, but there are a host of policies that would make a difterence. In the
last chapter of my book, The Price of Inequality, I outline 21 such policies,
affecting both the distribution of income before taxes and transfers and after.

There is a strong need macroeconomic policies that maintain economic
stability and full employment. Nothing is worse for those at the bottom
and the middle than a higher level of unemployment. Today, workers are
suffering thrice over: from high unemployment, weak wages, and cutbacks
in public services, as government revenues are less than they would be were
our economies functioning well. (Central bank policies focusing on infla-
tion have almost surely been one of the factors contributing to the growing
inequality).

Policymakers must make it a priority to move more people out of
poverty, strengthen the middle class, and curb the excesses at the top. Most
of the policies are familiar: more support for education, including pre-
school; increasing the minimum wage; strengthening the earned-income
tax credit; giving more voice to workers in the workplace, including

392 | Sustainable Humanity, Sustainable Nature: Our Responsibility



THE PRICE OF INEQUALITY: HOW TODAY’S DIVIDED SOCIETY ENDANGERS OUR FUTURE

through unions; more effective enforcement of anti-discrimination laws;
better corporate governance, to curb the abuses of CEO pay; better financial
sector regulations, to curb not just market manipulation and excessive spec-
ulative activity, but also predatory lending and abusive credit card practices;
better anti-trust laws, and better enforcement of the laws we have; and a
fairer tax system — one that does not reward speculators or those that take
advantage of oft-shore tax havens with tax rates lower than honest Ameri-
cans who work for a living.

If we are to avoid the creation of a new plutocracy in our countries, we
have to retain a good system of inheritance and estate taxation, and ensure
that it 1s eftectively enforced. We need to make sure that everyone who has
the potential to go to college can do so, no matter what the income of his
parents — and to do so without undertaking crushing loans.

Again, the United States provides numerous examples of the path to avoid.
It stands out among advanced countries not only in its level of inequality, but
also in its treatment of student loans in bankruptcy proceedings. A rich person
borrowing to buy a yacht can get a fresh start, and have his loans forgiven;
not so for a poor student striving to get ahead. A contingent loan program of
the kind employed by Australia shows that there are alternatives — ways which
provide access to all who can benefit from a college education without im-
posing the risks of hardship that the United States does.

In the United States, the special provisions for capital gains and dividends
not only distort the economy, but, with the vast majority of the benefits
going to the very top, increase inequality — at the same time that they im-
pose enormous budgetary costs: $2 trillion dollars over the next ten years,
according to the Congressional Budget Office.>* While the elimination of
the special provisions for capital gains and dividends is the most obvious
reform in the tax code that would improve inequality and raise substantial
amounts of revenues, there are many others that I have discussed elsewhere.?
In the past, when the United States reached these extremes of inequality, at

> See Congressional Budget Office, 2013, The Distribution of Major Tax Expenditures
in the Individual Income Tax System, May, p. 31, available at http://cbo.gov/sites/default/
files/cbofiles/attachments/ TaxExpenditures_One-Column.pdf (accessed March 28,
2014). This figure includes the effects of the “step-up of basis at death” provision, which
reduces the taxes that heirs pay on capital gains. Not including this provision, the ten-year
budgetary cost of preferential treatment for capital gains and dividends is $1.34 trillion.

* See Joseph E. Stiglitz, “Reforming Taxation to Promote Growth and Equity”,
Roosevelt Institute working paper available at http://www.rooseveltinstitute.org/re-
forming-taxation-promote-growth-and-equity
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the end of the 19 century, in the gilded age, or in the Roaring 20s, it pulled
back from the brink. It enacted policies and programs that provided hope
that the American dream could return to being a reality.

Other countries have done likewise: Brazil, torn by even greater inequal-
ity than the United States, has shown how concerted policies focusing on
education and children can bring down inequality within the span of less
than two decades.

We are now at one of these pivotal points in history. We must hope that
the citizens of the world will make the right decisions.

Il. Inequality and the environment

There is a two-way relationship between inequality and the environ-
ment, and the complex relationships between inequality and the environ-
ment play out both at the local (national) and global levels.

The poor are often more dependent on the natural environment than the
rich, and thus environmental degradation, including climate change, has par-
ticularly adverse effects on them. Many in developing countries are dependent
on common resources, such as local forests and ground water. Their very sur-
vival may be at stake when there is degradation of these resources. In both
developing and developed countries, the poor are more likely to live in areas
where they are exposed to higher levels of pollution and toxicity.

Indeed, not only does environmental degradation affect the poor, it cre-
ates poverty. Farmers who might otherwise have eked out a living above
the poverty threshold can no longer do so. Those who live surrounded by
pollution and toxicity and likely to be less healthy. They will perform more
poorly at school, and their lifetime productivity will be lower.

While it is gradually being recognized that a rich country with a tem-
perate climate, like the United States, will be very seriously hurt by climate
change, it is the poor in poor countries especially in the tropics that are
likely to suffer the most. They disproportionately work in agriculture,
which will be hurt both by global warming and climate variability. It is
likely that there will be more serious consequences for health. They are
more likely to be buffeted by extreme events like typhoons and floods,
likely to sufter greater relative losses of wealth, and less likely to be able to
protect themselves either physically or materially. They have less access to
insurance to compensate them for the loss of property, and have less savings
with which they can self-insure and recover. They live in countries with
poor disaster management and social protection systems. Many (such as
millions in Bangladesh) live in low-lying areas that will be inundated with
the rise of sea levels.
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But poverty can also contribute to environmental degradation. Because
they are too poor to afford an efficient cookstove, too poor to buy kerosene,
they turn to surrounding forests, leading to increasing deforestation.

At a global level, the poor imitate the materialistic life styles of the rich.
This is true both within countries and across countries. Those in the emerg-
ing markets aspire to have life styles as similar as possible to those of the ad-
vanced countries, and especially the United States. But if even one such
large country, such as China, were to follow America’s lifestyle, there is a
very high risk that our planet will not survive.

Some have argued that any attack on climate change (reducing green-
house gas emissions) though in the long run might benefit the poor, in the
short run would have adverse eftects. There is, they suggest, a trade-oft be-
tween social justice today and sustainability, between equity within a gener-
ation and across generations. What I have said so far (as well as discussions
elsewhere during this conference) has suggested that that is not necessarily
the case; the two can be complementary. Providing efficient cookstoves to
the poor and connecting them to the electric grid would improve their
health, their standard of living, and simultaneously reduce greenhouse gases
(including emissions other than of carbon dioxide).* More broadly, poverty
in many developing countries today leads to increased deforestation, with
adverse eftects on carbon sequestration.

Similarly, in developed countries today, an attack against climate change
would yield benefits today as well as for the future. Forcing firms and house-
holds to pay for the social costs associated with carbon emissions would
lead to a retrofitting of the economy — with large investments that would
create jobs, restoring the economy towards full employment. The installa-
tion, for instance, of solar panels would give rise to large employment of
construction workers, who currently face high levels of unemployment in
many countries. Reducing unemployment would not only be of direct ben-
efit to those suffering from lack of income (especially important in the US,

% See Veerabhadran Ramanathan, 2014, The two worlds we inhabit: The Top 4 billion
and the The Top 4 Billion (T4B) and the Bottom 3 Billion (B3B), Pontifical Academy of
Social Sciences; also see Comments by Joseph E. Stiglitz on Climate Change, Cook Stoves,
and Coughs and Colds in Environment and Development Economics

Essays in Honour of Sir Partha Dasgupta, Ed. Scott Barrett, Karl-Goran Maler, and Eric
S. Maskin. Oxford University Press, 2014. I note there that the provision of cookstoves
may also promote gender equity, since the burden of gathering wood is borne in most
traditional societies by women, and women are more exposed to the health hazards aris-
ing from traditional cooking methods.
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with its poor system of social protection), but would reduce the downward
pressure on wages arising from unemployment. The restoration of growth
to the economy would provide government with additional revenues, so
that some of the cutbacks of public service that have been so costly to the
poor would be reduced.

But the potential conflict between the two raises important issues of social
justice and global fairness, which could play out in important ways in the
attempt to reach a global agreement on climate change. Whenever there
are important externalities — and climate change entails an externality of
first order importance — it is possible to achieve a Pareto improvement.
There are a set of “deals”, payments from some parties to others, accompa-
nied by a reduction in greenhouse gas emissions, such that everyone is better
off than in the current, business as usual, scenario. Unfortunately, however,
since it 1s the poor countries that are likely to be hurt most and the rich
countries that do the most polluting, the compensations required would
entail the poor countries bribing the rich countries not to pollute. That is
politically unacceptable for most developing countries, and understandably
so. It seems patently unjust.

