Globalization and its Risks
Preface

This is a moment of transformation and change on all fronts, which includes a metamorphosis of who
we are. The human species has faced transformational unions before. Indeed, the cells that record the history of
human beings—the mitochondria which form what is known as the energy engine-- reveal in our background
the previous coming together of at least two other species, a phenomenon that helped shape what constitutes our
current selves. Yet the union on the horizon is more radical than those previous and heralds a vastly different
world; it is revolutionary because it involves the synthesis of humans and technology, a change that is almost
here with respect to intelligent phones, and that is based on the use and transformation of energy and natural
resources at the planetary level to produce electricity and telecommunication.

It is no secret that humans now dominate Planet Earth; nor that we have altered and continue to alter the
atmosphere, bodies of water, and the complex web of species that makes up life on Earth. We have entered a
new geological period, the Anthropocene, whose beginnings will be cited in the evolution of rock formations
that will be studied for thousands of years to come; written in the very Earth will be the confirmation that
human beings are, without doubt, the most powerful geological force on the planet. Yet the transformation we
observe is not, finally, based on some sort of geological shift.

The transformation of the planet in process is an economic revolution at its core and it is the history of
economic behavior that reveals the process of how we have changed the planet, our lives, ourselves. Nothing
makes sense unless we understand that, behind everything, are the fundamental decisions involving how
humans have chosen to use and to share natural resources, along with how we have fed and organized ourselves.
After human hunters and gatherers organized for survival in larger groups, communities developed and the basis
of economies began to take shape. Later, the agricultural revolution transformed the way human groups fed
themselves around the world. The development of nations, governments, and economic structures evolved after

the industrial revolution, a massive shift that eventually spread across the globe and started the crisis of climate
change that we observe today. These developments took place without plan. Now, the fundamental decisions
that will shape our futures must be scrutinized and, I believe, revised, rethought, reimagined, if we are to
survive. The economic principles—no longer applicable, productive, or even safe-- that underlie our personal,
social, and national lives must be reexamined if we are to have a role in the future evolution of the planet,
human life, and nations.

Existence is at stake. Climate change may wipe our species from the face of the earth if we do not think,
act, re-design. But the transformation of economics and the earth itself does not have to mean the end; it can
presage and foster a new, more positive, equitable, and healthy beginning, the start of a redistribution that erases
poverty, inequality, and suffering around the world. We have the opportunity to reinvent our future. In the pages
of this book and in the ideas it introduces, I will offer the reader a glimpse at the coming economic revolution
and, not only the dangers of trying to sustain our current path, but also the opportunities that are opening in
front of our own eyes and yet are hidden to most people. The possibilities inherent in positive change are
revealed in what, to some, may seem a secret code, but it is more accurately a set of discernable signals that,
once exposed, become overwhelmingly clear and almost obvious. If we do not follow their guidance and
facilitate new, broader understanding, we will perpetuate the reality of our own destruction; it is that simple.
Because of the crisis in our global environment, humankind, already the survivor of a history of radical
evolution, faces -- immediately-- the most fundamental and dramatic, perhaps devastating, moment of change
yet seen on this planet. We have seen bacteria come to control their environment, creating oxygen-based life
forms and oceans and, in the process, relegating old forms of life to small pockets in the oceans that live off the
energy emitted by sea vents. About 60 million years ago, we saw the mighty dinosaurs succumb to a dramatic
episode of climate change; those that survived eventually became birds. Now we are seeing a mutation of the
species not dissimilar to the evolution of these creatures. Now we are seeing the human species repeat the
process. This is the moment in the history of the planet when action is not suggested, but demanded.

The current transformation is unique in that it involves the transformation of the human mind and our
species as well as the planet as a whole. It comes at a time when globalization—the force behind climate
change-- poses threats to our ability to use clean air, water, and the foods that are the basis of human survival.
While the international market has been seriously implicated in the transformation and the destruction of our
physical life systems, this book announces a brave shift beyond today’s capitalism, a new way of economic
thinking for the future, for survival, and for better, richer, healthier, and more creative lives. It is, I am
convinced, our best hope, given the current threats to our planet, which grow more immediate with every
passing hour. Time is short. We are close to a point of no return. The remedies I suggest, fundamentally
economic, will be felt in every area of life and offer, I believe, our best hope for survival. What is proposed here
can be done; what is proposed here must be done. I invite the reader to join a sober search for solutions and to
imagine and help create a new world in which humans live in harmony with each other and with the world’s
resources, enhancing rather than destroying human happiness, innovation and realization, along with the respect
and embracing of the unique and complex web of species that makes life on Earth.

This book began in 1999, with a series of lectures I gave at the Brookhaven National Laboratories in
Long Island, New York, the Pegram Lectures.1 There I was asked explain the origin of global environmental
problems and propose solutions: a tall order and I thank the organizers and the participants for their probing
questions and suggestions, and their passion for the topic. Some of the material in this book dates back much
longer, to 1974, originating in the Model of the Fundacion Bariloche, a computerized model of the world
economy that was the first to be created within a developing nation. Bariloche is a beautiful town of mountains
and lakes located in Patagonia, the South of Argentina, my country of birth.

In creating the economics and the mathematics of the Bariloche Model, I introduced the concept of
Basic Needs as a foundation for economic development. I worked closely with Latin American scientists led by
the late geologist and friend Amilcar Herrera and several physicists and friends including the sociologist

Fernando Enrique Cardoso who later on became the president of Brazil, and the physicists Jorge Sabato and
Carlos Mallman.
Basic Needs offered a new perspective on developing nations’ economic development, focusing on ways
to overcome dire poverty while averting resource depletion. At the time, the global modeling literature was
dominated by the Limits to Growth Model developed at MIT. Specifically, Basic Needs was a response to the
Limits to Growth attempt to measure economic progress solely by Gross Domestic Product, and the ensuing
suggestion that developing nations could only succeed by depleting the planet’s resources. In the Bariloche
model, we proved that, by concentrating on Basic Needs, we could achieve economic progress in the
developing world while averting the depletion of the earth’s resources. In that sense, the Bariloche Model was
truly the first study on global sustainable development.
The concept of Basic Needs was taken up by several United Nations agencies and the World Bank,
including the U.N. Department of Social and Economic Affairs (ECOSOC) along with the United Nations
Institute for Training and Research’s Project on the Future, led by M. Phillippe De Seynes. The United Nations
International Labor Organization (ILO) in Geneva performed a number of country studies led by Mike Hopkins
on the feasibility of Basic Needs policies. The Basic Needs approach to economic development was eventually
voted by 153 nations at the 1992 Earth Summit of Rio de Janeiro Brazil, as the cornerstone of efforts to define
Sustainable Economic Development.2 The influence of Basic Needs was also felt across academia, for
example, in the distinguished work of Nobel Laureate economist Amartya Sen’s work on entitlements that is
consonant with the idea of satisfaction of basic needs as a primary end of development policies, and the late
Harvard philosopher John Rawls book Theory of Justice, who argues that the welfare of those who are worst off
is an ethical priority.

In 2000 the United Nations introduced its Millennium Goals that focus on monitoring effectively the
satisfaction of Basic Needs. The Kyoto Protocol of the United Nations3 is another manifestation of the close
connection between global resources and the satisfaction of Basic Needs. In creating a model for the carbon
market within the Kyoto Protocol, I aimed at providing a global market mechanism that can correct the missing
values in standard GDP measures and uncover the true costs of global resources, while helping overcome the
global divide between rich and poor nations.

While attracting worldwide attention, the concept off Basic Needs remained more of a hope than a
reality, a goal to be pursued but never attained. The increasing importance of markets in the world economy led
me to think that the only way we would be able to achieve the satisfaction of Basic Needs was by using markets
for this purpose. My idea was to create new global market mechanisms that, while achieving profits, could-- at
the same time --address environmental concerns and the wealth differentials between nations. Through many
publications and speeches, I started in the early 1990s to develop the idea of creating new global financial
mechanisms that could achieve the two seemingly opposite goals.4 The idea became a reality in 1997. The
Kyoto Protocol is the first international agreement that is fundamentally based on the creation of a new global
market mechanism, the carbon market, where the nations of the world trade the rights to use a global public
good, the planet’s atmosphere. Representatives from 160 signatory nations of the UN Framework Convention
on Climate Change agreed in the Kyoto Protocol to reduce global emissions by 5.2% by 2012. 5 In helping
create the United Nations Kyoto Protocol’s carbon market and its Clean Development Mechanism, I helped put
in place a new global market mechanisms that was self-funded, requiring no donations by any nation, and that
could achieve simultaneously the two purposes mentioned above. The Kyoto Protocol’s carbon market is a new
global market mechanism that can resolve major global environmental problems of our times, while helping to
promote the welfare of countries that have fallen behind in economic development.

The idea of a carbon market is straightforward. It provides an example for the policies and the new
economics proposed in this book. In practice it works as follows. The carbon market is based on the policy of
limiting the amount of carbon emitted into the environment by nations. To begin, each industrial nation is
assigned a specific level of carbon emissions in a given year: a nation that goes beyond the level of emissions
allocated can buy additional rights to emit from another nation whose emissions fall below its limits – while the
total world emissions remain within the agreed ceilings. This penalizes the bad guys and rewards the good guys,
without any tax authority needed as an intermediary.
By deliberate design and for historical reasons, the Kyoto Protocol puts no limits on poor nations’
emissions and they preferentially benefit from the use of the planet’s atmosphere. Through the Clean
Development Mechanisms, the Protocol encourages substantial financial transfers from rich to poor nations if
they decrease their emissions.6 These transfers provide a strong incentive to cut their emissions. These became
the first real financial transfers from rich to poor nations to take place in many years. Since the Kyoto Protocol
became international law in 2006, over US$50 billion have been transferred from OECD nations to developing
nations for investment in productive projects that reduce carbon emissions according to the World Bank.7 These
projects helped to advance the cause of sustainable development while reducing the risks of climate change and
encouraging the satisfaction of Basic Needs.
The carbon market involves trading global public goods -- such as the atmospheric carbon
concentration. The trading of global public goods - of which ‘knowledge’ is another example – represents a
critical change in the development of capitalism.

Graciela Chichilnisky
New York March 2013

Introduction

In 1994, the Program on Information and Resources (PIR) was created at Columbia University. Two
years later, it was a leading force in Columbia’s newly founded Earth Institute and, by 1997, PIR had helped
foster advanced global climate negotiation with the creation of the United Nations Kyoto Protocol and its
carbon market. All this changed my life and, in a different sphere, set in motion forces that started a process of
change in the world economy.
The Earth Institute was created as an extension of my research program at PIR, becoming the only unit
at Columbia dedicated to the relationships of global economic issues to the global environment. One of our
guests at the Institute, Ambassador Raul Estrada-Oyuela-- Lead Negotiator of the Kyoto Protocol--was able to
observe PIR computers test electronically the operation of the carbon market that I had designed and modeled
mathematically before it became officially a part of the Protocol.
Later, the lauded physicist Peter Eisenberger became Director of the Institute. I learned much during his
tenure there when I was put in charge of organizing a hugely controversial first conference entitled “Managing
Planet Earth” which was followed by a series of Distinguished Lectures. Lynn Margolis –at the time married to
the physicist Carl Sagan - was one of the first speakers. (She was later awarded the US Medal of Sciences by
President Clinton for her remarkable work.) In a presentation that stunned me, Margolis spoke about life on
planet Earth in the huge, darkened auditorium, as she presented glittering slides. She showed that small,
primitive forms of life - to be precise, bacteria - had been powerful enough to change the geological structure of
Earth. Humans are made mostly of bacteria; indeed, 90% of the DNA in human bodies is microbial rather than
human, and therefore humans can be thought of as a microbial invention. Microbes are champions of survival
and the oldest form of life in the planet. Margolis’s somewhat radical statement was that, on the whole, human
life—not volcanoes, meteorites, or the shift of massive continents, as was previously believed-- is the most
powerful geological force on the planet, having created the oxygen in the atmosphere and even its bodies of
water.
The faculty of Columbia’s Physics Department did not expect to hear this. Nor did I, having believed
that life was incidental to physics and not that the physical structure of our home planet is shaped by life. I sat

stunned by the fact that, since the post war period when I was born, humans had changed the physical structure
of our planet. This notion supported my thinking, my belief in the fact that economics is driving the geological
transformation we are creating on the planet. Economics, a social science based on the actions of human
beings, lies at the root of all the physical changes that physicists can now measure, changes they can do nothing
about: warming seas, melting polar caps, higher sea levels, acidification of the oceans, destruction of myriads of
species in land and sea, climate volatility in the form of droughts, cyclones, floods, fires, and record- breaking
hurricanes. Humans are altering the atmosphere of the planet, its water bodies, and the complex web of species
that makes life on earth possible.

Yet, despite our power, our might on the planet, we have not marshaled our forces to relieve the
suffering of the poorest among us and seem to be driving our own destruction. We live in an increasingly
polarized world where alarming global levels of poverty go hand in hand with unprecedented accumulations of
wealth. Much of this wealth, mostly in industrialized nations, derives from the consumption of natural resources
extracted from developing countries. The dispersion in wealth between the rich and poor, which increased
several fold since World War II ended, leads to developing countries over-producing and developed countries
over-consuming in ways harmful to the environment. Thus one problem, the inequitable distribution of wealth,
sits atop another -- the degradation and depletion of our natural resources. And, as the book will explain, the
two are intimately related: Poverty in developing nations is connected with the extraction and export of natural
resources, the overconsumption of fossil fuels, and the destruction of forests and biodiversity for export
markets.
The Program on Information and Resources provided the incubator in which the ideas of the carbon
market, leading to the United Nations Kyoto Protocol, were matured. In 2005, the Kyoto Protocol and its carbon
market became international law. In order to fully appreciate how and why this new international law could
change the world economy, we need to assess the globalization of the world economy after World War II when
an unfortunate pattern of development was created based on ever- increasing exports of natural resources from

developing nations to the rich industrialized nations. The book will propose a new strategy for economic
development that can alleviate both global poverty and environmental problems worldwide.8
For historical reasons, in developing nations, resources are often held as common property, the property
of the people – for example the ownership of petroleum in Mexico, Ecuador, Brazil, and of rainforest lands in
Indonesia, Peru, Ecuador and Brazil -- while in the industrialized nations these are privately owned resources.
This has lead to the over-extraction and exportation of resources in the poorer nations and over-consumption in
the richer ones. Consider these examples: In the 1960s, the Charles River, which runs between Cambridge and
Boston Massachusetts, a public resource, was used to dispose of industrial residues and became so full of oil
that, on occasion, it caught fire. The Colorado River is another common or public resource overused for private
gain for decades by California’s agricultural industry and others and it is now identified as the most threatened
river in the U.S. These rivers reveal how we tend to treat common, as opposed to private, property. Businesses,
industries, corporations, and the general public tend to misuse a common resource that they do not pay for.
Businesses and individuals assume that the impact of their activity does not matter, that it is minor relative to
overall use. The result is a pattern of overuse of natural resources and environmental destruction that, in the end,
damages society as a whole, as well as each of us individually.
When resources are privately owned, they are treated quite differently. Private lakes and private forests
are used more judiciously as their owners take into account the final cost to their property of restocking or
replenishing the resource. In Texas, for example, where petroleum is private property, the depreciation of the
asset – the petroleum under the ground - is always taken into account when computing the true costs of
extraction, and when accounting for profits from the sale of petroleum for tax purposes. In contrast, the use of
common property leads to artificially low costs of extraction, because the true costs (depreciation of the asset,
restocking costs of trees) are not taken into account. The artificially low costs of extraction of common property
resources encourage excessive extraction. Unless regulation is imposed for the protection of common
resources--individuals, corporations, and local governments will deplete the resource without thoughts of the
8
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cost and the damages. This is the classic “tragedy of the commons” that has been identified and is well
recognized9. In economic terms, the artificially low cost of common property creates a false illusion of
comparative advantage, since it appears that resources are less expensive than they really are.