One way of thinking about what is “fair” is to think of the atmosphere
as having a certain capacity for carbon — beyond a critical level, an unac-
ceptable level of climate change will result. In a sense, the international com-
munity has agreed to this perspective: in Copenhagen, they resolved not to
allow atmospheric concentrations that would result in an increase in climate
of more than 2 degrees Celsius. We can translate that into how much carbon
can be added to the atmosphere. Then the question becomes how the rights
to add that limited amount of carbon to the atmosphere should be divided.
A natural principle suggests itself: allocating rights in proportion to popula-
tion (as of the time that the problem was globally recognized, i.e. 1992). One
might argue that principles of social justice would entail giving more rights
to those who are poor, i.e. that these rights should be allocated progressively.
(Giving rights is really equivalent to giving money). In this perspective, al-
locating (total) emission rights on a per capita basis is socially unjust.”

In effect, however, the US and some other developed countries are ar-
guing for a regressive allocation —giving rights in part on the basis of past
emission levels (allocation systems which require difterent countries to re-

* Note that many in the developing world would even view the criterion suggested
above, with an allocation of the carbon capacity of the atmosphere according to per
capita population in 1992 as unjust, for it gives a “free ride” to the advanced countries
for all their carbon emissions prior to 1992.
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duce emission levels from 1992 levels by the same percentage allow those
who were polluting more the right to continue to pollute more).

The allocation of “carbon space” perspective has one important impli-
cation going forward: since the United States (and some other advanced
countries) failed to curb their emissions after 1992, they have already used
up most of the carbon space allocated to them. Fairness, then, requires them
to move quickly to zero emissions.

There is a wealth of evidence (including from laboratory experiments)
on the importance people attach to fairness.”® They would rather accept an
allocation that leaves them worse oft, than one that they view as excessively
unfair. The implications for reaching a global agreement on climate change
are daunting: while there is a Pareto improving agreement (one which
makes all countries better off than they would be in the business-as-usual
scenario), such agreements would appear to be patently unfair to most of
those in the developing world. Some would, as we suggested, entail the
poor countries transferring money to the rich countries — contravening
principles widely accepted in virtually all countries, that polluters should
pay, 1.e. should bear not only the cost of reducing their pollution, but also
the costs they impose on others. Others would give the rich countries a
disproportionate share of the world’s carbon space, allocating to the rich a
disproportionate share of a scarce resource. It will be difficult to get poor
countries to accept such measures. At the same time, so far, leaders in the
advanced countries have done little to convince their citizens that there is
a moral case (as opposed to self-interested case) for reaching a fair agreement
with developing countries. (Undoubtedly, this is in part a result of the in-
fluence of the special corporate interests in the politics of many Western
democracies, and especially the United States). We have created institutional
structures which are seemingly designed to constrain use of the moral cal-
culus in making important social decisions, by having decision structures
in which amoral institutions (corporations) play pivotal roles. Individuals
working for such institutions are instructed to care primarily (or only) about
the well-being of, say, their shareholders; to do otherwise would a derelic-
tion of their duties to others, an action which might even be labeled as im-
moral. In so doing, they seem released from the broader moral obligation
of thinking more broadly about the consequences of their actions, and in

# See for example See Werner Giith, Rolf Schmittberger, and Bernd Schwarze,“An
Experimental Analysis of Ultimatum Bargaining”, Journal of Economic Behavior and Or-
ganization 3 (December 1982): 367-88.
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particular, the consequences for their actions on the poor. And under such
institutional arrangements, arriving at a global agreement will be difficult.

There is an alternative approach which reframes what needs to be done,
and outlines a common set of principles which would receive wide assent,
such as the “polluter pays principle”, the principle that those who pollute
should pay for the cost of reducing their pollution and the damage that is
done by their pollution; the “right to development”, the principle that says
that any new obligation put on developing country should not impede their
basic right to develop; if there are substantial costs imposed on less devel-
oping countries, those costs should be borne by the developed countries.

Rather than focusing on how to allocate a scarce resource (the carbon
carrying capacity of the atmosphere), we should focus on what needs to be
done to achieve a common purpose — the common purpose of reducing
carbon emissions. This includes eliminating old coal burning generators,
not installing new ones (without carbon storage), requiring all cars to be
emissions efficient, etc. It should go so far as agreeing on the imposition of
a carbon price, with the revenues generated retained within the country.
There may be difterential net costs/benefits from the imposition of such a
tax, but the differences are likely to be small. The deadweight (inefficiency)
loss associated with the imposition of any tax is called its “Harberger trian-
gle” and 1s typically a very small number, usually of the order of magnitude
of 3 to 10% of the revenues raised. Moving from taxing labor or savings to
taxing carbon will thus result in a net distortionary cost which is the dif-
ference between these two small numbers; and the difference between the
dead weight losses among countries is the difference in these differences
across countries. Most countries are likely to gain — though special interests
within their countries are likely to lose. Nonetheless, it would be appro-
priate for rich countries to help facilitate the transition of the poor coun-
tries, using perhaps some of the net gain in welfare which arises from
shifting to the more efficient taxation of pollution.?

It has been more than a quarter century since the risks of climate change
have been recognized. Climate change is a quintessential global public good
— a problem that can only be address through collective action at the global
level. If the world consisted of identical individuals, the problem would be

* Some of the ideas in this section are elaborated in Stiglitz, 2006, Making Global-
ization Work, New York: W.W. Norton, and in Stiglitz, 2013, “Sharing the Burden of
Saving the Planet: Global Social Justice for Sustainable Development”, in Mary Kaldor
and Joseph E. Stiglitz, eds., The Quest for Security: Protection without Protectionism and the
Challenge of Global Governance, New York: Columbia University Press, pp. 161-190.
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easy to solve: that individual would realize the destructive effect of his be-
havior and the carbon emissions leading to climate change would be
curbed. But there are very large distributive consequences: some gain from
the current arrangements. It is by and large the rich that gain, and the poor
that suffer. Climate change may become an increasingly important force
contributing to global inequality.

And yet, the high level of global inequality today — with powerful cor-
porate interests blocking actions which would be in the common interest
of global society — means that reaching a global agreement for reducing
carbon emissions is proving extraordinarily difficult, even though the
broader societal benefits are becoming increasing clear. We have suggested
some alternative approaches that might at least move us in the right direc-
tion faster than we have been moving recently.
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What is at stake?

1.We should inquire how the different cultures of humanity relate to nature.
Cultures shape human minds and give us an insight into humanity’s readiness
or not to accept changing its attitude in dealing with its natural environment.
The purpose of our joint session is precisely to allow natural and social
scientists to interact on the question of the interchanges between Human-
ity and Nature. So many conferences and symposiums have been dedicated
to that issue, yet mainly with a descriptive and analytical approach. The
perspective obviously affects not only social planners; it already has a pro-
found impact on the daily living conditions of millions of people who
have no proper access to water, food, shelter, healthy air and a future for
their children.

Issues include concern for demographic growth, the economic unbal-
ance between advanced industrial countries and less developed countries,
the destruction of environmental capital resources. Resources are becom-
ing exhausted, climate is changing; pollution devastates large cities; oceans
are dying; population is increasing; nations close themselves in search of
identity; globalisation progresses promising benefits yet arousing fears. In-
ternational conventions try to rally governments to take preventive meas-
ures. Yet only one development model prevails.

The western development model relies on the assumption of an unlim-
ited capacity of nature. It has exported worldwide its modes of exploitation
and devastation of whatever the earth can produce. But other cultures also
have little consideration for the precariousness of nature’s resources.

As long as nature appeared as a huge inexhaustible reservoir, it could
be exploited without fear. Now we have enough evidence that we cannot
continue with the same scheme. Nature’s resources are limited, some are
renewable, and some are coming to an end.

2. Among scholars there are large areas of consensus with respect to de-

cisions which have to be taken on a global scale. But these decisions are
necessarily political. They involve all cultures and political systems, peoples
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who are more or less informed about the real situation, more or less keen
to abandon their dream to have a quick share in the richness of the North.

Three ecologic schools try to win adherents throughout the world, with
the help of the media and the standardisation of human minds.

- The first one 1s shared by the political ecological movements for the
moment. Environmental ecology still considers that humanity cannot
live except in harmony with nature, even if nature plays the leading role
in dictating its terms to humanity.

- The next is utilitarian ecology which denies any distinction between
human life and animal life. All are sensate beings and want to avoid or
at least lessen suffering. Well-being is seen as the absence of suffering
whether physical or moral. Euthanasia is accepted as a means to promote
well-being. Animals have as many rights as human to exist.