This book examines this same problem at the global level, what I refer to as “the global tragedy of the
commons,” which stems from the fact that, for historical reasons, developing nations hold natural resources
mostly as common property, which leads to more extraction and more buying and selling of their natural
resources. Examples are precious woods from Indonesia’s forests and petroleum from commonly owned
deposits in Ecuador Mexico and Nigeria where fossil fuels are commonly owned resources.
In the U.S., the waters of the Colorado were a common resource free to California farmers who could
produce cheap produce. It appeared that California, originally a desert, had a comparative advantage in
agricultural production. In reality, such production imposed a cost not reflected in the market cost of goods. A
similar situation exists today in developing nations who, it is incorrectly assumed, hold comparative advantages
in the trade of these goods. They do not. The resulting exchanges are inefficient as they yield artificially low
resource prices on the world markets, resulting in the over-exploitation of resources and their over-consumption
in developed societies.
For example, nations such as Ecuador over-extract petroleum from forests without a true regard for the
cost of extraction as petroleum is a common resource. This destructive process, which favors the developed
nations that import the resources, is magnified by a voracious international appetite for inexpensive natural
resources to fuel industrialization and the attendant consumption. World markets have grown twenty - seven
fold in volume since 1950, three times faster than the world’s output growth, thereby increasing exports and the
connections among nations through trade and increasing globalization.10 During this process, industrial nations
have over-consumed natural resources such as petroleum and wood products produced by developing nations
and imported at bargain prices. Eventually this has resulted in nations such as the U.S. consuming 26% of the
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world’s petroleum and emitting, correspondingly, 25% of the world’s carbon, even though the U.S. constitutes
less than 4% of the world’s population.

The situation places developing countries in a position from which they find it difficult to extricate
themselves – an overreliance on sectors such as wood products and exports of petroleum and other raw
materials in a world where the overwhelming amount of economic growth is in industrial sectors, rather than in
agriculture or in sectors based on natural resources. Developing nations receive below market prices for their
troubles and remain underdeveloped. The dilemma contributes to a persistent, self-defeating cycle of poverty in
many developing nations– and creates an increasing wealth gap between the industrial nations that can grow
fast based on cheap imports of food, wood and petroleum, and the developing nations that export these products
at low prices. At the same time, the situation contributes to a massive, irresponsible, use of natural resources
such as fossil fuels that are the basis for the climate change crisis that we face today.11 The resulting global
divide is at the core of the present global environmental problems we face. The problems of poverty and the
environment must be treated together if either is to be solved.
A practical example that has caught the attention and the imagination of the international community is
the Yasuni Initiative led by President Rafael Correa of Ecuador. Ecuador, a strikingly beautiful nation in the
Northwest of South America, contains about two percent of the immense Amazon forest that provides 20% of
the oxygen of the planet and is home to almost 50% of the world’s 10 million species. About 60% of Ecuador’s
population is indigenous and relies on the Amazon forest for livelihood. Petroleum represents 60% of the
exports of Ecuador, and is extracted from the same Amazon area.

In 2007, President Correa presented to the United Nations General Assembly the Yasuni Initiative, a
proposal that grew out of the opposition by Ecuador’s indigenous population to the destruction of the Amazon
forest for the extraction and export of petroleum by multinational oil companies. The Yasuni National Park is is
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an area of 9,820 square kilometers between the Napo and Curaray rivers in Amazonian Ecuador, and it is the
home to some of the most precious biodiversity reserves in the world. It was designated a UNESCO Biosphere
Reserve in 1989. It is also the claimed ancestral territory of the Huaorani indigenous people, and is home to
several tribes including the Tagaeri and the Taromename. The Yasuni Park is primarily a rain forest and
arguably the most biologically diverse spot on Earth, a center of a small zone where amphibian, bird, mammal,
and plant diversity reach their maximum levels within the Western Hemisphere. Yet Yasuní sits atop a huge oil
reserve. The market value for Ecuador of this oil reserve exceeds $5Bn12. As a result the Yasuni National Park
is threatened by oil extraction and the deforestation, illegal logging, and unsustainable hunting that accompany
oil - access routes.

There has been an extensive controversy over the construction of “oil roads” by Texaco for the
exploitation and production of petroleum within the park. Correa set about to resolve it creatively: Under his
Yasuni ITT Initiative proposal, the Yasuni’s Ishpingo, Tiputini, and Rambococha (ITT) oil fields would remain
untapped in exchange for compensation from the international community for the benefits it receives from the
park and the revenue lost by Ecuador if the land remains unexploited. (Correa seeks at least 50% of the profits
that Ecuador would receive were it to exploit the reserves.)
I documented this situation in 1994, well before the Yasuni Intiative was created13. I learned that, as is
the case in many other oil-rich developing nations, roughly half of Ecuador lives in poverty. Understandably,
the government is tempted to exploit the oil of Yasuní and allow international corporations to expand the
revenue from oil exports. Oil revenues allow Ecuador to develop the economy and, to a certain extent, can
create economic growth and help feed the population despite the negative global impacts they have on the
environment. This is a tradeoff that industrialized countries have faced at a similar stage of their economic
development. The conflict between Basic Needs and resource exports is as acute as it is cruel.
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In the case of Ecuador, the lion’s share of the nations’ export comes from petroleum sales but the majority of its
people enjoy no benefit from these exports since the exploitation is done by foreign companies and the money
obtained goes to a small minority that invests and works in the oil sector. The situation is worst of all for the
indigenous communities of the Ecuadorian Amazon. Many live directly from the products of the forest that is
being systematically destroyed by the extraction of petroleum. Two communities in the Biosphere Reserve live
in voluntary isolation much as their ancestors have lived for thousands of years. What will be their fate if oil
extraction and development increases? My 1994 article in the America Economic Review14 explained the case
of Ecuador and the damages to the global environment as a special case of the ‘global tragedy of the commons’.

Ecuador’s exports of petroleum are based on a pool of commonly owned natural resources, the petroleum under
the Amazon forest where Yasuni Park is located. The resource is generally undervalued, over –extracted, and
sold below its costs to a voracious international market. The land in question is common property – the Yasuni
National Park -- and the government of Ecuador must decide how to exploit it, but local citizens and businesses,
under the pressures of economic stress, may choose alternatives that do not server their interests. It is natural
that, under these conditions, natural resources such as the Yasuni Park end up overexploited, undervalued and
eventually destroyed, and the products extracted from the Park – the petroleum -- wind up being sold to a
voracious international market at low cost.

The Yasuni Initiative is an effort by the government of Ecuador to meet the needs of its indigenous people,
satisfy the basic needs of its population, and find a way to correct this destructive situation with respect to a
precious resource. How can this be achieved? If the value of the Yasuni forest could be realized without
destroying it, if conserving its precious biodiversity resources could attract real dollars and cents for the people
of Ecuador, there would be no incentive to build oil-roads, there would be no reason to extract petroleum nor to
destroy the forest. The Yasuni forest provides important ‘externalities’ to the world, most notably, oxygen, as
well as services that are valuable to many but do not have market prices. (The Amazon Forest is the origin of
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valuable, unique medicines; its vegetation can absorb carbon and stabilize the global climate.) This is why
President Corrrea believes that the world should pay for keeping Yasuni intact. It provides a service to the entire
world.

The payment asked of the international community by President Correa could replace the oil revenue that
Ecuador needs and save Yasuni. But his solution, while imaginative and interesting in many ways, is difficult to
achieve. It is not easy to explain why the international community should pay, or to decide how much. In
practical terms, even if the nations of the world’s businesses and its people want to help, it seems difficult to
implement the payments required. It is not easy to find a price that seems fair and to decide who should and
who should not pay. Even if Yasuni Park was saved – what about all the other forests that need saving around
the world? Could the Yasuni solution be replicated all over the world? While it may be possible and even
desirable, it does not seem practical.

The cost that carbon emissions can inflict upon the world through climate change is potentially so enormous
that Sir Nicholas Stern has called it “the largest externality in the history of the world”. Ten years before the
Yasuni Initiative came up, in 1997, we were assessing the carbon situation and came up with a relatively
simple, workable solution that has some points of similarity with President Correa’s proposal and achieves the
same general goals of avoiding environmental destruction through a system of payments: the carbon market.

Here is how the carbon market works. Through the Kyoto Protocol, nations are given legal limits on the amount
of carbon they can emit into the atmosphere. Each nation has the right to emit a certain amount of carbon, and
no more. Yet those who go above their quotas can buy rights to emit, provided someone who is below their
quota is willing to sell their rights – so the total remains capped. This way the total emitted is always lower than
was before. That is it.

G. Chichilnisky “North South Trade and the Global Environment” American Economic Review 1994.
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There is a really simple way to visualize how this works. Say we limit the number of garbage bags that people
can put out each week. Each person can put out at most two bags per week, and no more. However, on a given
week, someone wants to put out three bags and a neighbor is putting out only one bag: that person can pay the
neighbor to use his extra rights so that, in total, the two put out a total of four bags as allowed. The total amount
of garbage is still the same, but the person who puts out more garbage has to pay the person who puts out less.
Reducing garbage is compensated, and there is a penalty for putting out more garbage. This provides an
economic incentive to develop a new technology – garbage compression - to reduce the bags of garbage one
puts out. And the market decides the price for each extra bag of garbage. This resolves the problem at hand. It
is, in a nutshell, how the carbon market operates.

In our case, if Ecuador cleans the planet’s atmosphere it will receive payment from nations putting out too much
carbon, namely the industrial nations, and—as President Correa envisioned receive a payment for the
environmental value it provides to the planet. This book shows systematically how this can be achieved for the
world as a whole, how the carbon market and similar markets for biodiversity and for water could overcome
global environmental problems that we face today – climate change, biodiversity destruction and water scarcity.
At the same time we create a new type of market – like the carbon market – that never existed before, and this
changes market values that provide direction to capitalism. It can create green capitalism.

Approximately 80% of humanity lives in the developing world, namely in nations that are still largely
agricultural and have not gone through or completed their industrial revolution. China, for example, is part of
the developing world because about 40% of its economy is made of agriculture, and so is India. In the U.S., by
contrast, agriculture is less than 3% of the economy. The developing world includes South America and Africa,
and many island nations. Industrial nations, on the other hand, are those who have completed their industrial
revolution, the richest nations on earth. Industrial nations house only 20% of the world’s population.

We now know that industrialization is very resource intensive. Developing nations who have not yet
industrialized have not yet consumed their natural resources as extensively as industrialized nations and their
inhabitants still live often amidst valuable natural resources, like Ecuador does. It has been said that the
introduction of private property rights marks the transition to industrialization. We already mentioned that
common property leads to overuse and often destruction of the resource and this is generally referred to as the
“tragedy of the commons”15 International trade magnifies this effect, as it offers a much larger voracious market
for the nation’s low cost resources. Indeed, the overexploitation of resources across the world was intensified in
the period since WWII when most globalization occurred and when international markets grew three times
faster than the global economy as a whole. This led to “the global tragedy of the commons.” It is a market
failure on an unprecedented global scale that was magnified by a voracious international market enabled, in
great measure, by the Bretton Woods institutions created after World War II.
The role of globalization in magnifying the problem is visible in a nation such as Ecuador: the traditional
methods that once controlled the use of common resources within Ecuador – for example a tribe’s customs in
restricting forest destruction and therefore providing a solution to the `tragedy of the commons’ – are no longer
viable when a tribes faces a global society. Indigenous institutions may be very well geared to conserve
resources, but they cannot be expected to control international oil firms. In Ecuador the destruction of the forest
for the exploitation oil resources occurs often on a ‘first come first serve’ basis. The first oil company that
comes around is able to explore and extract the petroleum. Tribes are unable to stop this process. The “open
access” process clashes with the pressures of poverty. Texaco, for example, can bring business and economic
development to Ecuador, but the exports of petroleum may only favor some of the sectors of the local economy
with the majority of the population being left behind often in abject poverty and worse off than they were
initially. This situation extends to all developing nations – which are called the ‘South’ because of their
geographical location in the planet. The over-consumption of petroleum by the industrial nations - also called
the ‘North’ – is fed by over-extraction in the developing nations – called the South and it has created a global
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environmental disaster. The overuse of fossil fuels lead to carbon emissions that can undermine the planet’s
atmosphere and the stability of the world’s climate.

I examined the problem in detail while acting as a U.S. Lead author of the Intergovernmental Panel of Climate
Change that won the Nobel Peace Prize in 2007, and suggested the carbon market as a solution working with
Ambassador Estrada (as its second reference), and representatives of the OECD and the U.S. administration. I
designed the carbon market as a solution to this problem. By request of the French Delegation, I drafted the
language that launched the carbon market and wrote it as part of the newly created Kyoto Protocol in December
17, 1997.
The design of the carbon market was rather novel and was initially controversial. The book will elaborate on
how the carbon market works and to what extent and how it resolves the problem of Yasuni. It provides also an
evolution of economic thinking that rectifies the effects of the common ownership of resources in developing
nations that causes the so called ‘externalities’ – namely the missing private property rights on resources within
poor nations. The way it works is by imposing limitations on the nations’ use of the planet’s atmosphere, and
establishing a system whereby each nation possesses global, transferable rights to its own resources. The
ultimate goal is to achieve lower emissions of CO2 emissions and economic benefits for smaller, developing
nations that correct the ‘global tragedy of the commons’ that is the cause of global poverty. After dramatic ups
and downs, the carbon market finally became international law in 2005 with the ratification by Russia of the
Kyoto Protocol16

In any case, the results from the carbon market have been have been both remarkable and measurable.
Outstanding among them are the US$50 billion in transfers from the developed to developing nations through
the Clean Development Mechanism (CDM) of the Kyoto Protocol, which rewards clean private projects in poor
nations. The CDM measures the carbon reduction of a given project below “baseline levels” and provides
carbon ‘credits’ to projects in developing nations’ soil that have investment from industrial nations, and reduce
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carbon emissions. The investors can cash those credits in the carbon market, thus rewarding environmentally
friendly investment in developing nations.17

Since 2005 CDM projects decreased emissions by the equivalent of 20% of the emissions, and by 2012, the
carbon market was already trading $215Bn/year at the EU Emissions Trading System (EUETS) in Brussels.
This means that during 2012 those who over-emit have paid $215 billion to those who under-emit. Since the
world amount of emissions is lowered by the Kyoto Protocol, eventually as the US joins most existing nations
that already ratified it, this will decrease carbon emissions globally. As a by-product, this will also decrease
fossil fuel resource exports from developing nations, will increase the price paid for those resources, and
eventually will correct the global tragedy of the commons.