- The third class is deep ecology which maintains that nature has rights
and humans have duties. The biosphere is the all-encompassing reality
which prevails over all its components. In the biosphere the only danger
is man as a predator both for other species and for nature. Nature is a
subject. In order to let life develop freely, some in the vanguard even
suggest that humanity should not exceed half a billion people.

Faced with the growing damage imposed by human action upon Nature,
this new holistic ideology has set its objective: restore the autonomy of Na-
ture by eliminating human impact on it.

This ideology has made room for a new kind of religion. The earth
should be considered as a living entity — called Gaia. Gaia breathes and
thinks through the humanity it has begotten. Through the Internet a com-
mon way of thinking is emerging that will impose itself, and Gaia will pre-
vail over its adversaries. At the Earth Summit of Rio, as early as 1992, this
new religion found proselytisers with the clear objective to supplant a
Christianity that they accused of all sorts of evils.

A correct concept of nature

Something must change in our relationship with nature. After the analy-
sis of the crisis, the time for action arrives. And action is ethical. It calls for
responsibility, objectives, and convictions.

If we do not deliver a message of hope in some precise directions, our
work will be useless. The new ideologies claim that the Jewish-Christian
paradigm of Genesis (“go and subdue all creation”) is responsible for the
devastation of the earth. Nothing is more false than such an assertion. Our
Academy has dedicated one of its first sessions to Work. I had the opportu-
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nity in that session to develop the meaning of work in the Bible and in the
understanding of millions of people on earth.

The specific task of this Joint Meeting is to work out the relationship
between Humanity and Nature. In this endeavour, the Social Doctrine of
the Church (SDC) has a particular contribution to offer. The SDC offers a
challenge both to the irresponsible devastation of Nature and to mistreating
Humanity as a definite enemy of Nature. The SDC considers Humanity as
the centre and the aim of the whole creation. Nature has been entrusted to
Humanity like a garden to be cultivated with care, not for the use or misuse
of a few, but in order to share its fruits with all for a decent life on earth.

Yet Humanity and Nature are not on the same level. Humanity is the
subject. Nature is the object to take care of. It is the responsibility of Hu-
manity to keep Nature “sustainable”. Devastation of Nature and exploita-
tion of its resources have been performed by Humanity. Humanity has to
be aware of the disastrous result of years of uncontrolled devastation of Na-
ture. Now the time has come to change the paradigm.

Most contributions from PAS belong to the first step to be performed:
becoming aware of the present situation and working out perspectives for
the coming years. But this first step has to be completed by another one:
which lever can we reasonably resort to in order to provoke a new orien-
tation in the way Humanity deals with Nature.

Human behavior resorts to mental paradigms. The relationship of hu-
manity with nature will never result from communication campaigns, schol-
arly evidence, and political options. It asks for deeper mental representations
and implicit evidence. Some of these deeply based representations may have
little objective connection with the huge problems at stake. Some may help
in understanding the challenge. In the Jewish-Christian tradition, there is
one fundamental belief which governs the others. The world of nature is
the creation of God who is not nature. The distinction between Creator
and creation is basic.

All that exists proceeds from God’s will, the physical, animal and human
world. So in dealing with the relationship between humans and nature there
appears a third element in play which changes the deal. If God is God, all
humans and all creatures proceed from him. Creation or nature is what God
entrusted to human beings. And human beings consider themselves as re-
lated to the same origin. From this derives a common feeling of fundamen-
tal equality between all these human beings, and a common responsibility
towards this creation entrusted to them.

Where there is no reference to any transcendental Being, or to any com-
mon ultimate horizon of meaning, I doubt we could find among humans
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the deep and unquestionable feeling that something has to be undertaken
in common in order to save the future of our environment.

The awareness that God is a common Father of all humans and that na-
ture must not be spoilt for the benefit of few, but should rather provide re-
sources for all is grounded in deep religious paradigms that you will never
be able to replace with reasoning, statistics and international conferences.

On all these issues, the Catholic Church has made specific contributions.
Its main concern is to work out what is common to all persons and com-
munities in order to obtain a collective change in our way of dealing with
energy sources, in our methods of production and habits of consumption.
The common foundation is always the dignity of the human person. Hence
convincing people to move to more responsibility in dealing with natural
goods appeals to the very conception we have of humanity itself.

The issue is anthropological

So the anthropological question is at the core of our PAS/PASS 2014 Joint
Session. In his enlightened teaching, Pope Benedict often spoke of “human
ecology”. This expression cannot be understood as a concession to holistic
ideologies. It has to be put in its right anthropological context. Human per-
sons are not objects but subjects of their interaction with nature. The idea is
twofold: humans are a product of evolution, they are part of nature, but at the
same time, they are the only species that has transformed nature in order to
survive and to improve its living conditions. They are the only species able to
reflect on what they are doing. Humans relate to nature as groups with specific
cultures or representations of their place in nature. Looking at the history of
civilization, what characterized the switch from pre-history to history is pre-
cisely the conquest of more rational dominion over nature, the organization
into cities, and later communication through writing.

The first known civilizations developed huge representations of the place
of man in the cosmos, between fear of its tremendous might and ability to
capture its potentialities. Political power was thought as having to regulate
human activity in agriculture and governance in accordance with the cos-
mic cycles. Humans indeed had the intuition that nature was a tremendous
divine entity.

All schools of Greek philosophy considered the cosmos as eternal and
thus divine. The powers of nature were object of worship and submission.

Something radically changed with the Bible. The world was no longer an
eternal entity; it was the work of a creator God. The whole creation had a
purpose which appears at the end of the Genesis chapter on the creation of
man and woman. God entrusted all of creation to them:“be fruitful, multiply
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fill the earthy and subdue it. Be master of the fish in the sea, the birds of
heaven and all the living creatures that move on earth” (Gn 1,28-29). So cre-
ation is not a blind or alien eternal reality which subdues humans endowed
with intelligence and feeling. There is an inner connection between humans
and nature. Thus emerges the sense of responsibility for humanity. Through
his partners, namely, men and women, God continues his creative work. Hu-
manity is associated with an endless process. God perpetually creates and pro-
tects his creation, not alone but with human collaboration.

The enlightenment movement in the 18th century was alien to the idea
of an ongoing creative work of God. Most of the leading philosophers of
that time shared the idea of a Creator who is mentioned as such in the
American Declaration of Independence, or elsewhere under the abstract con-
cept of “Supreme Being”. They rejected in fact the biblical teaching of a
loving Creator who continues to take care of his creature. But they still had
the idea of an ultimate Being who initiated all that exists and left it in the
hands of humanity. So the Jewish-Christian tradition of the Creator and
the western philosophy of the initiator of all that exists developed side by
side for some time, without creating major clashes.

In both contexts, humans are thought of as being responsible for what
occurs to nature. The gap between secular thinking and religion-based
thinking appeared in the step that came afterwards.

In the secularized context, humanity considers itself as bound by no
other law than the one it decides upon. In the traditional Jewish-Christian
context, it is considered that there is an inherent order in the world which
reflects the Reason of creation itself. Human intelligence is participation
in the absolute intelligence which created the world. In this second case,
there is a natural law understood as the right order of things as disclosed to
human reason. The apprehension of this order is subject to progress and
modification, in a deepening process of closer knowledge of the right order.

Natural law does not relate to the order of the physical world, but to
the order of man in society, which is precisely the realm that modern think-
ing has preferred to leave to the arbitration of individual and social will.

Nature is challenged by culture, just as reality is challenged by its repre-
sentation. In a time when nanotechnologies are able to replace brain cells
and repair our neurons, what would nature be if not a raw material oftered
to our skills and power? Nature appears no longer as resistant data. Nearly
nothing still resists to our will. Human will is now the last horizon of our
future. It serves as a substitute for objective reasoning.

As long as we were under the regime of reason, we could expect to
progress to an ever-growing objective knowledge of what exists, of the in-
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herent order of things. Under the dominion of human will, everything is
possible, the worst being more likely to have the advantage over the best.
The shift from reason to will is not new. We only experience its conse-
quences. It started with modern thinking when “voluntas non veritas facit
legem”, as Hobbes nicely said.

The Social Doctrine of the Church

Sustainability of nature unavoidably has the advantage over humanity as
its competitor. Yet the question could be approached difterently if we start
with the only thinking subject, namely humanity. Humanity is responsible
for all the damage inflicted to nature. Humanity cannot survive without
nature. Nature cannot survive without a mental conversion of humanity.
So the right way is to start with the responsibility of man toward nature
today and tomorrow.