Kyoto Protocol emissions limits are now valid until 2015, and by 2020 a new global mandate for the Kyoto
Protocol has been mandated by the UNFCCC. The Kyoto provisions will be assured a continuation into the
future, involving all nations in the world by 2020. The carbon market of the Kyoto Protocol has created a way
to encourage environmentally sound economic growth by compensating those nations that help clean the
planet’s atmosphere. And by doing so with a market instrument that fits our capitalistic world and which
encourages profits as a way to green capitalism. Any eulogy to markets requires qualification. Markets are a
tool and not a goal. A hazard of interdisciplinary conversation is that we often confuse tools with goals. The
goal is to live within a global limit on CO2 emissions, which, in turn, can be decomposed into national limits.
Markets can be used to send signals to best implement these limits. The global limits come from physics, and
perhaps through new economic institutions as advocated here we will become more sensitized to the physical
limits of the Earth’s resources. The market is the vehicle that helps us to get there, but the final goal is for us to
choose.
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The Kyoto Protocol and similar markets must implement out notion of where we want to go – the limits on
carbon emissions for our planet, the limits on the use of scarce water and in the destruction of the earth’s sea
and land life. These limits are our values. Creating markets to trade our rights within those values is a helpful
way to get from here to there. Green markets provide a good way to travel the path to the new green capitalism.
The carbon market is a useful tool for allocating scarce quantities of allowable CO2 emissions through prices.
And why prices, you may ask? Why impose a global market on an otherwise simple initiative? The answer is
obvious. The price mechanism enables compensation for continued avoidance of CO2 emissions. In penalizes
the over-users and rewards innovation and a safe use of the world’s resources.

How can green capitalism help to overcome the global wealth divide that we showed is at the core of the
environmental problems of our times? How does it all work? It is well known that the global wealth divide has
achieved tragic proportions. One out of six of the world’s people are living below the level of satisfaction of
basic needs required for their survival and for their integration into their own societies. Over fifty percent of the
world’s population lives on the brink of survival with less than $2 per day.
The presumed competition between the goals of poverty reduction, environmental clean up, and
economic growth have been the bugaboo of genuine progress. It has become economic dictum to believe that
we are unable to eradicate poverty or clean up the world without simultaneously undermining economic growth.
Any time policy considerations are made to help the poor or improve the environment, we reflexively think of
the dilemmas presented as zero sum games: if we give up something, we necessarily lose something as well.
Or, to put it more bluntly, if we make someone else better off, we will make ourselves economically worse off.
But, I suggest, if we were better gardeners of our plot, we could all benefit, rich and poor -- with more than
enough to go around. This is the foundation of a new form of capitalism that is discussed at the end of the
book.

A glimmer of hope is on the horizon. The U.N. Environment Program estimates that investment in low
greenhouse energy will reach $1.9 trillion by 2020.18 The current financial crisis will slow this trend – but the
investment in clean energy itself will help overcome the financial crisis. The resulting funds can be seen as
‘seed money for a wholesale reconfiguration of global industry’.19 In the U.S., the Silicon Valley has been
pouring money into new renewable energy and fuel- efficient technologies that already make up 18% of its
venture capital investment. In China, green investments are expected to grow from $170 million in 2005 to $49
billion in 2010.20 All this resurgence in clean energy is directly related to the United Nations Kyoto Protocol
and its carbon market, which created emissions limits and market mechanisms to achieve them: the first
international agreement to achieve this objective, ever.

Chapter I
A human dominated world
Humans and their close genetic relatives have lived on earth for several million years. Yet only recently
have we begun to alter the atmosphere of the planet and its bodies of water, and change the complex web of
species on earth faster than our own species can adapt to the sea change we are creating. For the first time in
history, humans dominate the planet and we are creating new challenges for our species.
In geological terms, we are newcomers. Our closest genetic relatives, the hominids, branched out only 6
to 7 million years ago. More to the point, homo sapiens appeared only in the last 150,000 years, a mere blink on
the planet’s 4 billion year timeline.21 Within this brief period, however, we started to flex our global muscles
and to change major natural processes.

Source: UN Secretary General Ban Ki Moon: “What the World Needs is a Green New Deal” San Francisco Chronicle
Wednesday November 26, 2008, p. B11.
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Figure 1.1—
“Time Scale of Life on Earth”—from Des Marais (2000) “When did Photosynthesis emerge on Earth?”
Science 289 5485, 1703 – 05.
In many ways, we have benefited from the changes. On the whole, our life expectancy and living
standards have greatly improved, more than doubling our life span in the last century.22 But at the same time,
change carries enormous risks. The burning of fossil fuels to provide for our energy needs creates the emission
of carbon dioxide (CO2) which alters the composition of the atmosphere and increases the planet’s temperature
in potentially catastrophic ways. The dangers posed by global climate change compare with the risks of a global
nuclear disaster. They range from floods, hurricanes, tornadoes and typhoons to widespread desertification of
heavily settled lands and rise in sea levels that threatens the livelihood of hundreds of millions of people in
countries exposed to coastal areas that will soon be under the seas. Alaska is already sinking under the ocean,
and cities in Florida, such as Miami, and Shanghai in China, face the risk of US$3.7 trillion and US$ 2.3 trillion
in real estate losses, respectively.23 Indeed 40% of the US population lives within 45 miles from the coast, and

According to Thomson Prentice in “Health History and Hard Choices: Funding Dilemmas in a Fast Changing World” World Health
Organization August 2008, in 1900 life expectancy globally was 31 years and below 50 years in advanced nations, by the mid 20th century it
increased to 48 years, and in 2005, it is 65.6 years and over 80 in some advanced countries,
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According to a report released by the Executive Director of the OECD in Paris, 2007,

is potentially vulnerable to sea level changes.24 Unless engineering feats estimated to cost trillions of dollars are
achieved, chains of islands and entire nations like Bangladesh and the Maldives.

http://www.oecd.org/dataoecd/16/10/39721444.pdf
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Center for International Earth Science Information Network (CIESIN) Columbia University 2007. National Aggregates of Geospatial
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Figures 1.2f & 1.2g—Millennium Ecosystem Assessment

Humans are causing equally dramatic changes to the world’s biodiversity and to its water mass, which
covers about 70% of the planet’s surface. Under pressure from human settlements and our relentless economic
activity, species are dying out in numbers that biologists rank as one of the world’s greatest mass extinctions.
The UN Millennium Ecosystem Assessment finds that species are becoming extinct at rates up to 1,000 times
faster than that shown in the fossil record.25 The speed of extinction today is comparable only with the period 65
million years ago when the great dinosaurs disappeared from the face of the planet. In just 150,000 years, homo
sapiens have become a major geological and biological force.

Figure 1.3—Mass Extinctions, Millennium Ecosystem Assessment 2005. Ecosystems and Human WellBeing Synthesis
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Domination of the globe is a double - edged sword. Strength can turn into weakness. A dominant species
can become vulnerable as evidenced by fossils from other geophysical periods. From the birth of the microbe
to the present, our world has seen a succession of conquerors -- each with their unique attributes and staying
power. Cyanobacteria domination created the planet’s oxygen rich atmosphere that perpetuates human life.26
But the Earth has never seen a species that has so thoroughly and rapidly altered its own environment to its own
detriment. As we come dominate the planet, paradoxically, we become vulnerable to the global environmental
risks that we ourselves create in asserting our domination. In the process of controlling nature, we create critical
risks for ourselves that have severe outcomes for us and other inhabitants. Nuclear winter, global warming,
ozone holes, biodiversity destruction, and chemical warfare are all children of modern technology that present
formidable institutional challenges to society.
The speed of change is a risk in itself. The risks we create are not well understood, and our bodies are
not yet built to defend against them. Science is still uncertain about global environmental issues. But the risks
are real; a probability of catastrophe is undeniable.
Box 1A
How did we achieve the exalted status of a planetary force? Like the microbes, we evolved by unifying into
progressively larger groups. But there is a difference. In comparison with microbes our numbers are
infinitesimal, and our reproductive cycle is slow and ponderous. Human beings require almost 20 years to
become independent adults, slowing down our ability to adapt through natural evolution. Our distinguishing
feature is instead our social organization. Humans are pack animals, like dogs and wolves. We organize to find
safety in numbers. Properly organized, larger groups are better able to deal with natural threats. By organizing
into social groups we managed to defeat our worst natural predators and to overcome many environmental risks.
In addition, by sharing these risks we were able to diffuse them over increasingly larger populations. For
example emergency food aid in Africa has prevented starvation in times of draughts, and today’s movement of
human groups away from Alaska prevents the drowning of entire towns.
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Our heritage as social beings and our economic organization into larger groups has enabled us to thrive.
The economics of human organization are straightforward. We form a collective and through use of energy we
extract and distribute resources among the members of the group. Our species became increasingly effective at
doing so by organizing into increasingly large collectives. Historical data supports this view. After the hunters
and gatherer societies, we started to congregate in much larger and powerful groups when we learned to
organize the production of food. At this point, we ceased to move around in small packs foraging for food as
nomads. When we learned to cultivate food and domesticate animals, we were able to live in fixed settlements
for the purpose of preparing and managing the soil, and harvesting and distributing the results of our efforts
among the group. Our groups greatly increased in size with new innovations.
In economic terms, this first economic transition from wanderers to settlers is called the Agricultural
Revolution27. It marks the point when we put down roots and goods were distributed in the markets of new
cities and towns. The next radical economic change was the development of new mechanical devices and
machines in the Industrial Revolution that allowed phenomenal increases in human productivity. Very few
people were needed to produce the food required for the survival of the group and human settlements became
increasingly large cities and towns. Today about 1%28 of GDP is attributable to agricultural goods in
industrialized countries while in agrarian societies, such as India, China and South America, the proportion of
GDP is about 14% -- and requires 30 to 50% of the labor force.29
The mechanical devices and machines, particularly the creation of the steam engine in 1698,30 hastened
the rise of new industrial cities, some of which now include tens of millions of people. Nations are a recent
creation; they emerged to protect the cities from outsiders. And the explosive increase in the size of human
groups continues today; groups are increasingly connected, giving the term "globalization" a historically unique
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Figure 3.4, Agricultural Sector as a Proportion of the Entire World Economy, World Bank 2004 Data
In Bolivia, India and China agriculture is 10%, 18.1% and 10.1% of GDP respectively. 32% of the labor force in Bolivia works in
agriculture, 1.383 million , 52% in India 253.5 million, and 37% in China, 299.5 million people, CIA World Factbook.
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meaning.31 As we build global communication tools we blur the meaning of cities, and we are gradually
forming a global network in which we share information and respond to each other electronically. The global
society – the connected union of all nations and peoples that communicate and trade with each other contains
today about 7 billion people and is expected to reach the 10 billion mark early this century.
Evidence of the speed and the acceleration by which humans started congregating into progressively
larger groups is provided by the change in size of human settlements since last century. In a relatively short
period of time, the number of humans on the planet and the size of the largest human settlements increased
dramatically: at the beginning of the 20th century there were 1.65 billion people on the planet32 and the largest
human settlements were no larger than 6,480,000 million people (London).33 Today there are over 7 billion
people on the planet and the largest cities in the world (Tokyo, Guangzhou, and Jakarta) are populated by about
25.3 to 34.5 million people.34

Figure 1.4—Number of Urban Centers with more than 1 million people, World Urbanization Prospects,
the 2011 Revision
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Globalization at this scale, with 6 billion humans on the planet, is a new historical phenomenon. In addition to acquiring a global presence
through numbers, globalization can be measured by the proportion of world GDP that is involved in international trade. The larger is the proportion
of GDP that is involved in international trade, the larger is the globalization of the world. The same is true for nations: the larger is the percentage of
their economy that is connected with international markets, the larger is their globalization.
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With such a rapid pace of growth – which continues to accelerate-- it is not surprising that the nature of
the risks we face has itself changed dramatically. In 1900, reptiles, bears, wolves and lions threatened our lives
and our children. Fairy tales such as Red Riding Hood, Big Foot, and the Lochness Monster were genuine
sources of dread as we wandered into the wilderness. However, a hundred years later, most of our predators
have been killed off and the rest have receded into smaller confined areas. Fear, that ancient emotion, is still
with us but the objects of our fear are different now. It is us.
The tables are slowly turning. After defeating our predators, and in that sense taming and harnessing
nature, we find that we have become our own biggest problem. The rapid and unpredictable nature of the
change that we are creating in the world’s ecosystems is difficult for us to understand and adapt to: there is too
much happening too fast.
Through biodiversity and ecosystem destruction35 we are creating new and frightening risks -- including
a myriad of new microorganisms such as Ebola and the HIV virus, avian flue, and antibiotic resistant bacteria
that we do not understand, many of which have migrated from their natural animal hosts, such as primates, to
humans, and for which that our bodies have no natural defenses. It is not clear whether our scientific tools or coevolutionary forces will react quickly enough to save us if a major threat spreads around the globe.
It is interesting to note that past major extinctions seem to have been precipitated by climate change, or
other forms of environmental transformation. This includes the transformations produced by astral bodies
colliding with earth about 65 million years ago (figure below) when the mighty dinosaurs disappeared, due to
the rousing clouds of dust that blocked the life-giving solar light from reaching the planet's surface, and ice ages
that radically altered habitats and migration routes.
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Figure 1.8—Hallam, A. and Wignall, P.B. Mass Extinctions and their aftermath. Oxford, Oxford
University Press
There is an inescapable connection between environmental change and extinction, as shown by the
graph in Figure 1.8. Viewed in this context, the atmospheric changes that we are causing and experiencing
today ought not be taken lightly. Nor can it be taken for granted that humankind can find solutions on a time
scale that matters. The dramatic increase of carbon dioxide (CO2) in the atmosphere in the last century is one
significant change; another is the destruction, through the emission of Chlorofluorocarbons (CFC’s), of the
Earth’s protective ozone layer.
Whatever the eventual environmental threat that confronts us, it is likely that we will be the cause –
directly or indirectly. Carbon emissions, Clorofluorocarbons that create holes in our protective ozone layer
(CFCs), and the recent massive ecosystem destruction and species extinctions during the last century have one
thing in common: they originate from human economic activity. They derive from our economic activities in
using the Earth’s resources and transforming them so they are fit for human use and consumption. Yet, unlike
our extinct predecessors, we may be capable of finding solutions.