This approach belongs to the sphere of human ethics.

This is why the social doctrine of the Church warns about the conse-
quences of a world in which reason would be disguised as mere dominion
of will, obviously the will of the more powerful.

If there is no inherent order in human behavior and human relationships,
there is no right order for humanity to deal with nature and its resources.
Otherwise everything is possible, as we can see.

As it has often been reminded in this room, the social doctrine of the
Church relies on the assumption that man in nature is the creation of God
and that the right relationship between human communities and their nat-
ural environment is in a way inscribed in the depth of our being.

The principles which govern our humanity in relation to nature are not
arbitrary products of our will, but perceptions of our reason, as illuminated
by divine revelation. These principles are the dignity of each single human
person, the need for all human communities to work for the common good
and the principle of the common destination of all the goods of the earth.
This latter principle plays a particular role with respect to sustainability. In-
deed, considering the human person under the concept of nature has little
in common with the general consensus that seems to be shared in interna-
tional debates today.

The world and its richness belong to all the human family. This is the
ethical foundation of the whole issue of humanity towards nature. It has to
be understood in the perspective of what we have said of the world en-
trusted to man in order to be developed for the advantage of all.

Once western thinking left God aside, nature was no longer a creature,
but took the place of the Ultimate Being. It is not an exaggeration to see the
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present ideological trends concerning Mother Earth as a return to the antique
holistic philosophies, with the evident consequence that humanity becomes
a mute part of a whole instead of being in charge of its stewardship.

Our concern is that we will never find a way out of the deterioration of
nature as long as humans are not individually and collectively convinced
that they bear responsibility for it. The social doctrine of the Church has
always considered that ethical behavior is dictated by freedom. It would
certainly be utopian to expect that a change in the way humanity deals
with its natural environment could be obtained without the inner convic-
tion of the all people involved.
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Many believe that we are entering a new geological epoch: the Anthro-
pocene. Humans have now become a force of nature affecting our planet
Earth on a geological scale and at a much faster rate than traditional geo-
logical speed. We have the power to aftect the robustness and resilience of
the planet. We have impacts on all spatial scales, from local to global.

There are many examples of our dramatic impact, ranging from de-
creased sediments in rivers, to accelerating rate of species extinction, to pol-
lution of land, freshwater, oceans, and atmosphere, to the recently discerned
speeding up of the carbon, nitrogen, and now the hydrological cycles. The
5% Report of the [IPCC’s Working Group II warns that our activities are
already having profound effects on every continent and on our oceans,
which pose many threats, especially to global food and fresh water.!

The result is that our planet has now become in effect a global commons.
Traditionally a commons constitutes an area to which one cannot prevent
access to it. The atmosphere, oceans, the ocean-atmospheric system with its
monsoon system and thermohaline circulation patterns, and the ozone layer
are examples of global commons. Our climate is also a global commons, for
no one can prevent access to the climate system or prevent interactions from
human activities in disparate parts of the planet from aftecting the climate.
Even the ice of the Arctic Ocean and the glaciers of the Himalayas and
Antarctica are put at risk by anthropogenic carbon dioxide emissions.

The global climate, and hence the resilience and the integrity of our
planet, cannot be compartmentalized. While States have claimed and exer-
cised national sovereignty over certain specific areas, which may be analo-
gous to the privatization of a commons, they do not have the power alone
to prevent threats to the planet or to ensure its survival. In this sense, they

! Intergovernmental Panel on Climate Change, Summary for Policymakers, Climate
Change 2014: Impacts, Adaptation, and Vulnerability, Contribution of Working Group
II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change
(2014) http://ipcc-wg2.gov/ARS5/images/uploads/ WG2ARS5_SPM_FINAL.pdf
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inherently share the global commons of our planet. Their actions and those
of many others also aftect people’s access to resources, such as fresh water,
and to benefits derived from their use.

To view the Earth as a global commons that we all share does not require
that we regard it as common property that we own. Many policies, such as
for energy, agricultural, and water resources, are decided upon and put into
effect at the local, national, or regional level. And yet, together they affect
access to and the quality of resources and the Earth’s resilience and integrity.
Biological diversity and fresh water, although local or regional in character
and subject to national jurisdiction, are in a broader sense a common con-
cern of the global community. The international legal doctrine of the com-
mon concern of humankind, which was set forth for climate change and
biodiversity in 1992, should be extended to the global commons, so that
we explicitly recognize our responsibilities for conserving the commons.
This point is developed later in this manuscript.

International law offers a useful perspective in which to view issues con-
cerning the global commons. Law is an expression of agreed values and
provides a normative basis for action. It can frame issues and give order to
how we should think about them and what we should do about them. It
creates expectations regarding behavior and offers predictability. It influences
decision-making and processes for decision-making, and can facilitate co-
operation and lead to the creation of new institutional arrangements to ac-
complish agreed obligations or goals. For the global commons, international
law speaks to the development and implementation of principles and legal
instruments to protect the natural and human sustainability of our planet,
both locally and globally.

One must view the global commons through two distinct lenses: the in-
tergenerational lens, which is long-term ranging from the next generation
to decades or even centuries hence; and the kaleidoscopic lens, which is a
bottom-up approach focused on the actions of those who affect the com-
mons and are affected by it.

I. The Intergenerational Framework

All generations — past, present, and future — are linked in the global com-
mons of the Earth. We are part of the Earth and both profoundly affect the
Earth and are affected by it. Since we are the most sentient of living beings
on the Earth, one could argue that the Earth constitutes common property
for us, but this could imply that we could do with the Earth whatever we
wanted to do. Rather we are intrinsically part of the system and, in this
sense, we are owners of the global commons.
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The thesis is that we hold our planet in common with past, present, and
future generations. If we view our planet as a trust, we are at the same time
trustees of the planet for future generations and beneficiaries with the right
to access and benefit from the trust.

This perspective has deep roots in many difterent cultural, religious, and
legal traditions. In the Judeo-Christian tradition, God gave the Earth to his
people as an everlasting possession to be passed on from generation to gen-
eration. In the Islamic religious tradition, man has inherited all the resources
of life and nature and has certain religious obligations to God in using them.
Each generation makes the best use of the Earth without upsetting the in-
terests of future generations. No generation owns the Earth permanently.
The nontheistic traditions in Asia and South Asia also respect nature and
our responsibilities to future generations as stewards of the Earth. They stress
living in harmony with nature.

Both the common law and civil law legal traditions also reflect the per-
spective of a trust to be used and cared for by each generation. In the com-
mon law tradition, John Locke, for example, posits that whether by natural
reason or by God’s gift to Adam and his posterity, humankind holds the
planet in common. We have an obligation not to take more of the fruits of
nature than we can use, so that they remain for others to use. We ought not
to waste the fruits of nature. In the civil law tradition, Germany recognizes
social obligations that are inherent in the ownership of private property.
Karl Marx proposed that all communities were only in possession, or users,
of the Earth, with obligations to conserve it for future generations.

African customary law is striking in that it generally recognizes that we
are only tenants on Earth, and thus have obligations to both past and future
generations to care for the Earth. The Chief is like a trustee who holds the
Earth in common for the use of the community. Customary laws and prac-
tices of many traditional peoples all over the world also view nature as held
in common by the community and thus impose obligations on its use so
that it will be available to future generations.

These examples show that the concept that we hold the Earth in com-
mon with past, present, and future generations — that we act as trustees or
stewards of the Earth — has deep cross-cultural roots. It can provide the basis
for recognition of a common ownership of the Earth that both gives enti-
tlements of access and use and imposes restrictions on that access and use.

Principle of Intergenerational Equity

The principle of intergenerational equity holds that all generations are
partners in caring for and using the Earth.The present generation must pass
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the Earth and our natural and cultural resources on to future generations
in at least as good condition as it received them so they can meet their own
needs. This obligation applies both to diversity and quality. It leads to ro-
bustness and resilience of the human environment.

The principle is a foundation for sustainable development and is found
in diverse juridical writings and legal instruments.> As we have seen, it is
broadly acceptable across diverse cultures and religious traditions. In inter-
national law, the principle builds upon the use of equity, initially formulated
by Aristotle and elaborated by Grotius, as addressing cases not covered by
universal law. In the 20" century, equity has been invoked more broadly as
a basis for allocating and sharing resources and for distributing burdens.

The principle of intergenerational equity has three intergenerational el-
ements: comparable options, comparable quality,and comparable or nondis-
criminatory access. These elements are consistent with the following
criteria: a) to encourage equality among generations; b) not to require the
present generation to predict the values and preferences of future genera-
tions, but rather to give future generations flexibility to achieve their own
goals; ¢) to be reasonably clear in application to foreseeable situations; and
d) to be generally shared by different cultural traditions and generally ac-
ceptable to different economic and political systems.

The first element,“comparable options”, calls for conserving the diversity
of the natural resource base so that future generations have a robust and flex-
ible inheritance with which to achieve their own well-being. This means, for
example, conserving biological diversity, respecting recharge rates in using
fresh water from renewable ground water aquifers, conserving germplasm
and local understanding of the plant environment, conserving productivity
of soils, and constraining the use of fossil aquifers according to certain criteria.
Conserving options is especially relevant for adapting to climate change.

The second element, “comparable quality”, calls for ensuring that the
quality of the environment left to future generations is on balance in no
worse condition than received. At any given time, we may both degrade
and protect or improve the environment. Hence, the reference is to “on
balance”. Some actions generate long-term, even irreversible serious harm.
For example, pollution of ground water is difficult and costly to reverse.
Flushing persistent toxic chemicals from lakes through natural processes

% See, e.g., Edith Brown Weiss, In Fairness to Future Generations: International Law, Com-
mon Patrimony, and Intergenerational Equity (Dobbs Ferry, N.Y.: United Nations University,
Transnational Publishers, 1989); “Intergenerational Equity”, Max Planck Encyclopedia of
Public International Law,Vol.V (Oxford: Oxford University Press, 2012 and online).
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may take a century, as it does, for example, in Lake Superior in the United
States. Disposal of nuclear wastes can lead to long-term contamination. Des-
ecration of soils renders them unproductive. We should avoid these actions.
But other actions, such as those that result in the cutting of forests or the
taking of ground water in excess of recharge rates can be offset by replanting
or conservation of forests elsewhere or by the carrying out and implemen-
tation of water research into more efficient transport and use of fresh water.

The third element,“comparable or nondiscriminatory access” gives mem-
bers of the present generation a reasonable, non-discriminatory right of access
to the environment and natural resources to use for their own benefit and
provides for equitable non-discriminatory access to future generations. This
suggests, for example, that the real price of resources to future generations, at
least to immediate ones, be comparable to the present value. In the context
of climate change, the element of access suggests that measures to adapt to
climate change try to provide comparable or nondiscriminatory access to re-
sources and environmental benefits for future generations.

The principle of intergenerational equity imposes obligations on the
present generation to future generations. The 1997 UNESCO Declaration
on Responsibilities to Future Generations focuses on such obligations.> Ob-
ligations do not necessarily entail corresponding rights. In the context of
future generations, one can argue that future generations have rights and
the present generation has obligations to respect those rights. Rights of fu-
ture generations are not individual rights. Rather they are generational
rights, which can be usefully conceived only at a group level. They are in
the nature group or collectively held rights in relation to other generations
— past, present, and future. They exist regardless of the number and identity
of the people who exist in each generation.

Rights of future generations are rights to diversity and quality compa-
rable to those enjoyed by previous generations. Both of these can be eval-
uated by objective criteria and indices. Enforcement of these rights would
appropriately be done by a guardian or representative of future generations
as a group, not of future individuals, who are necessarily indeterminate. Im-
plementation of the rights of future generations could, for example, mean
giving a voice to the interests of future generations in the decisions we take
today, such as those decisions related to climate change.

> UNESCO, Declaration on the Responsibilities of the Present Generations Towards
Future Generations, Nov. 12, 1997, http://portal.unesco.org/en/ev.php-URL_ID=
13178&URL_DO=DO_TOPIC&URL_SECTION=201.html
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Intergenerational equity and intragenerational equity may appear to clash,
in the sense that resources should be devoted to resolving the great inequities
that exist today rather than addressing the concerns of future generations. In-
deed, many people are too poor today to have effective access to the benefits
of the resources of our planet. This also, however, aftects our ability to conserve
the planet for future generations. From the intergenerational perspective, as
our concerns extend further in time, we can conserve our resources for our
descendants only by conserving the environment in which they will live. This
in turn means that we need to assist impoverished people and communities.
Their willingness and ability to meet obligations to future generations is con-
ditioned upon having access now to the benefits of their environmental legacy.
Thus addressing the severe problems of poverty and inequality, especially
within countries, can be seen as a critical part of the intergenerational issue.

One can argue, further, that intergenerational equity encompasses intra-
generational equity as an integral element of the principle. Once future
generations become part of the present generation, they have obligations
toward members of the present generation that reflect their intergenera-
tional obligations. Thus, the intergenerational element of access gives mem-
bers of the present generation, defined as living persons, reasonable,
nondiscriminatory rights of access to resources to use to improve their own
economic and social well-being, with the obligation to respect their obli-
gations to future generations. Thus, in the intragenerational context, the re-
alization of the intergenerational principle of conservation of access means
that all peoples should have a minimum level of access to the Earth and its
resources today for their own benefit.

While this intragenerational component flows from the principle of in-
tergenerational equity, it could also be regarded as an independent compo-
nent, which is not required by the principle. In international law, the principle
of intergenerational equity has been accepted as defining the obligations
among generations, and for many, both the rights and the obligations of future
generations, but not the issues of equity among those living today.

Implementation of a Principle of Intergenerational Equity

Governments habitually avoid addressing the long-term. Sustainable de-
velopment and other goals require paying attention to the long term. The
principle of intergenerational equity puts the focus on the long-term and
requires that the interests of future generations be considered in our deci-
sions today.

Actions implementing a principle of intergenerational equity are in-
creasing. We turn first to some of the specific developments in institutions
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and in judicial cases at the international, national, and local levels, and then
to the general strategies needed to implement the principle.

At the international level, civil society has led a push to establish a formal
position representing the interests of future generations within the United
Nations. The August 2013 Report of the UN Secretary-General on Inter-
generational Solidarity and the Needs of Future Generations references several
options, including a United Nations High Commissioner for Future Gen-
erations or a Special Envoy for Future Generations. At the national level,
Finland has established a permanent parliamentary Committee for the Fu-
ture; the Hungarian Parliament created an Ombudsman for Future Gener-
ations, which is now under the Commissioner for Fundamental Rights; the
Israeli Knesset created a Commission for Future Generations, which while
dissolved is now under consideration to be recreated, and the German Bun-
destag established the Parliamentary Advisory Council on Sustainable De-
velopment to serve as the advocate of long-term responsibility. The
functions vary from issuing reports to intervening in the judicial process, as
in the case of Hungary. The first meeting of all the national institutions con-
cerned with future generations was held in Budapest, Hungary, in late April
2014.The principals have agreed to meet annually to exchange information
and experiences on a regular basis.

National courts have also used a principle of intergenerational equity in
their decisions. These include courts in New South Wales, Australia, the
National High Court of Brazil, the High Court of Kenya, the Supreme
Court of India, courts in New Zealand, and the Supreme Court of the
Philippines, among others. These developments are especially significant
because a principle of international law is being invoked domestically or
otherwise found in national constitutions or statutes.

To implement a principle of intergenerational equity in a broader context,
we need to adopt an intergenerational lens to identify appropriate strategies.
These strategies may include, but are not limited to, the following:

1. Representation for the interests of future generations in decision-making
and in other appropriate venues

2. Sustainable use of resources, especially including soils

3. Long-term integrated, intergenerational assessments, monitoring, and
transparency

4. Scientific and technological research and development on long-term is-
sues that the private sector does not otherwise fund, such as monitoring
of ground water pollution and certain resource use

5. Attention to the cost and ease of maintaining projects or programs when
deciding whether to undertake them
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6. Codification of norms and promotion of shared values

7. Education for conserving diversity, quality, and access for present and fu-
ture generations

These and other strategies are appropriately pursued at all levels and are

consistent with the rapidly emerging bottom-up empowerment described

below. We need to engage all actors at all levels in taking actions to conserve

our global commons for present and future generations.*

Il. The Kaleidoscopic World with Bottom-up Empowerment

At the same time that we are being forced in the Anthropocene Epoch
to confront our responsibilities for the Earth as a global commons, we are
an international community that is becoming more and more a kaleido-
scopic world, with increased integration and fragmentation, millions of new
actors, rapid communication, and rapid change. Governance, or manage-
ment, of the many systems, whether directly or indirectly, is becoming ever
more challenging and difficult. At the same time, we face powerful threats
of top down control, which further complicates governance issues.

In the new kaleidoscopic world, information technology is transforming
the participation of individuals, ad hoc coalitions, nongovernmental organ-
izations, transnational networks, business groups, religious orders, commu-
nities and other groups in governance at the international, national, regional,
and local levels. States and international organizations remain critical players,
but the international system is less hierarchical and much more chaotic than
before. There is an explosion of bottom-up initiatives and empowerment.
This has important advantages but also raises important issues.