In trying to find solutions, the first difficulty one encounters is that the problems are so new and
different that we do not even know how to measure them, let alone how to resolve them. For example, there are
at least 10 different ways to measure global changes in temperature, some of them measuring average

temperature on the globe as a whole, and others measuring more temperatures regionally. Some scientists
believe that one should measure volatility of temperature changes rather than only changes on the average.
Similarly, there are literally hundreds of ways to measure the planet’s biodiversity: indeed, there is no
agreement today on a unique way to measure biodiversity destruction. It is true that we have developed
powerful scientific tools, but these tools are relatively primitive, and do not sufficiently cover the range of
effects associated with the new environmental problems we are creating.
A second related difficulty is that environmental problems and measurements require us to work
effectively across disciplines and scientific boundaries. Historically, however, science is compartmentalized
into somewhat rigid disciplines, and the tendency towards specialization has been extremely productive in the
advancement of science. However global environmental problems defy the existing barriers between the
sciences, and specialization does not work. Indeed, there is a great scientific divide between the physical and the
social sciences, and global environmental problems fall precisely between both. For example, the emissions of
CFCs that are the cause of ozone loss can only be measured and observed by atmospheric scientists, chemists
and physicists, and the effects of CFCs on ozone depletion are measured by the physical sciences. However,
physical sciences cannot observe or measure the causes of these emissions. They come from human activity, in
the business decisions involved in production of refrigeration and air conditioning units. The decisions are
made by business people, and depend on economic considerations such as supply and demand. The causes are
social but the effects are physical. A traditional scientific tool used to identify and resolve a problem – finding a
connection between cause and effect – does not work in these cases, since each falls in a separate discipline that
have unique spheres of influence.
As a result of this situation, economists who do not observe or measure the physical effects
underestimate them, because they fail to capture the physical effects that fall outside the disciplinary purview
and cannot be measured in terms of the usual economic tools such as national income, money supply or price
changes. There are no measures to detect in economic terms effects such as the impact of losses of water
sources, since water is still on the whole a free good and not part of the market economy. There are no measures
to detect the value of the loss of biodiversity, since we do not count the economic value of birds, wild animals,

or microbes as part of national product. Conversely, the physicists who can observe the geological changes and
the biologist who observe the biodiversity impacts, are unable to handle the causes of these problems.
An obvious solution is to team people from different disciplines to observe simultaneously the causes
and the effects. But this is easier said than done. Anyone with substantive research experience knows that
interdisciplinary research and policy is a major challenge under the current institutional arrangements in our
universities and research centers that are based on old-fashioned ‘disciplines’. This has been my experience
since the 1970’s, with the creation of the Bariloche team, one of the first interdisciplinary research teams in the
world, which developed a model of the global economy. When the needs are great and the conditions and
incentives are right, there have been tangible instances of interdisciplinary progress.
Ozone destruction is a historic example of how we collectively have been able to identify a new global
environmental problem, find a resolution, and implement it. The United Nation’s accord known as the Montreal
Protocol that was signed on September 197836 was a response to the realization that the planet’s ozone layer
was being pierced by ‘ozone holes’ due to the emission of CFC’s from aerosols that were used for commercial
refrigeration and air conditioning as well as household use. The preparation for the Protocol drew together a
large and disparate set of experts including atmospheric scientists, physicists, economists, and bioscientists.
The ozone layer is critical to human survival, because it screens the worst radiation from the sun: the ultraviolet
radiation, which is a cause of deadly skin cancer.37 This cross disciplinary effort identified causes and effects
and designed a solution – a chemical replacement for the CFC producing chemicals that damage the ozone layer
of the atmosphere - and the political bodies involved were able to gather international support and implement it.
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Without the ozone layer we would be continuously bombarded by enormous life-threatening radiation from the sun.

Figure 1.12—Alternative Fluorocarbon Environmental Acceptability Study
A third critical difficulty in resolving global environmental problems is that they cross national
boundaries and therefore require international cooperation for their resolution. The world is organized around
countries, and decisions are generally left to nations’ governments. But global environmental problems spill
over national borders. For example, what made the ozone problem so difficult is that it is intrinsically cross–
national. German and British coal produces acid rain in Sweden. And, even worse, those nations that are least
responsible for CFC suffered the worst effects of ozone depletion. In economic terms these types of effects, in
which some groups cause the problem but others suffer the effects, are called externalities, and they are
notoriously difficult to resolve because of the lack of incentives of the emitters to stop their emissions. For
example, the data shows that the world’s worst ozone hole is not located where most of the aerosol emissions of
CFCs originate. North America caused most CFC emissions, yet the largest ozone hole in the world is over
Antarctica, near the South Pole. This affects mostly people in Chile and Argentina that are geographically
located in the southernmost areas of the planet, and southern ecosystems such as the Australian coral reefs,
rather than from where the chemical emissions originated in the first place.
Although some of the worst ozone holes persist, the Montreal Protocol succeeded in setting limits on
industrial and domestic CFCs emissions, and eventually achieved a measurable reduction on emissions and

slowed the attendant destruction of the ozone layer. The implementation of the Montreal Protocol was a major
economic challenge because it required international cooperation to change refrigeration technology that was
used in several large industries such as transportation and food production across several nations. As difficult
as the ozone problem is, it is still relatively easy when compared with the many challenges that are posed by
carbon emissions and global climate change.
Global carbon emissions introduce a far more challenging problem. From the scientific point of view,
they intersect with uncertainties about global climate change and its effects, and require an understanding of
some of the most obscure connections between the physical and the social sciences. From the international point
of view they involve major political and economic challenges for the nations of the world.
The planet’s atmosphere contains oxygen as well as CO2 in minute concentrations. When the
concentration of CO2 increases, the atmosphere acts as a ‘blanket’ that traps the sunrays’ radiation, which can’t
easily escape. Global temperatures therefore increase. This is the now familiar “greenhouse effect” and is
caused by several gases including methane; but CO2 is the most prominent of all the greenhouse gases and is
produced mostly in the industrial nations from burning of fossil fuels, such as coal, petroleum and natural gas.
The scientific problem posed by CO2 emissions is complicated further because minute changes in the
concentration of carbon can have enormous effects on global climate38. Furthermore, it is difficult to ascertain
the degree to which the problem we perceive is part of a natural variation of the planet’s atmosphere caused by
its wobbling around its axis or periodic geological events such as glaciations, whether they are caused by human
action, or both.
Economically speaking, the problem involves the use of energy, the most important economic input of
our times. Most energy in the world today is produced from fossil fuels, about 80% of all energy produced, and
they are the main sources of carbon emissions in the world today. Power plants produce 99% of the world's
electricity, which is 94.6% of the world's energy supply39. The most valuable of these fossil fuels is petroleum.
Petroleum is extracted mostly in developing nations but is consumed mostly in the industrialized nations. It
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represents a clear example of the separation between consumption in the Northern hemisphere’s industrialized
nations and extraction in the Southern hemisphere’s developing nations.

Figure 1.13—IEA Key World Energy Statistics 2011

Energy is implicated in every life process and it is the single most important factor in human production,
particularly in industrial societies. Until the industrial revolution, human energy was the main source of energy
used – but this changed in the Industrial Revolution where machines powered by wood, coal and petroleum
were driven by steam. Across history and across all nations of the world there is a clear and direct connection
between energy use and economic output. A country’s industrial production can be measured from its use of
energy.
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Figures 1.14—2009 & 2008 World Bank data

Therefore any attempt to restrict emissions of CO2 involves reducing the use of energy or changing our
current patterns of production as a whole. Under current conditions, that would mean reducing economic
progress. In February 2006, the British PM Tony Blair stated the issue succinctly:

“The problem…(of decreasing carbon emissions)… is that no nation in the world would voluntarily agree to
reduce its economic growth …”

Tony Blair is right. Trying to reduce global carbon emissions is not an easy political or economic task. It
will take resolve and new approaches. The Executive Director of the International Energy Agency Nobuo
Tanaka said it best in February 2008 when he emphasized that we need an ‘Energy Revolution’ to create new
power plants based on renewable energy, at a cost of $43 trillion40. The challenge is enormous because in all
cases, global environmental problems have international dimensions that require coordination of international
action. But first we must rid ourselves of the debilitating assumption that undermines earnest attempts at
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finding solutions: that by tending to the good Earth we sacrifice economic growth and the prospects of a better
life. There surely is irony in this presumption, but one with which we must contend.
We live in an increasingly polarized world where alarming levels of global poverty coexist with overconsumption of natural resources, mostly in industrial nations. I will argue that this polarization has created
global environmental problems with severe and, perhaps, unalterable consequences for mankind, along with the
tragic global divide that we face. The risks of not recognizing and dealing with this reality range from global
warming, to critical scarcity of drinkable water around the world, and to the systematic deep and irreversible
destruction of species that could anticipate the extinction of ours.
The next chapters show that these global environmental dilemmas are in great measure a direct
consequence of industrialization and an attendant pattern of economic development and trade that the world
economy has embraced since World War II, based on an insatiable use of natural resources and the increasing
international divisions this pattern caused between the industrial and the developing nations.

Yet progress has been made. When tackling the carbon problem, the scientific issues were clarified by
an interdisciplinary group of scientists across the world that included physicists, atmospheric scientists,
biologists, economists, all working as part of the Intergovernmental Panel on Climate Change (IPCC).41 In 1996
the IPCC made the first official statement confirming humans’ impact on the global climate, finding a
‘discernable effect of human carbon emissions on the earth’s climate’.42 The next year, in December 11, 1997,
160 nations voted in favor of the United Nations Kyoto Protocol, which limits global carbon emissions43,
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allowing industrial nations to trade their rights to emit among themselves.44 An additional accomplishment, the
Clean Development Mechanism (CDM) allows industrial nations to obtain credits from investing in clean
energy projects in developing nations. All in all, the Kyoto Protocol created the first economic incentives ever
for clean technologies in industrialized and developing nations.45
The Kyoto Protocol is a global landmark, perhaps the most important international agreement of our
times. It will be the subject of close examination in the rest of this book because it can be a template for how to
overcome environmental issues and the global wealth divide. Together with the Montreal Protocol, this global
Protocols created important precedents for resolving global environmental problems, which will be discussed in
forthcoming chapters..46 The challenge is enormous because in all cases, global environmental problems have
international dimensions that require coordination of international action. But first we must rid ourselves of the
debilitating assumption that undermines earnest attempts at finding solutions: that by tending to the good Earth
we sacrifice economic growth and the prospects of a better life. There surely is irony in this presumption, but
one with which we must contend.
The next chapters show that these global environmental dilemmas are in great measure a direct
consequence of industrialization and an attendant a pattern of economic development and trade that the world
economy has embraced since World War II, based on a voracious use of natural resources and the increasing
global divide this pattern caused between the industrial and the developing nations. I will also propose
solutions that go beyond the global divide.

Chapter II
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Basic Needs and Globalization after World War II

In October 2012, Hurricane Sandy hit the Northeast Coast of the U.S. and brought the entire issue of climate
change into the forefront of our immediate daily lives. Sandy, the largest hurricane on record, came a year after
Hurricane Irene; both unleashed their fury at the end of the warm season in the Caribbean, when water
temperatures reach their peak and turbulence and humidity in the air increase. The warm, unstable air creates
typhoons and hurricanes that move towards colder areas up North, including the East Coast of the U.S. It was
no surprise that these two hurricanes came in early Fall, at the end of the hurricane season, when storms are at
their worst; but the severity and overall scope of the meteorological disturbances were totally unprecedented
and took the U.S. and the entire world by surprise. Hurricane Sandy was comprised of more than 200 miles of
heated rotating air that was visible from aerial photos as it simultaneously attacked several states, including
New Hampshire, Connecticut, New Jersey, and New York. Many observers, including New York’s Mayor
Michael Bloomberg used the disaster to emphasize the reality that climate change, seemingly no longer
disputable, had reached our shores. I was in New York at the time, protected in one of the safest parts of town,
in a neighborhood 30 feet above the level of the sea, but most of the city was flooded. For days, segments of
New York remained under water, without electricity, heat or water. Cars floated in the streets of downtown
Manhattan; businesses were closed and there were little or no government services. Subways flooded, creating
interruptions in most of New York City’s transportation services. For weeks-- even months, for some-- we lived
with the effects and the aftereffects: some areas in Brooklyn and Long Island suffered almost complete
devastation and are currently being rebuilt. But the damage is not the main issue; such destruction, painful
though it may be, is normal after a major weather cataclysm. The issue is what this signals for New York City
in the coming years: climate change promises more volatile and violent weather occurring much more
frequently: storms comparable to Hurricane Sandy may eventually happen every year, even possibly three or
four times a year. The issue is the dramatically increased volatility and frequency of climate disasters. Our
country’s entire organization, economy and governance may, in the near future, be disrupted for months,
eventually ceasing to function effectively. New York’s schools may close intermittently for long stretches;

transportation, the operation of businesses, even law enforcement may be interrupted for several months each
year. How long could New York City survive as a leading metropolitan center under these conditions?
Hurricane Sandy was a wake-up call for the East Coast making international disasters (painful droughts in
Africa, the worst floods in the history of Australia) and events in our own nation (months without rainfall in the
Midwest) feel more immediate and real, harbingers of an uncertain, dangerous future. Sandy demonstrated the
multitude of ways that weather violence and increasing climactic volatility can affect the largest American
cities, drawing all aspects of their lives to a threatening standstill. Sandy and the summer’s other meteorological
aberations were the most ominous confirmations yet of the reality of the kind of drastic climate alteration that
was once considered a debatable circumstance, the hypothesis of questionable experts, an uncertain
prognostication. Suddenly the future seemed visible, right before out eyes as urban food supplies disappeared
rapidly and utilities faltered. A year before, in 2012, for the first time, the U.S. Meteorological Society officially
designated our rapidly different situation as the result of Climate Change. A few years ago, a secret Pentagon
report identified climate change as the most important risk to national security in the U.S.; the report has
recently been released.47 Climate Change is now longer disputable; it is happening. We must understand the
subtleties of how this occurred and what remains in the realm of possibility that might delay or curtail further
damage to our environment. More is possible that some are able to imagine; there remain some reasons for hope
if we grasp what lies behind our dire reality.

The global environmental problems we face today are neither new nor old: most emerged during the last 60
years. What started out as a slow roll toward peril gained momentum with time. During this period, damage to
the world’s biodiversity and fundamental changes in the planet’s atmosphere have accelerated drastically and
today climate change and the loss of biodiversity threaten the basic needs and even the survival of billions of
people about the world. Why did this happen? What happened 60 years ago?
For many years, the favored explanation for the environmental change we were beginning to experience
in the second part of the twentieth century was the rapid increase in human population; this notion was crucial
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to the “Limits to Growth” argument that helped define our sense of the world’s economic picture and which
emerged in MIT in the mid 1970’s.48
There is some merit in the argument’s emphasis on population growth as the dominant factor in
environmental alteration. Clearly, without humans on the planet, we would not be experiencing the current
environmental problems that we are presently confronting. With fewer inhabitants, the Earth’s global
environmental problems would not have emerged to the same degree. According to the “Limits to Growth”
viewpoint, the ultimate solution for global environmental problems would be a radically reduced global
population along with carefully monitored population controls: a disheartening, unpalatable international
solution that would be difficult to implement and well nigh impossible to enforce. There may be other, less
extreme, solutions, but to find them we need to jettison the “Limits to Growth” philosophy and begin to clarify
the less immediate causes of the problem. The overwhelming evidence available now as we attempt to
investigate the reasons for environmental transformation is far removed from the original rationale. It seems
clear today that the global environmental problems magnifying in the last century have not been caused by rapid
population growth. The data shows otherwise. Indeed the regions that consume most of the world’s resources
and cause most global damage to the environment are the less densely populated industrial nations, a truth
longstanding and measurable. With less than 20% of the world’s population, the industrial nations49 have
emitted, and continue to emit, between 60 and 70% of the world’s human carbon emissions50 which reduce
most of the planet’s ozone layer by destroying chlorofluorocarbons, or CFC’s. The industrial nations also
consume most forest and wood products, most minerals, fossil fuels, and foodstuffs.51 United Nations figures
demonstrate that meat production alone puts more greenhouse gases into the atmosphere than the entire global
transportation system ,52 and that meat is mostly consumed in industrial nations.
The facts are conclusive. Table 2.1 shows that there is an inverse relationship between population and
global environmental damage, both historically and currently. Local environmental damage is mostly associated
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with poverty, and born by those who live with it, but the majority of the damage to the global environment is
caused by the industrial nations who are populated by a small proportion of the world’s population and yet
consume most of the world’s output.

Developed
Nations
(OECD)
Developing
Nations

Cumulative
CO2 Emissions
(1990 – 2002)
79.0%

CO2 Emissions
2002

Population
(2002)

GDP (2002)

60%

21.5%

79.2%

21.0%

40%

78.5%

20.8%

Cumulative
CO2 Emissions
(1990-2009)

CO2 Emissions
(2009)

Population
(2009)

GDP (2009)

Developed
Nations
(OECD)

50.10%

41.90%

18.10%

71.70%

Developing
Nations

49.90%

58.10%

81.20%

28.30%

Table 2.1—Emissions, GDP and population in high income and low-income nations, UN Millennium
Development Goals Indicators
The U.S. is a case in point. With less than 4.5% of the world’s population, the U.S. consumes about 23%
of all the petroleum produced in the world.53 By contrast, China—with a population of 1.3 billion, 4 times larger
than the U.S population-- consumes about 12% of the world’s petroleum, one third of the total American
consumption. The average U.S. citizen consumes 4.15 times more energy than his Chinese counterpart.54 On
average, each person in the U.S. consumes about 10 times more energy per unit of output than his or her
counterpart consumes in China.55 The U.S.A. consumes 26 barrels per person per year, while the rest of the
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world consumes 5 barrels per person per year. In total, the U.S. consumes about 90 million barrels of petroleum
per day while the rest of the industrial (OECD) nations consume about half as much, 48 million barrels per
day,56 even though the European Union has 60% more population than the U.S.
GNI per Capita vs. Carbon Emissions per Capita

Figure 2.1a—UNEP Building and Climate Change Report 2007
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Figure 2.1b—US EIA 2010

The situation is quite general and similar across a range of natural resources as the charts above show.
Population is not the cause of global environmental damage. 57
Yet there was indeed a very rapid increase in world’s population in the second part of last century.
Scientists believe that this phenomenon was due mostly to Alexander Fleming’s discovery of penicillin in
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192858 which, as it was propagated globally, led to a major decline in deaths caused by infectious illnesses. The
increased life expectancy led to a rapid increase in the world’s population, particularly in poor nations.59

Figure 2.2—United Nations 1999. “The World at Six Billion.” UN World Urbanization Prospects, 2005
revision.
By the mid 1970’s, the population increase in the developing nations was seen as a ticking bomb that
threatened the world as a whole. The phrase “the population bomb”60 was an apt, though misleading metaphor,
for this view.
At the time, the standard view in international circles was that the rapid increase in the world’s
population was creating dangerous pressure on the world’s resources. In 1971, the Club of Rome produced the
original report entitled Limits to Growth61 which was based on a computerized model of the world economy
and, as previously mentioned, developed at MIT62. The report was credible and widely accepted, which gave its
results a semblance of inevitability. It pointed out that global resources were finite, and simulated possible
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futures for the world economy. In all scenarios, there was a limit to growth because of the lack of availability of
natural resources. Finite natural resources clashed in their model with an exponentially growing population.
Since most of the population growth was in the developing nations, forecasts in the report warned that
developing nations should not/could not develop as this would threaten the viability of the planet, as they came
to consume too many of the earth’s precious resources.
The Limits to Growth report, and the worldview behind it, was deeply threatening to the developing
countries’ natural aspirations for economic progress. It also seemed unfair, as it revealed the overconsumption
by the rich countries, yet drew a conclusion that made the poor nations, the victims, into the villains and, one
might say, the fall guys—the areas delegated to lower standards of living, lesser educations, and poorer, less
satisfying, existences. This prompted a response from the developing nations. In 1972, a multidisciplinary group
of scientists gathered in Fundacion Bariloche, Patagonia, Argentina, to develop a considered response that
would represent the viewpoint of the developing nations in this global debate. What was at stake was no less
that the moral rights of the poor to the use their own share of the world’s resources, and to achieve economic
progress.

In 1972, in my early 20’s, I was called upon to create a mathematical and economic model of the world
economy that became the foundation for deliberations in Bariloche. The computerized model I created tested
the scientific merits of the Limits to Growth model and explored the implications for developing countries
including my home country, Argentina. The goal was to come to recognize the features of the Limits to Growth
model that ultimately presaged limited economic growth for developing nations as it took for granted an
inevitable exhaustion of the world’s resources and the ultimate destruction of humankind. We set out to
examine whether the assumptions that were the model’s foundations were reasonable and, if they were not, to
offer alternatives. I was called home to Argentina after completing my PhD in Mathematics, to produce the
equations for a world economy where developing nations were given the opportunity to grow beyond abject
poverty. It was the first mathematical model of the world economy to be produced by a developing nation.

I decided that, rather than basing the notions of progress and satisfaction on optimizing GDP (the market
value of all the world’s goods and services), our model should focus on the satisfaction of the Basic Needs of
the world’s population. This shift in thinking because the crux of many disputes as no economist at the time
knew how to define the reality of Basic Needs. As the creator of the concept, I considered the satisfaction of
Basic Needs translated into the ability of the world’s citizens to participate in their societies, obtain necessities
such as food and shelter, and participate in successful systems of education, health care and transportation.
These needs I considered the foundation, the requirements that human societies had to achieve in order to
achieve at least a moderate level of satisfaction for their populations. I gave birth to the concept of Basic Needs
– but it was not an easy labor. The mounting opposition to this radically different view of economic priorities
and of economics met with stern opposition even inside the Bariloche Team. Our data expert – economist Juan
Surruil, who later on became a Minister of Economics in Argentina – threatened to resign unless we used
standard GDP concepts of economic performance. Basic Needs, he said – was a word without an economic
meaning – and he could not provide the data for the Bariloche Model if it was to be based on such an unusual
concept. During several tense weeks, I proposed to resign myself if Basic Needs did not become the main focus
of the Bariloche Model. I did not see a reason to reproduce the old GDP- based measures of economic progress.
The notions of the past offered no hope for improvements in the future, particularly for the developing nations.
Eventually, the leaders of the project accepted my view and the notions of Basic Needs won the day. I created a
mathematical measure for Basic Needs – reproduced in my existing publications of that time – and the
Bariloche Model was born. As with any new concept, it met with great admiration but also with major
discomfort. As a result the book reproducing our results was never published in Spanish – the official language
of Argentina where it originated. But it became a best seller in 11 other languages all over the world. When the
model was finished, in 1976, the Bariloche team with me as a leader were invited by the future Nobel Laureate
economist Tjalling Koopmans,63 to the International Institute for Systems Analysis in Vienna Austria to present
it. Koopmans’star student at Yale University, William Nordhaus, heard the presentation and was inspired to
write an impressive article called “Global Modelling from the Bottom Up” – which I still have. Will Nordhaus –

64

Chinas has recently implemented a controversial one child per family policy during a period in which it achieved astonishingly rapid

now a well known environmental economist – wrote that the Bariloche Model was a radical view of economics
focused on the bottom – those who are worst off, the poorest developing nations – while being based on a
cutting edge mathematical view of economics. Almost a contradiction in terms. The Bariloche Model was
indeed the first time that the technology of the most advanced nations – mathematics – was put into service to
advance the lives of those who are the worst off.

This interest has defined my career. Recently, I represented an aborigen group – the Gixtaala First
Nation – whose ancestral home is an island in the West of Canada in their quest to stop the building of a
pipeline that would take Canadian oil through the heart of their native territory to the Pacific for delivery to
China and the U.S. The pipeline could cause accidents that lead to the extinction of their tribe. My entire expert
testimony in Prince Albert Canada –apparently successful - was based on an advanced new theory in
mathematics that I created and presented as a key note plenary speech at the Canadian Mathematical Society in
Montreal. The theory introduced new axioms of probability and statistics to advance the managing of extreme
events or catastrophic risks. My mathematical axioms change the classic mathematics created by Kolmogorov,
Von Neumann, and Arrow. My new axiomatic treatment provides an axiom that requires sensitivity to rare
events, a radical new approach that is in contradiction with standard probability theory, which neglects or denies
catastrophic events. Basic Needs was a mathematical solution to a problem that affected mostly those worst off
in the world as were my later new axioms for risk management figuring in Catastrophic Risks based on the
situation of the the Gitxaala, the poorest of the poor, in Prince Albert Calgary Canada.
The Bariloche Model and its Basic Needs emphasis went directly against conventional wisdom, defying
the underlying assumptions of the Limits to Growth approach which, as explained, measured economic progress
in terms of Gross Domestic Product, or GDP. I considered this model an excessively rigid approach as it
omitted the possibility of adaptive responses to the problem of increasing scarcity of natural resources. It did not
take into account technological change by which we use fewer resources as they become increasingly scarce;

economic progress.

nor did it factor in the possibility that nations would adapt and voluntarily control population growth, both
changes that eventually took place in the world as a whole.64
Now it is clear that any acceptable law of demographics must recognize that that increasing welfare
decreases population growth. Without exception, those regions that attain higher income or welfare levels,
lower their rate of population growth. A limited example is Italy – a nation which is believed to enjoy the
highest level of citizen welfare in the industrial world: Italy’s rate of population growth is now negative, below
the “replacement level”. Correspondingly, as China began the process of industrialization, it successfully
implemented a one -child policy limiting reproduction and achieving a dramatic decrease in population growth.
The World Bank acknowledges that women’s education is the best form of birth control in developing nations
where lower populations create both income growth and increases in general welfare of citizens. This notion
that income growth among the poorest might serve as to help control the world’s population – was totally
foreign to the Limits to Growth approach which favored the continuation of the status quo . Yet it is the very
cornerstone of the Bariloche Model’s use of Basic Needs to control international resource use. As this model
demonstrates, providing or the basic needs of the very poor has a double effect, not only increasing welfare and
income of the population as was done in recent years in Brazil and Ecuador – but also providing adaptive and
voluntary responses that serve unregulated and equitable population control. Basic Needs policies decrease
population growth by utilizing the demographic reality that higher welfare leads to lower reproduction
Correspondingly in nations where Basic Needs are satisfied, more income is shared with fewer people and the
entire nation increases its welfare without increasing its population nor its consumption of natural resources.
Humans did not survive and come to dominate the planet through automatic responses, lack of ingenuity, or an
inability to adapt and survive. Our uncontested ability to adapt lies at the core of the solutions we need right
now to face and overcome dangerous climate change.
The standard measure of growth used in Limits to Growth, GDP, in my view, was not the best way to
measure economic progress; nor did it facilitate progress in developing nations. GDP is, by definition, the
market value of all goods and services produced by an economy – but ‘market value’ may not be the best way

64

Chinas has recently implemented a controversial one child per family policy during a period in which it achieved astonishingly rapid