Integration and fragmentation in the international system are taking
place at the same time. States now number more than 195, as opposed to
little more than 50 when the United Nations was founded. According to
the 2013-2014 Yearbook of International Organizations, there are over
26,000 active intergovernmental and international nongovernmental or-
ganizations, and if special international organizations, including religious
orders and secular institute, and inactive ones are included, the total number
rises to over 66,000.° In addition, numerous networks and other significant
groups operate across national borders.

* For a comprehensive report on steps for decision-makers to take to address the fu-
ture, see Now for the Long Term, Report of the Oxford Martin Commission for Future
Generations (Oxford: Oxford University, 2013).

3 Union of International Associations, Yearbook of International Organizations 2013~
2014 (Leiden: Brill, 2013). The data was collected in 2012.
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In the new situation, informal groups, ad hoc coalitions and individuals
are becoming important participants in helping to conserve or to desecrate
our planet. Information technology enables people to create cross-border
coalitions, which constantly shift in focus and followers. There are myriads
of informal groups, communities, and special interests, and millions of in-
dividuals that can affect the governance of the commons. As of June 2014,
Tumblr reported 191 million blogs.® In February 2014, the blogging tool
WordPress reported 77 million WordPress sites, with 409 million unique
monthly users per month.” In November 2011, BlogScope tracked more
than 57 million blogs across the different sites, with 1 billion posts. At that
time, blogs were already read daily by 346 million people in 81 different
languages, with 900,000 unique blog posts on average every 24 hours.®
Twitch, a live video streaming site, reported 900,000 unique broadcasters
per month at the end of 2013, while YouTube reported that 100 hours of
video are uploaded to YouTube every minute.” The microblogging social
networks report similarly large numbers. In April 2014, Twitter reported
255 million monthly active users as of March 31, 2014, 198 million of
which were mobile monthly active users.! In July 2013, Burson-Marsteller
released a study that found that more than three-quarters of States had a
Twitter account." There are many more social networking sites than those
referenced here.

Mobile phones are widely used to help organize coalitions and actions,
whether locally or across national borders. While many poor people still do
not have access to mobile phones, access is rapidly increasing across Africa,
Asia and Latin America. Cell phones are the fastest diffusing technology in
history. These explosive developments in communications technology mean

¢ https://www.tumblr.com Yahoo, which acquired Tumblr in June 2013, indicated
that Tumblr receives 300 million unique monthly visitors, though experts believe the
number may be significantly lower, J. Yarrow, “The Truth About Tumblr: Its Numbers
Are Significantly Worse Than You Think”, Business Insider, May 21, 2013,
http://www.businessinsider.com/tumblrs-active-users-lighter-than-expected-2013-5

"WordPress, “Stats”, http://en.wordpress.com/stats/

8 BlogScope, http://www.blogscope.net/ The site has been discontinued as of April 2012,
but the BlogScope technology has been channeled into www.sysomos.com since 2007.

9 Twitch,“2013 Retrospective”, http://www.twitch.tv/year/2013;YouTube, “Statis-
tics”, http://www.youtube.com/yt/ press/statistics.html

10 Twitter, “Twitter Reports First Quarter 2014 Results”, Apr. 29, 2014, https://in-
vestor.twitterinc.com/releasedetail.cfm?releaseid=843245

" Tiviplomacy: Heads of state and government on Tivitter, July 2013 (2013), http://twiplo-
macy.com/wp-content/uploads/2013/12/Twiplomacy_countries.pdf
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that many groups and especially individuals can participate directly in so-
called governance of our global commons and its innumerable local aspects.
‘We may characterize this as “bottom-up empowerment”.

Bottom-up empowerment is taking place across the globe. Examples in-
clude the campaign to ban land mines, which led to the conclusion of an
international treaty, the significant protests in London against the treatment
of Tamil people in Sri Lanka, which led to pressures on the government in
Sri Lanka, so-called color and velvet revolutions in the Ukraine and areas
of Central and Eastern Europe, and the Arab Spring. Actions in civil society
in one part of the world can quickly go viral today.

Bottom-up empowerment also is taking place across different sectors of
the world, which involve the world economy. The creation of Bitcoin and
other new electronic forms of money and the development of thousands
of small businesses that operate through the Internet illustrate this new and
growing phenomenon. Kiva and other informal groups that seek funds from
thousands of donors on the Internet for specific development projects and
the emergence of crowd sourcing as a source of funds for a specific new
project illustrate the growing bottom-up empowerment. Bottom-up ini-
tiatives are doing things that in the past have been associated with initiatives
of governments or of large businesses. Thus, if we want to address issues of
sustainability for the global commons effectively, it will be essential to rec-
ognize and use the bottom-up initiatives that are possible in this new kalei-
doscopic world.

There is a substantial literature on governing a commons, which is rel-
evant to governance in the kaleidoscopic world."? People have been organ-
izing among themselves for centuries to use resources, which may give at
least some hope that we can organize at multiple levels and places for sus-

tainability.

The Importance of Values

In the new kaleidoscopic world, eftective governance requires a set of
common values. Such common values are particularly important for vol-
untary commitments to be effective for the global commons. These com-

12 See, e.g., Elinor Ostrom, Governing the Commons: The Evolution of Institutions for
Collective Action (New York: Cambridge University Press, 1990) and subsequent work.
For legal literature, see Burns H. Weston and David Bollier, Green Governance: Ecological
Survival, Human Rights, and the Law of the Commons (New York: Cambridge University
Press, 2013).
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mitments must be based on the normative value of sustainability, and on
other equally important values, such as intergenerational fairness and social
and economic equality. Traditionally international agreements reflect such
values and articulate shared commitments, and States have the responsibility
to implement them. In the kaleidoscopic world, the common values and
shared commitments must also flourish from the bottom up. Because local
communities, informal or transient groups of participants, or individuals
will increasingly be able to influence the development and commitment to
international agreements and other legal instruments, the sharing of com-
mon values becomes essential to effective governance. Otherwise, voluntary
commitments to sustainability will be wholly insufficient to achieve even
modest sustainability goals, or worse, only a fig leaf for inaction.

Since as part of the revolution in information technology, individuals
can communicate globally and are doing so in rapidly increasingly numbers,
the youngest generation is growing up with an outlook that assumes that
people can communicate with others elsewhere. This development may
provide a means for fostering shared values about sustainable development
and conservation of the integrity of our planet.

Religious institutions have significant influence in fostering the values
of sustainability, environmental justice, and fairness to future generations.
Sustainability depends upon the ethical principles of the people who decide
every day what actions to take.This in turn, at least in part, is likely to reflect
principles that have been widely discussed and publicized and have been
endorsed by religious and political leaders.

The Doctrine of the Common Concern of Humankind

New legal principles and doctrines are emerging that are critical to pro-
tecting our global commons.The principle of intergenerational equity rep-
resents one such development. The second is the concept and evolving
doctrine of the “common concern of humankind”.

If, in the new Anthropocene Epoch, we were to designate our planet as
a global commons, the legal doctrine of common concern of humankind
would serve as the legal basis for developing new commitments to sustain-
ability. These could take place in all sectors and at all geographical levels.

The legal concept of the common concern of humankind first emerged
as a distinct concept in the parallel negotiations for the United Nations
Framework Convention on Climate Change (UNFCCC) and the Con-
vention on Biological Diversity, which were prepared for the 1992 Rio
Conference on Environment and Development. The Preface to the UN-
FCCC “acknowledges” that “changes in the Earth’s climate and its adverse
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effects are a common concern of humankind”. The Preface to the Con-
vention on Biological Diversity “affirms” the conservation of biological di-
versity as “a common concern of humankind”.

The terminology is intended to distinguish the concept from the by
then familiar legal concept of the “common heritage of mankind”, which
had been developed and primarily used to refer to the deep seabed resources
and to outer space."” Traditionally the doctrine of “common heritage of
mankind” has been associated with notions of property in the sense that
everyone or every State may have a property interest in anything that is so
designated. One may argue that such property could be regarded as “res
communis” or owned in common. This need not follow, for the 1972 World
Heritage Convention provides for States to put natural or cultural sites lo-
cated within their country on a World Heritage List, and this does not mean
that the site has become res communis.'"* Except for this singular example,
States have been exceedingly reluctant to adopt any terminology that could
suggest they are relinquishing any property interest in areas under their ju-
risdiction or control. For centuries they have exercised national sovereignty
in such areas. By developing the concept of “common concern of hu-
mankind”, one can avoid the focus on a property interest and focus instead
on the common interest that all have in protecting the resources and envi-
ronmental systems essential for humankind.

The concept of common concern of humankind has never been artic-
ulated in detail in any legal instrument. From 1990-1991, the United Na-
tions Environment Programme (UNEP) hosted a group of legal experts to
examine the concept. The report of the final meeting of the group noted
that “the concept...was sufficiently flexible to warrant its general acceptance
as providing a broad basis for the consideration of environmental issues...
and should relate both to environment and to development”.' Since 1992,
there has been only limited attention to the concept until recently. Scholarly
writing has proposed that access to and quality of fresh water should be

3 For writings, see Prue Taylor and Lucy Stroud, Common Heritage of Mankind: A
Bibliography of Legal Writing (Valletta, Malta: Fondation de Malte, 2013).

" Convention Concerning the Protection of the World Cultural and Natural Her-
itage, Nov. 16, 1972,1037 UNTS 151.

!5 United Nations Environment Programme, Beijing Symposium on Developing
Countries and International Environmental Law (Beijing, China, August 12-14, 1991);
Antonio Augusto Cancado Trindade, International Law for Humankind: Towards a New Jus
Gentium, 2nd rev. ed. (Leiden: Hague Academy International Law, Martinus Nijhoft,
2013).
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viewed as a common concern of humankind,'® and there are incipient ef-
forts to explore its application more broadly in other fields.

Voluntary Commitments

In the Anthropocene Epoch and the new kaleidoscopic world, legal in-
struments are and will be important for codifying values, for specifying ob-
ligations and for trying to ensure that commitments are followed, whether
by States, other groups, or individuals. They shape the way actors are ex-
pected to behave.

The new kaleidoscopic world has significant implications for these legal
instruments and processes. We are accustomed to thinking of international
law as consisting of binding international legal agreements, such as the
United Nations Framework Convention on Climate Change (UNFCCC),
the Montreal Protocol on Substances that Deplete the Ozone Layer, or the
Convention on Biological Diversity.”” But non-binding legal instruments,
commonly referred to as “soft law”, have become increasingly important
in addressing new problems, in taking first steps to address an old problem,
or in putting in place an instrument to address a rapidly evolving problem.
In the case of the Arctic, for example, countries adopted a non-binding
Declaration on the Arctic, which led to the creation of the Arctic Council,
under whose auspices a binding agreement was recently negotiated. '

The new century of “bottom up empowerment” is leading to the emer-
gence of a new legal instrument to address problems of the global com-
mons, namely voluntary commitments. This is not only because there are
over 195 States, who must agree to specific obligations, but as importantly
because the many groups of nonstate actors and individuals must commit
to taking actions. While States remain central for certain functions such as
security, these other actors are essential in performing other functions. Their
embrace of common goals and commitments is essential to achieving them.

10 Edith Brown Weiss, International Law for a Water-Scarce World (Leiden: Hague Acad-
emy International Law, Martinus Nijhoft, 2013).

17 United Nations Framework Convention on Climate Change , May 9, 1992, 1771
UNTS 107; Montreal Protocol on Substances that Deplete the Ozone Layer, Sept. 16,
1987, 1522 UNTS 3; Convention on Biological Diversity, June 5, 1992, 1760 UNTS 79.

'8 Declaration on the Establishment of the Arctic Council, Sept. 19, 1996, 35 Interna-
tional Legal Materials 1382 (1996). Agreement on Cooperation on Marine Oil Pollution
Preparedness and Response in the Arctic, May 15, 2013, http://www.arctic-council.org/
eppr/agreement-on-cooperation-on-marine-oil-pollution-preparedness-and-response-in-
the-arctic/ The agreement provides for provisional application pending the receipt of nec-
essary documents from member States to become party.
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Voluntary commitments are to be distinguished from international
agreements and nonbinding legal instruments.Voluntary commitments are
not taken pursuant to a binding or nonbinding international legal instru-
ment, which embody a consensus reached by the negotiating parties. Rather
they are undertaken voluntarily, pursuant to shared objectives or goals or
to common undertakings.

States themselves are resorting to such voluntary commitments. For ex-
ample, when States could not agree in Copenhagen in 2009 on specific
binding or even non-binding commitments to limit greenhouse gases, 141
States subsequently made voluntary nonbinding commitments to limit
greenhouse gases.”” The Copenhagen Accord on climate change had no
legal status, since the Conference never adopted it. In the case of climate
change, we could have a new binding international agreement in which
individual countries voluntarily make whatever commitments they deem
appropriate, if agreement on specific binding commitments to control
greenhouse gases cannot be reached.

This new emphasis on voluntary commitments extends especially to pri-
vate industry, nongovernmental organizations, and others, which are in-
creasingly making voluntary commitments to promote sustainability and
other goals. The United Nations Global Compact, for example, has three
principles for businesses that directly concern environment: support a pre-
cautionary approach to environmental challenges, undertake initiatives to
promote greater environmental responsibility, and encourage development
and diffusion of environmentally friendly technologies. As of June 2014,
the Compact had over 12,000 participants in more than 145 countries.?
An increasing number of international initiatives solicit and publish volun-
tary commitments by States, private industry and nongovernmental organ-
izations to sustainable development. Most initiatives record and collect these
commitments in their own separate registries.

The United Nations hosts at least several such initiatives: The UN Sus-
tainable Development Knowledge Platform established in preparation for
the Rio+20 conference in 2012; the Sustainable Energy for All, initiated
by the United Nations Secretary General to obtain commitments by gov-

' States submissions are available at https://unfccc.int/meetings/copenhagen_dec_
2009/items/5262.php See also US Climate Action Network, http://www.usclimatenet-
work.org/policy/copenhagen-accord-commitments

% United Nations Global Compact, http://www.unglobalcompact.org Figures are
compiled from database which can be searched by participants or countries.
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ernments, industry and civil society to take actions to ensure global access
to sustainable energy by 2030, and the UN Global Compact referenced
above.? There are also multiple private sector initiatives, such as the Clinton
Global Initiative, the Corporate Eco Forum, which i1s a membership or-
ganization of large companies which publishes commitments to sustain-
ability, and the Natural Resources Defense Councils Cloud of
Commitments, which provides an international registry which aggregates
commitments from various initiatives.?

Notably, these registries and sites do not yet gather data on compliance
with commitments, and there are generally no reporting requirements. We do
not know whether those who make the commitments are successful in reach-
ing their goals.Voluntary commitments are often made because they enhance
the reputation of those making them, though according to some research, there
is little evidence that sales or share prices reflect these commitments.?

There are several technical problems with voluntary commitments. They
may be enunciated in different formats, which make it hard to compare
and to assess the aggregate progress in advancing toward sustainability. Mon-
itoring is difficult, since there may be hundreds, or thousands of commit-
ments in different formats and with different content. It would be helpful
to have platforms that compile and aggregate individual commitments and
that make them readily accessible online. It would be even better to have a
system of reporting on implementation and results and systematic moni-
toring of what is actually happening on the ground. In the absence of even
a reporting requirement, it may be difficult to detect “green-wash” and dis-
tinguish it from genuine commitments to sustainability.

In the bottom-up kaleidoscopic world, accountability will be ever more
essential and at the same time difficult. Not only governments, but the pri-
vate sector, nongovernmental organizations, ad hoc coalitions, and individ-
uals need to be accountable for their actions. The traditional ways of holding
institutions and people accountable, namely by determining post hoc
whether they have met their obligations and imposing sanctions if they have

! United Nations Sustainable Development Knowledge Platform, http://sustain-
abledevelopment.un.org; Sustainable Energy for All, http://www.se4all.org/; United
Nations Global Compact, http://www.unglobalcompact.org

2 Clinton Global Initiative, http://www.clintonfoundation.org/ clinton-global-initia-
tive/commitments/; Corporate Eco Forum, http://corporateecoforum.com; Natural Re-
sources Defense Council, “Cloud of Commitments”, http://cloudofcommitments.org

» See, e.g., David Vogel, “The Private Regulation of Global Corporate Conduct:
Achievements and Limitations”, Business & Society, 49: 68-87 (2010).
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not, are not sufficient for making innumerable actors in rapidly changing
contexts accountable. At the same time, it is essential not to saddle a bot-
tom-up world with accountability requirements that pose such significant
administrative costs or are inappropriate to local conditions so as to dis-
courage innovation and badly needed actions. It will take time to work out
an appropriate balance, but it is important to begin to do so.