to measure economic progress. An obvious example of this is the use to American trees in the production of
toilet paper. In terms of market value, such activity would be deemed a great success as toilet paper has market
value – we buy and sell it every day in the market – while a standing tree has no market value as we do not buy
or sell the “services” of trees which include oxygen production, shade, biodiversity, and purifying the
atmosphere. GDP only measures market value – it always gives priority to toilet paper over standing trees.
Using the market value or GDP of all services and goods – as an indicator of economic progress fails to take
into consideration factors that are key to human survival and progress, but have no market value, such as clean
air, biodiversity, or water. More useful for the complicated future was the Basic Needs conceptualization which
accurately depicted behavioral reactions to mounting conditions of scarcity; was more flexible and responsive to
the developing nations’ needs; and that allowed developing nations to contemplate their own futures rather than
uncritically duplicating Western nations’ strategies of industrialization and abiding intensive use of the worlds’
resources.
The new strategy I proposed to the Bariloche team was more adaptive and appropriate for the situation
and needs of the developing nations and of the world economy. In the process of its origination, I created a
different measuring stick for economic progress. 65My intellectual path was rooted in mathematics, as was the
definition of GDP by the British Statistician Richard Stone for the United Nations in the 1950’s. After the
Bariloche Model was created, many studies at the United Nations – the majority at the U.N. Labor Office
(International Labor Office)-- were dedicated to study Basic Needs policies “on the ground.” Case studies for
about 30 nations were completed by a team lead by the British sociologist Mike Hopkins at the ILO.
The Bariloche Model measures economic progress in poor countries by the extent to which citizens’
Basic Needs are satisfied. Basic .66 Specifically, Basic Needs is a measure of the minimum levels of calorie
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consumption, housing, educational requirements, and health services that are appropriate for the effective social
participation of people in their society, given their customs and their geography. The issue of participation in
society is critical to the definition of Basic Needs67. The need for humans to participate in society makes the
concept somewhat dependent on the geographical and the cultural context to which it is applied. In some
contexts, more shelter may be needed than in others, and similarly, different levels of education may be needed
in different circumstances. Initially the measure I proposed elicited resistance from the American- trained
economists on the team because it was a new kind of measuring stick without much precedent to back it up.
Books and articles were dedicated to debate Basic Needs, and to compare this approach to economics with the
market- based measure of economic progress. Within the United Nations, my reputation as a defender of poor
developing nations grew as Basic Needs was recognized as the first concept ever to emerge from a Western
economic theorist that identified people and their welfare as a top priority. Eventually, in 1992, one hundred
and fifty nations at the Rio de Janeiro Earth Summit –voted to accept Basic Needs as the core concept of
economic development. This was the first time that my work created international law. At the same time, at an
international event in Rio de Janeiro, Basic Needs was defined as the core of the concept of sustainable
development that my work helped create, a concept that the Group of 20 G20 has accepted as the main objective
of global economic development. The western academic elite establishment in which I belong never quite
embraced Basic Needs. Western economics is still the economics off markets, of toilet paper rather than trees.
In contrast, the Bariloche Model shows that if the developing nations took the satisfaction of basic needs as
their priority, it would be possible for the world economy to develop without exhausting the world’s resources.
Furthermore, as explained meeting the basic needs of the population is conducive to reducing the rate of
population growth. Poverty actually serves to increase the number of children in a family unit68. When infant
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mortality is high, parents have more children to ensure that some will survive.69 Children can be put to work to
help meet the basic needs of the family, and are often the only form of social security in poor nations where
they are used to help their elderly parents. Indeed in today’s China, by law, children must support their elderly
parents. Satisfying basic needs helps reverse these tradition-based circumstances by improving the social
conditions that lie behind increases in population growth. In concentrating on the satisfaction of basic needs,
therefore, the Bariloche approach potentially had a double benefit: it held out the promise of heightened
economic welfare of the population while, at the same time, decreasing population growth. Simply stated, the
model’s aim is to maximize, in developing nations, consumption per person, which can be simply depicted as a
ratio. Total consumption by the population in various sectors and regions (Europe and USA, USSR, Asia,
Africa, Latin America) is the numerator; the total number of people is the denominator. How is the total
consumption of basic needs of the population assessed numerically? This is done by measuring the number of
calories, the number of basic houses, the health services provided, rather than by the dollar value of these basic
goods. Basic needs’ policies simultaneously increase consumption while decreasing population growth – since
reproduction rates are lower with higher levels of welfare. This achieves therefore the dual goal of reaching
levels of consumption per capita most effectively, and while minimizing the impact on scarce resources. This
appeared to make sense.
Through the use of our revised economic model, we were able to demonstrate that, despite its emphasis
on increased consumption, Basic Needs policies require fewer natural resources because satisfaction of Basic
Needs implies lower population growth leads to the production of goods and services that are less intensive in
natural resources. Data reveal that use of industrial goods to create luxury products in industrial societies lead to
a higher rate of resource consumption that the satisfaction of Basic Needs in less developed nations. Producing
basic housing in a poor developing nation requires fewer resources and less energy use than the construction of
high- rise luxury buildings for fewer people in rich industrial nations. Producing roads and basic public
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transportation such as bicycles and trains involves fewer natural resources and much less energy use than
producing luxury individual vehicles such as expensive cars - Mercedes Benz - and luxury air travel - Concorde
airplanes. In other words: the Bariloche Model showed that satisfying Basic Needs of the poor population
requires fewer natural resources and less energy than producing goods aimed increasing the overall value of
production in a market economy, measured by Gross Domestic Product (GDP). Focusing on GDP ends up
achieving consumption patterns in a poor nation that replicate industrial countries’ consumption inside a
developing nation, such as luxurious cars and toilet paper, because it values only the formal part of the
economy where private property and markets prevail and leaves aside natural resources that are common
property such as standing trees.
The patterns that emerge from optimizing GDP provide very high levels of consumption of goods for a
few, but often at the cost of near starvation for the rest. The computerized forecasts of the Bariloche Model
showed that, with the exception of Africa, which seemed to be on the brink of disaster at the time, all other
major regions in the world could achieve the satisfaction of Basic Needs without exhausting the worlds’
resources. That is, the world economy would continue to develop without sacrificing the individual welfare of
the world’s poor or environmental stability.
In his previously discussed essay, William Nordhaus70 referred to our work.71 as a combination of
radical thinking with traditional economic tools:
“A preview of this (Bariloche) Model was given in a three day meeting in Baden, Austria, hosted by the
International Institute for Applied System Analysis (IIASA) in 1975. The work presented there was a project
prepared by the Fundacion Bariloche, a multidisciplinary group of scholars from Argentina. The most
fascinating aspect of the Bariloche Model is that it s a model about the world economy built from the bottom of
the economic ladder looking up, rather than an elitist model built from the pinnacles of the Cambridge
Massachusetts or England – looking down (or into the future) at world problems. This perspective gives the
model a ring of authenticity. Whereas World Dynamics and the Limits to Growth struck many as basically
computer games, the Bariloche has finally come to grips with the concrete problems of mankind. It is
interesting that in so doing they have combined a radical political philosophy with a traditional set of
techniques.”
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.72spread of the concept of Basic Needs made Basic Needs a reality in many developing nations of Latin
America such as Brazil, Ecuador and Venezuela. It became developing nations’ new alternative to the solutions
of the past. Empirical studies completed by the ILO revealed the feasibility of implementing economic policies
based on the satisfaction of Basic Needs. Several other United Nations organizations, such as the United
Nations’ Department of Economic and Social Affairs in Geneva, and the United Nations Institute for Training
and Research in New York, sponsored a number of international projects aimed at fostering Basic Needs
policies around the world.

In the late 1970s and early 1980s, I led one of these projects advancing basic needs in connection with
international trade and technology. The project was aptly called “Technology Distribution and North-South
Relations.”73 This project postulated a view of technology at the service of the satisfaction of Basic Needs in
developing nations, the poorest of the poor – while previously technology had been viewed as the domain of the
richest nations.
This project explained that technology would eventually be adopted faster in developing nations, that the
idea that we called “leapfrogging” towards a clean technology future was indeed within the reach of the very
poor. This concept was quite revolutionary because it advanced the idea that – for example – Sony, a country
active in developing nations-- would overtake Apple, a U.S. company competing in the same technology space.
It advanced the notion that the cellular phone technology would be popularized faster and more effectively in
poorer nations such as India and in Mexico than in the rich nations such as the USA that have more “technology
baggage” to overcome, for example the established AT&T and Verizon land telephone networks.
Ideas rule the world. This may not be an American view, but it is the truth. For example, the Clean
Development Mechanism of the Kyoto Protocol that was created conceptually in the UNITAR Technology and
Basic Needs project I directed in the 1980’s, has now funded $50Bn in clean technology projects in developing
nations and helped China become the leading world exporter of clean technology equipment – originated in the
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technology and North South Relations concepts in this project. The research from this project added an aspect
that was missing in the original Bariloche Model. It explored the complex connections between the goals related
to basic needs and the international market, particularly international trade policies in developing nations that
are focused on the exports on raw materials and natural resources such as petroleum or forest products This
early research on economic development and North - South trade was a precursor to this book.
The concept of Basic Needs was at the roots of Amartya Sen’s concept of ‘entitlements’ that he
introduced later on in 1981,74 a concept that advocates the satisfaction of basic needs (which he calls
“entitlements”) as the foundation of a modern economy, for which he is widely known, which reflects in much
of the work for which he was awarded the Nobel Prize in Economics in 199875. Indeed, Amartya Sen
emphasized in 1981, as part of his work on historical famines, that for a better understanding of the problems of
survival, one must recognize that for a consumer can only survive he or she can afford to purchase what is
needed for his or her basic needs - such as food and shelter – measured in market prices. Amartya Sen viewed
the market prices of ‘necessities’ as critical to determining whether a population would survive in a famine. .76
The concept of Basic Needs also has relatives in Philosophy. For example, the essential idea behind
development strategies that raise the living standards of the worst off isconsistent with the welfare criterion
introduced by John Rawls in his classic work A Theory of Justice.77 Sen and Rowles were advocates of Basic
Needs –who often called Basic Needs, by another name, as their own. the majority of western economists
remained opposed to the Basic Needs concepts and are still married to market value/GDP formulations. The
battle is of epic proportions. The G20 and the developing nations, which constitute the main engine of the world
73
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economy, are on one side and the rich industrial nations and their educational institutions who created the
concept of western economics – are on the other. It is fair to say that it is not yet clear who will win – or even
what “win” means. Because a victory of western economics as we know it may mean the extinction of the
human species – an outcome that certainly could not be called a victory for the enemies of Basic Needs.
The Bariloche Model warns that the worst dangers we face are grounded on misdirected economic
policies that lead to a voracious use of the earth’s resources. The policies that have been adopted historically by
industrialized nations in their process of industrialization cannot be extended globally without serious
consequences. The Bariloche response confirms that the developing nations should not follow in their
footprints. They should adopt their own economic policies that are aimed at satisfying the unique needs of their
population.78
Many years later and with the benefit of the accumulated experience of the Bariloche Model, the data
appears to confirm its initial predictions. The evidence reveals that as societies meet their basic needs they have
reduced birth rates and reduced consumption of resources. 79 The evidence is all over and yet the proposition
seems counterintuitive to many. Africa and Latin America have the lowest level of satisfaction of Basic Needs –
and the highest rates of population growth – except in those nations and areas where Basic Needs policies were
implemented (Brazil, Ecuador and Venezuela). The industrial nations with the highest level of satisfaction of
basic needs have the lowest birth rates. Within the U.S., the situation is the same. The highest level of
satisfaction of basic needs lie in the white population which has the lowest reproduction rates. The Black and
Latino segments of the population with lower levels of satisfaction of Basic Needs have, by far. the highest rates
of population growth in the USA.
This has been tested and proven in the Bariloche Model but since then demographic science has shown
as an established fact that welfare increases inevitably lead to decrease in population growth. As the standards
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of living and the quality of life improve, nations - such as those listed in detail above -- achieve lower
population growth. Indeed, those nations where a higher proportion of people live in poverty often have the
highest population growth.80 Several European nations and particularly Italy and Spain provide prominent cases
in point. Italy has one of the highest standards of quality of life in the world and, correspondingly, their
population is currently below the ‘replacement’ level, which is a bit below 2 children per couple on average. So
does Spain. The total number of Italians and Spaniards is actually decreasing. A similar phenomenon exists in
France, which has developed incentives for families to have children in order to induce a more rapid population
growth. A negative correlation between quality of life and population growth seems to be a universal reality,
one of the few universal truths in population dynamics. In developing nations are no exception and it shows
once again how increasing Basic Needs leads to higher levels of average welfare and lower use of resources –
as fewer people are there to share the production of food and other basic needs due to lower fertility rates. As
the quality of life increases, humans have fewer children: as shown in the literature quoted above, humans have
more children when facing poverty and even more when facing possibly extinction. Children are a form of
social security in poor nations as they take care of their elders and work in the farms. Children are also an
important source of productive labor in farm communities. As incomes increase and people overcome the risk
of extinction, they wish to increase the welfare of their children and to offer them educational and living
opportunities. Thus, the satisfaction of basic needs leads to lower population growth and resource use, reducing
environmental blight. The end result of all this is that – as already shown above - historically and currently, the
data show that those areas of the planet with the lowest population growth are responsible for most of the use of
the worlds’ resources.
the areas that house most of the world’s population, and those areas where population is growing faster,
have used and continue to use only a small part of the worlds’ resources. The data is undisputed today, although
it was considered somewhat heretical in the mid 1970’s when I introduced the concept of Basic Needs.)
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If Nature isn't being crowded out by over-population, what then is contributing to our snowballing
environmental dilemmas? What was the cause of the dramatic increase in global environmental damage of the
last 60 years? What happened 60 years ago?
It is now clear that the global environment has taken a serious turn for the worse since the end of World
War II which marked a transition to a completely new form of global organization. This transition was a result
of deliberate efforts by the US and Europe at the time to achieve global governance, increase international trade
and economic growth and globalize the world’s financial liquidity and controls -- all laudable aims. To a great
extent the post-war efforts succeeded in accomplishing their goals, and this resulted in the most rapid period of
industrialization and globalization recorded in history. At the same time, scientific data shows a rapid increase
in emissions of greenhouse gases and in global destruction of biodiversity since World War II. It turns out that
most of the global environmental damage we observe today was caused by the rapid industrialization in the rich
nations since World War II. I believe, in hindsight, few would dispute this.
The historical record is fascinating and compelling. The two world wars in the first part of the 20th
century caused nearly universal misery, and changed many people’s minds about war and peace. The
unprecedented suffering, loss of lives and physical assets had a profound effect on everyone involved, winners
as well as losers. As a direct consequence, there was a major effort that is documented in detail in the next
chapter at post-war global reorganization as well as coordinated efforts to prevent future wars through economic
advancement and cooperation. These efforts were initiated by the most advanced market economies, and led to
the creation of powerful new global institutions that shaped the world’s future.
Based on the experience of interwar years, U.S. planners developed a new concept of economic security,
the view that a liberal economic system – namely a system where free trade and individual economic activities
are supported and encouraged - would enhance the possibilities of postwar peace. The concept initiated with the
British economist John Maynard Keynes who saw trade between nations as a way to replace and substitute for
war between nations. Trade after all flourishes precisely when nations are quite different, when they have
different capabilities and can use trade to their advantage: the concept is usually called “gains from trade”. It
explains why nations like China and the US – which are radically different – benefit from trading with each

other – and how and why China and the US are less likely to go to war as they have much to lose economically
from doing so. One of those who saw such a link was Cordell Hull, US secretary of state from 1933 to 194481.
Hull believed that the fundamental causes of the two world wars lay in economic discrimination and trade
warfare. Specifically, he had in mind the bilateral agreements for trade and exchange controls between the Nazi
Germany and the imperial preference system practices by Britain, by which members of the former British
Empire were accorded special trade status. Hull argued:82

“Unhampered trade dovetailed with peace; high tariffs, trade barriers and unfair economic competition,
with war. … if we could get a freer flow of trade… free of discrimination and obstructions…so that one country
would not be deadly jealous of another and the living standards of all countries may rise,… therefore
eliminating the economic dissatisfaction that breeds war, we may have a reasonable chance of lasting peace”

Proponents of the new school of thought that linked economics and wars included the New Dealer Harry
Dexter White83, John Maynard Keynes’ American counterpart in the Bretton Woods institutions, who put it
succinctly84:
“The absence of a high degree of economic collaboration among the leading nations will inevitably result in
economic warfare that will be but the prelude and instigator of military warfare .. on an even vaster scale.”

In order to ensure economic stability and political peace, therefore, states agreed to collaborate to
regulate the international economic system. The idea of free trade became a pillar of the U.S. vision for the
postwar world. The most developed market economies agreed to a postwar international economic management
system designed to foster the reduction of barriers to trade and capital flows, in which the US played a dominant
role. Although they disagreed on the specifics of implementation, all agreed on an open system with free trade
that would help replace wars by gains from trade for all. It is somewhat paradoxical that this liberal vision of
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free trade involved the creation in 1944 of the largest and most powerful organized system of international
governance, global economic management and financial controls that the world economy ever saw, the Bretton
Woods Institutions85. They were the first global institutions of their type, and were explicitly created as an
attempt to replace war by trade.
The World Bank86 and its sister organization the International Monetary Fund87, were created in Bretton
Woods, New Hampshire in 1944 -- and together are called the Bretton Woods Institutions. The former was
originally part of the International Bank of Reconstruction and Development, which was to finance the
reconstruction of war torn Europe. In time, the World Bank, funded by developed nations with printed dollars
that became the world’s international currency, became the primary financier of development projects in the
Third World as well as its largest creditor.
Today, the developing nations owe the World Bank over US$160 billion88. The Bretton Woods system
of international monetary management established the rules for commercial and financial relations among the
world’s major industrial states. The Bretton Woods system was the first example in world history of a fully
negotiated monetary order to govern fiscal relations among independent nation states.
The Bretton Woods Institutions’ mandate - as it becomes clear below - was to realize the U.S. vision of
free trade. The Bretton Woods institutions were created for the purpose of expanding international trade in the
form that would benefit the industrial nations, as is shown below. Indeed, one ne rationale for the liberalization
of trade was that international differences between nations could be viewed as complementaryThis means that
differentcomparative advantages would promote mutually beneficial trade. As viewed by the great economist
David Ricardo, ‘comparative advantages’ arise when nations are better at different things, for example, in the
18th century89 his classic observation was that Portugal was better at producing wine because it had sunnier
weather, while England was better at producing cloth because it had had an industrial revolution. Ricardo
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famously recommended that each country would prosper (balance consumption) by trading what each does best.
. Rather than leading to war, therefore, national differences could be celebrated as a cause for gains from trade.
The idea of replacing war by trade was new in a world scale and eventually it succeeded beyond
anyone’s expectations. Since World War II, the incidence of wars across the world decreased90 as the world
economy grew eight fold and international world trade grew twenty seven fold in volume91. Indeed, since World
War II international trade among nations grew 3 times faster in volume than world output as a whole, one of the
strongest measures of globalization.92

Figure 2.3—World Bank: WDI & GDM 2010; Angus Maddison, “Historical Statistics of the
World Economy: 1-2008 AD”.
As we will see in the next chapter, however, the trade policies of the World Bank and the IMF failed to
instigate growth and to alleviate poverty in the less developed nations, a failure that was acknowledged at the
most senior levels of the bank itself, as well as by its Canadian Auditor General, who has recently called for a
comprehensive review of the World Bank and the IMF.93
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The main architect of the Bretton Woods institutions was the great British economist John Maynard
Keynes, who advocated global economic growth as a main goal. He thought that economic growth was a solid
foundation for peace, and proposed the creation of a world’s central bank using a neutral global currency to
provide the liquidity necessary for the countries of the world to grow. His US counterpart, Harry Dexter White,
advocated financial order rather than growth and proposed post war period was one of history’s key turning
points. This period laid the foundation for the transition we observe today away from the nation - state
international system and towards a global world.
Besides Bretton Woods, a number of other large global organizations were created at about the same
time that would facilitate unification and govern the world as a whole. The United Nations was created in
194594. The development of common economic standards was of critical importance for globalization, since
nations could use a common measure of progress and success. Soon after the creation of the United Nations, the
nations of the world adopted a common uniform measure of economic progress introduced by the economist
and statistician Richard Stone, which is known as the System of National Accounts95. It simplifies common
goals and comparisons among nations by measuring progress by a single number which I previously identified
as the Gross Domestic Product or GDP. Again, this is the sum of all goods and services produced by a nation at
market prices.
At the regional level, the 1957 Treaty of Rome96 laid the ground for the overall plan for a unified
Europe, and eventually led to what has become one of the most important global developments in the 20th
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century – the creation of a unified economic zone with a shared monetary currency, now known as the
European Union97. Today the EU is about 30% of the world economy, and it is the only unified economy with
economic power that is comparable with or larger than the US.
At the conclusion of World War II, the US accounted for 46% of the world economy,98 following the
destruction of Germany and Japan.

Figure 2.4—Angus Maddison, “Historical Statistics of the World Economy: 1-2008 AD”.
Today, the US is back to 20 - 25 % of the world economy99, closer to what it was in 1939100 before the
war.101 In brief, as economic historian Alan Milward writes,102
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"The United States emerged in 1945 in an incomparably stronger position economically than in 1941"...
By 1945 the foundations of the United States' economic domination over the next quarter of a century had been
secured"... [This] may have been the most influential consequence of the Second World War for the post-war
world"

The economic might of the US carried considerable authority in the Bretton Woods institutions that
reinforced US dominance in the world economy and US economic vision. Since the US was contributing the
most money, US leadership was a key component in the IMF. Under the system of weighted voting,103 the US
was able to exert a preponderant influence on the IMF, and could veto all changes to the IMF Charter on its
own.. Never before had international monetary cooperation been attempted on such a grand scale in the world
as in the Bretton Woods institutions - and on such a permanent and widespread institutional basis. The Bretton
Woods institutions invented and created globalization as we know it today.
It is natural that the Bretton Woods institutions would follow the leadership of the US at their inception
because of privileged position of the United States in the world economy and because it held 65% of the
world’s gold reserves104. The U.S. role in the world economy was paramount. International economic
management relied on the dominant power to lead the system. But, although the US had more military power,
more manufacturing capacity and more gold than the rest of the world put together, it was commonly
understood that US capitalism could not survive without markets and allies. William Clayton, the US assistant
Secretary of State for economic affairs was among many policy makers who summed up this point:105

“We need markets – big markets – around the world in which to buy and sell”
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As Bretton Woods was convening, the greater part of the Third World that was barely emerging from
colonial rule. South America and parts of Asia and Africa106 remained politically and economically subordinate.
Linked to the developed countries of the West economically and politically, formally and informally, these
states had little choice but to acquiesce in the international economic system established for them. 107 Raw
materials were seen as key. The Atlantic Charter, drafted by US President Franklin Roosevelt and British Prime
Minister Winston Churchill in 1941 and a notable precursor of Bretton Woods, had already affirmed the rights
of all nations to equal access to trade and raw materials, and eventually the Bretton Woods institution gave the
US unrestricted access to vital raw materials worldwide108. The GATT preamble includes among its objectives
“the full use of the resources of the world” 109, and the International Bank for Reconstruction and Development
assured “free and equal access to raw materials of the world”… This proved to be an important allowance in the
world’s use of resources, as we will discuss further below.
Through the power of the Bretton Woods institutions, US views on liberalized international trade
became a world standard. These views were not always as liberal as they were intended to be, since in many
periods of its history including today, the US has protected its markets and provided major internal subsidies to
its key economic sectors, such as agriculture and manufacturing industries.110 Even today, US restrictions on
food exports from developing nations are a large thorn on the side of the World Trade Organization. To
summarize the situation the OECD states: 111

“The US is second only to the EU in the value of subsidies to domestic farmers, the OECD calculates
this is currently $49 billion in the US and $93 billion in the EU, with the US transfers being the equivalent to
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21% of agricultural output in the USA and 35% in the EU .112 Such large transfers must have an impact on the
patterns of world production and trade… The evidence suggests that the current US barriers (to trade) hit the
very poorest countries hardest”.

Indeed such protectionist policies on the part of the US and the EU were in large measure responsible
for the spectacular failure of the last round of global negotiations of the WTO, the Doha round, in August 2008.
However we need not overly concern ourselves here with the differences between what was said about
liberalizing trade, and what was done. The main point I want to emphasize is that in the period since World
War II, the US pattern of economic development became the world’s benchmark. The pattern is based on rapid
industrialization and deep and extensive use of natural resources such as land, water, minerals, coal and
petroleum.
The origins of the US resource intensive pattern of economic growth can be found in the US’s own
historic trajectory. Since its creation, and during its brief history, the US followed a frontier approach to
economic development, as it corresponds to a nation with enormous natural resources and a relatively small and
expanding immigrant population. The US approach involves a deep and extensive use of natural resources, and
an ever expanding quest for new lands to provide new sources of resources for rapidly expanding human
settlements. This is by no means the only strategy of industrial development possible. By contrast, the nations
that constitute the European Union today have followed a more restrained use of resources. There, human
settlements are relatively stable and densely populated, and they have harvested for centuries their arable land,
bodies of water, forests and other natural resources. In size, Europe is much smaller than the US – less than half
its size - and its population is much larger. Europe has more than three times the population density of the
US113. Europe has very few forests left, while the US still has some of the world’s largest forests.114 The
difference in strategy shows clearly in the use of fossil fuels in the two regions. The EU on the whole uses about
1/3 less fossil fuels per unit of economic output than does the US, and the cost of petroleum is in historical
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terms about 2 ½ times higher per gallon in the EU than it is in the US.115 Other indices of higher US resource
use are packaging, which is much heavier in resource use in the US than in Europe116.
The impact of larger and mobile populations on resource use can be seen by means of examples, such as
water use. The Colorado River has been almost exhausted by the rapidly increasing and mobile population in
California. On the contrary, stable populations are able to find appropriate water management rules. In terms of
water use, the Tribunal de las Aguas in Valencia, Spain, has been a successful stable way to support and
organize water networks and water use.117 For over 1,000 years this tribunal has met once a week with the local
residents to allocate among themselves costs and the benefits of maintaining and distributing the water from
Valencia’s water network. Such a structure may not be possible in the US with its mobile and unstable human
settlements. A peripatetic population with ample resources at hand does not have a chance to develop such
structures -- or a long-range view of a sustainable use of natural resources by its population. The problem can be
compared with the slash and burn pattern that is followed by nomadic tribes or human groups who burn a forest
to clear the land for agricultural use. In the case of the US, the analog process followed by its mobile population
could be called a slash and burn pattern of industrialization.
A typical example in the US is the period that has been called Manifest Destiny118. This period includes,
in particular, the rapid expansion of agricultural production and human settlements in California and Arizona,
semi - deserted regions that were formerly in great measure part of Mexico119. The so-called conquest was
heavily subsidized by the US government120 who created and supported a network of water funneling and
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distribution across California mostly by using the waters from the Colorado River that as a result now trickles to
its terminus into the sea.121
The trajectory we just described explains why, through its history, the US followed a distinctive pattern
of development based on rapid and intensive resource use. The end product of this trend has been an accelerated
industrialization and a fast rise in consumption that became the American Dream. Encouraged by the creation
of the Bretton Woods institutions after World War II and under the US leadership, the American Dream went
global. The component of US GDP that is linked to international markets went from 8% in 1950 to 30% in
2007.122 However well intentioned, the American dream may have been, in retrospect, an undesirable and
unreachable target for the globe as a whole. It led to patterns of industrialization that were resource intensive the
world over, and eventually to over-consumption of resources that are at the root of the global environmental
problems we face today. The charts below illustrate the enormous consumption of natural resources worldwide,
since 1945:
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Figure 2.5a—US EIA 2010

Figure 2.5b—UN FAO 2010 World Roundwood and Sawnwood Total Production
It is fair to say that the economic patterns of development followed in the post - war period transformed
the world economy as a whole. The industrial nations industrialized very rapidly during this period, as shown
by the growth of GDP of the OECD, the Organization for Economics Cooperation and Development nations,
which with less than 20% of the world population, became about 80% of the world economy.123
Going hand in hand with the world’s rapid industrialization, the post war period became a turning point
for the global environment. The data shows that most of the destruction of the world’s ecosystems in this period
was driven by economic incentives. Industrialization since World War II hastened a pattern of resource use by
which forests were cleared to give way for arable land, and to extract plank and other wood products for
construction and industrial use.124 Land was heavily used in agricultural production and the soil’s integrity was
compromised by the use of chemical fertilizers and pesticides. Water bodies such as lakes and aquifers became
deposits of industrial wastes and absorbed fertilizers and pesticides from industrial and agricultural production.
The atmosphere of the planet became a reservoir for the emissions of greenhouse gases, such as methane and
carbon dioxide, and chlorofluorocarbons that change the atmosphere’s gaseous composition and its physical
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properties. The seas cover about 70 % of the earth, and the seas’ biodiversity are affected by massive changes
caused by industrial society on vegetation, particularly algae which is the pyramid basis of most life on the
planet and provides 50% of the oxygen in the planet’s atmosphere. Sea life is rapidly changing and in many
cases, disappearing in the shock waves created by global industrialization. More than 25% of all 5,487 known
mammal species are already extinct and many more are under threat.125 As already quoted, the pattern of
biodiversity destruction today is 1,000 times higher than what is shown in fossil records.126 The next chapter
explores directly the connection between the global environment and international trade in the post war period.
Fostering international trade was one of the main goals of the Bretton Woods institutions but the evidence
indicates that it also may have been the direct cause of the global environmental degradation. This has been a
concern of economists for many years127, and eventually in 2006, the World Bank created its own Independent
Evaluation Group (IEG) which issued recently its first comprehensive and independent assessment of Bank’s
assistance to developing nations for designing their international trade policies, the very policies that shaped
world trade after World War128. The report asked:

“Was the World Bank’s trade related assistance relevant to promoting improved trade and economic
outcomes? In other words: did the Bank do “the right thing” in trade?”
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In response to this question, the World Bank’s own Internal Evaluation report found that World Bank
trade policies often had a negative effect:

“… Despite greater openness, full benefits from trade are yet to be realized. The $38 billion in World Bank
financing for trade programs since 1987 helped poor nations open markets, but were not as effective as
anticipated in boosting exports and growth, and alleviating poverty”129

In recent years the World Bank has been persistently criticized for its negative environmental impact,
and the IMF is under attack for straying from its original mandate of providing short term funding to alleviate
crisis, and is viewed as having exacerbated the economic crisis in Africa during the 1980’s and for the fiasco
surrounding Mexico’s recent financial collapse. Several US economists such as Joseph Stiglitz and Lance
Taylor have criticized the IMF for its policies towards developing nations, in particular for encouraging natural
resource exports beyond what would be desirable for a nation, and130
“…not allowing governments to channel forgiven debt towards increasing spending in poverty reduction
because of its inherent phobia (not supported by any evidence) that a modest increase in fiscal outlays will kick
off uncontrollable inflation.”
In the 1970’s I had anticipated this outcome,131 and more recently a number of other economists, for
example Dan Rodrick and Robert Barro, have come around to a similar viewpoint, validating thorough
empirical studies the generally negative impact of trade on the distribution of income in developing nations.132
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In a recent revision of his earlier work on the empirical aspects of globalization, the well known US economist
Robert J. Barro,133 states:

“The direct effect of opening an economy to international markets is to increase income inequality. The
coefficient that reflects this effect is stable through time. With a fixed coefficient, the expansion of international
trade produced since the decade of 1960’s implies that this variable (international trade) had a major influence
over the inequality of income in the decade of 2000 than in previous decades. … “Furthermore, there is an
indirect effect of international trade that also increases inequality of income” and ...“In a comparative
framework across different nations and with other variables constant, the inequality of income has a negative
effect on economic growth.”