lll. Concluding Comment

Two major developments confront us. The first is that we are entering a
new geological Epoch of the Anthropocene, in which we humans are a major
force of change. The second is the emerging kaleidoscopic world, with mil-
lions if not several billion participants, which features bottom-up initiatives
and empowerment. Our Earth has become a global commons. Cumulatively,
actions taken across the world affect its resilience and integrity. Increasingly
we face problems with serious long-term implications for the well-being of
future generations. Changes can be rapid. Bottom-up empowerment can col-
lide with top-down efforts to control it. In this complex, dynamic setting,
shared values and widely accepted legal principles will be central to the sta-
bility of the international system. The legal principle of intergenerational eq-
uity and the doctrine of the common concern of humankind can provide
bases upon which to address the sustainability of Earth and to ensure its re-
silience and integrity for present and future generations. R eligious institutions
have a very important role to play in fostering such common values, so that
they are diffused and accepted among diverse peoples. These institutions affect
billions of people. They can become a major force for addressing the sustain-
ability of the Earth as a global commons.
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TOWARDS A SOCIAL BALANCE
OF THE CURRENT GLOBALIZATION

JUAN J. LLACH

1. Current globalization overview

For the last quarter century our world has been experiencing one of the
most intense periods of globalization, loosely defined here as those of above
normal migrations, trade and investments across political borders. This paper
is a first, very preliminary and synthetic essay on a social balance of this last
quarter century. As it frequently happens when dealing with issues like
these, black-or-white assessments tend to predominate in public discussions
and debates. In contrast, nowadays the world looks to us like a multi-faceted
polyhedron. On the positive side, we find that for the first time since the
Western empires’ expansion in the 15th century the per capita GDP of
Africa, Asia and Latin America has begun to converge with that of the de-
veloped countries (Table 1). Associated to that process our world has wit-
nessed an astonishing growth of the world’s populations, particularly since
the early 20th century, an expansion that would have not been possible
without a significant improvement in living and, particularly, in health con-

ditions (Table 2).

Table 1. Convergence for the first time in centuries.

GDP pc ratio: Africa, Asia, LATAM W. Europe + Western Offshoots %

Year 5 Ratio

1 : 100%
1500 _ 7R%
1820 ' 47%
1950 : 19%
1990 . 15%
2010 _ 19%
2040 45%*

Source: own estimates based on Maddison Project (web) and R. Fogel (2007).
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Table 2.

Year | [illion
1304
827 |
1560 |
1588
mz
Z0 0

(V=R N S N BT U R

Source: UNDP estimates.

As a matter of fact, the human life conditions of billion people have sig-
nificantly improved along the last quarter century. Extreme poverty has
fallen both in absolute and relative (%) terms although with big variations
across regions and countries and there have been very diverse geographically
progresses in health, nutrition and education.

On the negative side, and in the same process, new forms of social ex-
clusion and destitution either appeared or increased. They include structural
unemployment; the NEET phenomenon, i.e., growing amounts of young-
sters that are not in employment, education or training; increasing elderly
populations whose lives confront serious risks; marginalized immigrants
and, what is perhaps the most evident, ever growing numbers of people liv-
ing in slums, particularly in emerging countries, without access to formal
jobs nor to most of the conditions of modern wellbeing. Finally, even when
most of the evidence shows that the distribution of wealth and income,
considering the whole world, has somewhat improved, it has worsened in
most of the countries taken one by one and shows in some of them in-
creases even in the shares of the superrich “1%” or less of the population.

2. Demography and Social Security

A huge population increase has not been the only recent relevant demo-
graphic change. Ageing is another and it poses tough challenges. By 2050 age-
ing-related public spending will amount to 15-25% of GDP in developed
countries (Table 3) and it will be very difficult to get resources to care for the
elderly, especially in slow-growing economies where public pension schemes
and old-age health plans are patently unsustainable (Table 3). Soaring public
debts exacerbate the problem, because future generations are being asked both
to service our debt and to pay for our retirement (K. Rogoft, 2014).
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Table 3. Ageing-related public spending pressures are mounting in % of GDP (assuming un-
changed policies).
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Source: Visco et al. (2005).

3. Nutrition and Health

In spite of clear progresses huge weaknesses and challenges remain ahead
(Table 4).
Life expectancy. There have been very significant progresses in East Asia and
LATAM, not as much in South Asia and just a little in Sub-Saharan Africa.
This last subcontinent must be at the core of future policies.
Under-five mortality. The picture is very similar to life expectancy, with sig-
nificant progresses in East Asia and LATAM, less in South Asia and much
less in Sub-Saharan Africa where it is too high yet.
Undernourishment. In spite of lower percentages, there are still too many under-
nourished people. In 2012 they were 980 million globally, 220 million of them
in low-income countries and 760 million in middle-income ones. This is clearly
far from the potential of a world in which food waste is huge and widespread.

Table 4. Health and nutrition indicators.
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Source: World Bank.
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4. Economic growth

The world is not only witnessing convergence between the GDP per
capita of developed and developing countries for the first time but it has
also been accelerating since the beginning of the 21st century (Table 5).
Africa is converging for the first time in history.

5. Poverty and exclusion
5.1. Extreme poverty

Conventionally measured as people living on less than US$ 1.25 per day,
extreme poverty has been steadily declining since 1990 both in relative (%)
and absolute terms (Table 6). It’s not by chance that the absolute number
of people under the extreme poverty line coincides almost exactly with
that of undernourished people.

Table 5. GDP pc growth: 1960-90, 1990-2010, 2005-2012.

LaE-80 1950-2010 2005-201 2
Wiord =1 r i | 1.1
Derus|oepid Cavii ntries L5 1.2 La
Meestom Euroge 21 1.4
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Ermnarging countrizs 2 16 44
Eortizrn Europe 1 T =
Former Soyiet Lingn L 0,5 T
Latin America 1 2.0
East fsim 1H L4
st dila fE] 20
Mrca L0 12
China 05 7.6
Irdi 10 a9

Table 6. Extreme poverty: World population living on less than 1.25 USS (2005 PPP).
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There has been a positive association between economic growth and
poverty reduction as extreme poverty fell roughly 1 percentage point every
3.5% of GDP growth. However, this ratio has been increasing from 3.33%
in 1990-99 to 3.73% in 1999-2010, 1.e., it has been more expensive to re-
duce poverty alongside with economic growth, which implies the need to
improve its pro-poor effects.

However, as a consequence of the huge under-reporting of income in the
household surveys on which poverty measurement is based, alternative esti-
mates of it give very different results. The most recent and ingenious, shown
in Figure 1 in the case of India, is based on nighttime pictures taken from
satellites. The increase of illumination consumption between 1994 and 2010
is evident and very probably higher than the twofold decrease in India’s
poverty rate. According to the authors of this new estimate (M. Pinkovskiy
and X. Sala-i-Martin, 2014) the largest estimate of world poverty with the
new method in 2010 is 12.1%, in sharp contrast with the 20.5% using cur-
rently survey means; East and South Asia is experiencing a more rapid poverty
reduction and Sub-Saharan Africa is also reducing (not as fast) its poverty by
30%, which is still more rapidly than the current estimate of 20%.

Tl 150 frctow N30

Figure 1. Alternative estimates of poverty. India at nighttime as seen from satellites. Source: M.
Pinkovskiy and X. Sala-i-Martin (2014).
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Developing World Poverty Estimates
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Figure 2. Alternative estimates of poverty. Source: M. Pinkovskiy and X. Sala-i-Martin (2014).

5.2. Exclusion
5.2.1. Informal labour

Beyond doubt, low quality jobs are one of the most important causes of
structural, persistent poverty. More dramatically, but with an undoubted
dose of realism, J. Breman (2003, quoted by M. Davis, 2006) wrote that “a
point of no return is reached when a reserve army waiting to be incorpo-
rated into the labor process becomes stigmatized as a permanently redun-
dant mass, an excessive burden that cannot be included now or in the future,
in economy and society. This metamorphosis is, in my opinion at least, the
real crisis of world capitalism”.

Measuring informal labour by the proportion of people without pension
entitlement Figure 3 shows — in this case for a sample of Latin American
countries — that informal labour is very negatively associated to income.
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Figure 3. Percentage of economically active population with pension entitlement by income quin-
tiles. References: Each bar represents each country’s income quintiles from the lowest (Q1, pale
grey) to the left to the highest (Qs, black) to the right. Source: G.E. Perry et al. (2007).

G.E. Perry et al. (2007) demonstrate that the higher a country’s income
inequality measured by the Gini coefficient, the higher the percentage of
people without pension entitlement and that the lower the GDP per capita
the higher the percentage of informal workers without pension entit