Yet many economists continue to recommend increasing commodity exports as a development policy,
which is often a thinly disguised form of market colonialism.134 The discovery that market colonialism created
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by the Bretton Woods institutions is the cause of the global environmental crisis of the day, and of the
widespread poverty that plagues the world economy is shocking to many. This may sound technical but it is not
a small point – it is perhaps the single most important message of this book. Understanding this phenomenon
and finding a way to overcome it is key for the survival of human civilization at this point in history. The next
chapters will explain why international trade in the second part of the 20th century had a negative effect on the
environment and poverty, and what can be done about it.
Chapter III
The North - South Divide
The twenty first century is a period of startling contradictions. Most of us amaze at theextraordinary
record of innovation and industrial success and at the same time horrify at a pattern of economic development
that produces environmental damage and widespread abject poverty at a scale never known before. We know
this is not sustainable, it cannot continue into the future. Most of us find the situation puzzling and vaguely
threatening and wonder where will all this end. What is not generally understood and will be revealed here is
how the key to all this lies in the Bretton Woods Institutions that were created after World War II, which
succeeded beyond anyone’s expectations in their task of globalization and yet have caused havoc and crisis on
the global economy as a whole. This is a monumental puzzle that requires our brains and hearts to understand
and unravel, but the understanding we develop can change our future
The reason the Bretton Wood institutions are so key is that they single handedly created the globalized
world in which we live today. Globalization impacts every aspect of your life and my life, our common future,
and by now it changes also the geological structure of Planet Earth. Understanding this issue and what to do
about it t can change our lives and those of our children, grandchildren and great-grandchildren. At the heart of
it all is a notion of economic progress that the Bretton Woods institutions defined and which leads to a barren
Earth with no future. It may not be obvious but economic progress comes in many flavors. There are other
ways to look measure and achieve economic progress in which humans are not at war with animals and their
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environment, where harmony prevails, and where knowledge and innovation rather than the amount of coal and
petroleum we burn determine progress and our future.
We need to proceed step by step since logic is important to find puzzle’s solution. We have shown how
the Bretton Woods institutions presided over the heyday of industrial society since World War II. Under their
global governance, trade grew the world economy expanded, and international conflicts decreased. Not a bad
record. Yet in other important ways, the Bretton Woods Institutions failed in such resounding ways that they are
now compelling calls for their reorganization.135 Continually in question are the trends pertaining to global
poverty and the environment that have been existent since the institutions’ creation, though failures in these
areas were intertwined with the successes. Yet is was not clear until now why the successes and failures of the
Bretton Woods Institutions are critical to the current predicaments of the world economy, and for the future of
western civilization. We will show that the Bretton Woods institutions in their rush to globalize trade after
World War II, recreated and magnified globally a shameful period of our economic history: colonialism. They
globalized the worst evils of colonialism in a new form that we call ‘market colonialism’, creating a pattern of
trade and resource use that cannot be sustained and that could lead directly to the extinction of our own species.
This is a bold claim that is not widely understood, and examples and the data provided below are needed to
substantiate it. And history does not stand still for us to examine it. As these words are written the BRIC nations
– Brazil Russia India and China have decided to take matters under their own hands and are creating a new
Bretton Woods- type of institution, a new international Bank – the BRICS Development Bank - that they will
fund and which will perform the financial globalizing role for their nations that they see for their own future.
The added “S” in BRICS means “South Africa” where the BRICS nations met a few weeks ago in March 2013
to decide on this new institution and announce its creation. What is explained here acquires therefore a new
urgency. China is today the largest buyer of raw materials from all of Latin America and from Africa – and
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even the largest buyer of tar sand oil petroleum from Canada. The new global institutions that the BRICS are
creating right now must avoid the same deadly trap that Bretton Woods laid for the world economy. 136

Figure 3.1—Angus Maddison, “Historical Statistics of the World Economy: 1-2008 AD”.
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Figure 3.2—US EIA 2010
While the world grew rapidly under the aegis of the Bretton Woods institutions, this growth was mostly
concentrated in the industrialized nations and went hand in hand with an increasing wealth gap between the rich
and the poor countries that eventually reached record proportions. .137 The gap means magnified poverty across
the world: as of 2005 more than one-half of the world’s population lives under $2 a day138 and over 1.3 billion
with less that $1 per day, while income in the rich countries exceeds, on average, $34,000 GDP per capita (over
$93 per day).139 In the face of enormous global riches, about 18% of the world’s population 140 lives today at or
below subsistence levels, below the level of satisfaction of Basic Needs. Similarly, the burgeoning
environmental threats before us are now well-documented and well-known and the extent to each is illustrated
in the following chart. The disparity between the wealthy and the poor increased three fold since the Bretton
Woods institutions were created..

Figure 3.3a—Angus Maddison, “Historical Statistics of the World Economy: 1-2008 AD”.
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CIA World Factbook, July 2012 estimates
Figure 3.5, Source: World Bank, 2002 Data

Figure 3.3b—The World Bank
The chart below illustrates the growth in the world economy as well as the drop in the number of armed
conflicts across the world since World War II, and the simultaneously widening gap between the wealth of the
industrial and the developing nations over the same period. In previous chapters we saw the rapid growth of
global environmental problems in that same period.

Figure 3.4—Major International Conflicts since 1900

Figure 3.5—Ozone holes since Bretton Woods, National Oceanic and Atmospheric Administration
(NOAA). US Department of Commerce

Figure 3.6—CO2 emissions since Bretton Woods—Etheridge, D.M., et al. (1996). “Natural and
athropogenic changes in atmospheric CO2 over the last 1000 years from air in Antarctica ice.” Journal of
Geophysical Research, 101 (D2), 4115-4128.
Tans, Pieter P. and T.J. Conway (2005). “Monthly Atmospheric CO2 Mixing Ratios from the NOAA
CMDL Carbon Cycle Cooperative Global Air Sampling Network, 1968-2002. In Trends: A compendium
of Data on Global Change. Carbon Dioxide Information Analysis Center, Oak Ridge National
Laboratory, U.S. Department of Energy, Oak Ridge, Tenn., U.S.A.
In sum: the Bretton Woods institutions ruled the world during the period in which poverty across the
world dramatically increased in scope, when the wealth gap between the poor and the rich nations reached
unprecedented levels, and when the main global environmental problems that we face today emerged.
Why did this all happen? The growth of world economy after World War II, particularly within the
industrial nations, was pulled by an even faster growth of the international market. This was part of the plan of
the Bretton Woods institutions which gave most decision- making power to the richest nations based on their
monetary contributions. In this post-war period, international trade took a life of its own, and it reached
proportions that changed to a great extent the relationship between nations. Global trade by no means is a new
phenomenon, but the degree of activity during this period is. Many countries that were nearly closed economies
before the war became heavily connected through world trade. For example, about 30% of the US economy is
related to trade today, while this number was 8% in the middle of the century. 141
Globalization, as we know it today, is a creation of the Bretton Woods institutions.142 Yet this enormous
expansion of world trade was directly linked to a specific pattern of trade between industrial and developing
nations that focused on raw material exports from developing nations. This policy suited U.S. goals along with
those of other industrial nations but often produced poverty and economic stagnation elsewhere, particularly in
the exporting regions. Indeed, as we saw in the last chapter, a main goal of US foreign policy based on the
Bretton Woods institutions, and more generally of its foreign policy over the entire post war period, was to
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Percentage of GDP in World Trade was 8% in 1950 and 29% in 2007. Source: BEA (Bureau of Economic Analysis)

http://www.bea.gov/national/nipaweb/TableView.asp?SelectedTable=5&ViewSeries=NO&Java=no&Request3Place=N&3Pl
ace=N&FromView=YES&Freq=Year&FirstYear=1950&LastYear=2007&3Place=N&Update=Update&JavaBox=no#Mid
The degree of globalization can be defined as the proportion of international trade in total economic output. A nation is more ‘globalized’
when its international trade sector is larger as a proportion of its GDP. This means that more of the nation’s economic activity is connected to other
nation’s economies. In this definition, since international trade grew 3 times faster in volume than the world economy as a whole after WWII, the
world has definitely become more globalized during that period,
142

secure inexpensive and abundant raw materials from developing nations.143 The economic processes by which
this happened are as fundamental as they are complex and will be a critical subject for the rest of this book, as
will be the alternatives and possible solutions to the problems that they created. 144

Figure 3.7—World Bank: WDI & GDM 2010; Angus Maddison, “Historical Statistics of the
World Economy: 1-2008 AD”.
The transition from colonialism within the developed world to independence occurred during a
traumatic historical period. With the decline of colonialism declined after World War II145, ex-colonial societies
in Africa, Asia, and the Americas were divided across lines that did not always respect their historical integrity
or cultural heritages and to support this statement see the figure that highlights the chaotic reorganization in
Africa: number of border changes and number of new countries that were created. Since World War II, 50 new
nations emerged in the African continent. The phenomenon seems to be a remnant of colonialism, since in the
last 20 years only one new nation was created in Africa.146 The massive redrawing of national borders created
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Since World War II 50 new independent nations were created in Africa,
The Story of Africa. Retrieved August 16, 2008, from British Broadcasting Corporation:
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internal and external conflicts, a difficult situation for these nations' organization and governance which, to a
great extent, placed limits on their economic growth. The ending of foreign rule and the redefinition of national
borders, such as the 1950 creation of the State of Israel within Palestinian territory, one of the last actions of the
British Empire, have been highly disruptive where they have occurred and a main source of conflict and wars.
Without judging where national borders should be drawn, who should be in charge, or any other particulars of
transitional governments, I am stating an historical fact, that, on the whole, colonialism and its remnants have
caused much human suffering and long lasting chaos and strife. Its effects are not completely over because the
aftermath of colonialism since the 1950’s – as this book shows - kept many developing nations in the preindustrial age.
In geographical terms, since the post war period, the world became increasingly divided into rich and
poor nations. The poor regions of Africa, Asia and South America are in the Southern Hemisphere of the
planet, while the richer societies in Europe and North America are mostly in its Northern Hemisphere, in both
cases with geographic exceptions.147 This geographical configuration led to a view of a world divided into the
North and the South.
In economic terms, the post war world became increasingly divided into industrialized nations and
agricultural societies, roughly corresponding to the Northern and the Southern hemispheres of the planet,
respectively. Industrial nations are those that have completed the transition from agricultural to industrial
societies, a transition that is measured by the composition of their economic output. The economic output of an
industrial nation consists mostly of industrial goods and services, while in an agricultural society most of the
economic output is, to say the obvious, agricultural. The US agricultural sector, for example, is very small
today, about 1.2% of the US economy and employs 0.7% of the labor force148 but in the beginning of the last
century, agriculture employed 41 % of US workforce.149 In China and India, agriculture represents today about

To clarify the influence of colonialism on this phenomenon, in the last 20 years, way after colonialism declined, only 1 new nation was
created in Africa.
147
For example Australia is an industrialized nation that is geographically located in the Southern hemisphere of the planet.
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CIA World Factbook, 2011 estimates
In 1930 agriculture employed 21.5 percent of US workforce, and in 200, 1.9 percent of employed labor force worked in agriculture.
Source: Compiled by Economic Research Service, USDA. Share of workforce employed in agriculture, for 1900-1970, Historical Statistics of the
United States; for 2000, calculated using data from Census of Population; agricultural GDP as part of total GDP, calculated using data from the
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14% of their GDP and 43% and 62% of their economic output respectively, since they are still primarily
agricultural societies in their formative industrial stages.150

Figure 3.8—CIA World Factbook
When viewed from this simple perspective, the post war reorganization divided the world into nations in
the Northern hemisphere that had completed their industrial revolution, and agricultural nations in the Southern
hemisphere that had not yet done so -- many of whom had never even started the process. The Bretton Woods
institutions further divided North and South to the point in which the current wealth gap between the rich and
the poor countries has reached crisis proportions. How did we get there, and how can we reach beyond and
overcome the global divide?
The post war world order of the Bretton institutions magnified a pattern of economic growth and trade
that can be called market colonialism, in which developing nations continued to offer their natural resources to
the global market as their main contribution to the world economy. Ex-colonial countries were strongly
encouraged, no, strong-armed; by the powerful Bretton Woods Institutions to export their raw materials to the

Bureau of Economic Analysis. See US Department of Agriculture: The 29th Century Transformation of US Agriculture and Farm Policy,

http://www.ers.usda.gov/publications/eib3/eib3.htm#role
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WTO data, op. cit.

industrial nations, and the IMF insisted that they should devalue their currencies making those same raw
materials particularly inexpensive.151

Figure 3.9—WTO International Trade Statistics 2011
The IMF and the World Bank are grappling today with the failure of their trade policies, and recently
even some of their own internal investigatory bodies have admitted their shortfalls.
Only some of the developing nations in East Asia – Taiwan, Korea, Singapore, Hong Kong and China managed to escape this pattern of trade and exported instead technology intensive products such as
manufactured goods, steel, consumer durables, cars and consumer electronics. These are the successful
development stories of today. Many of the nations in Africa and Latin America, unfortunately, followed a
different path. When I travel to Latin America I continue to this day, to be amazed at the single concentration on
the export raw materials and traditional products based on natural resources. In South American countries like
Argentina, Ecuador, Paraguay, Colombia, primary and resource-based exports still account for more than 70%
of exports (with the exception of Brazil and Uruguay, where the shares are still very high, in the 50% range152)
and over 82% in Africa. Brazil's commodity exports comprise oilseeds, iron ore, meat, sugar, iron and steel,
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coffee and aluminum. Chile's exports are mainly copper, but also include fruits, fish, hydrocarbon gas and lead.
Peru's exports are mostly gold, followed by copper, pearls and precious stones. Venezuela's commodity exports
are dominated by oil, which accounts for over 80 per cent of total exports.153 Brazil has the most diversified
commodity export base and Venezuela has the least diversified export base in the group.154 These countries
were strongly influenced in their economic policies by the Bretton Woods institutions as well as by underlying
theories of export-led growth based on commodities, which were popular at the time in the US and its areas of
intellectual influence, and which relied on an alluring concept of ‘comparative advantage’.155 As I explain in a
subsequent section, the result of this theorizing was to lock developing countries into patterns of trade that were
detrimental to their countries' interests. Following such trade policies, the nations of Latin America and Africa
have remained, to this day, heavily specialized in low-skilled industries involving the exports of natural
resources and raw materials. Their growth has been stagnant and most of their people have remained tragically
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Behind these policies were concepts that were created by David Ricardo and developed by many other economists in the US and Europe, who explained the
benefits of free trade and comparative advantages. The concept of comparative advantages was introduced by the great British Economist David Ricardo, (1772-1823)
who supported the liberalization of trade between England and Portugal. Ricardo explained that each country should specialize in what they do best and trade among
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poor. These economies illustrate the failures of export-led growth policies based on resource exports

Figure 3.10—Dani Rodrik. “Sea Changes in the World Economy.” Paper prepared for the Techint
conference, Buenos Aires, August 30, 2005.
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Figure 3.11b—Dani Rodrick. “Sea Changes in the World Economy.” Paper prepared for the Techint
conference, Buenos Aires, August 30, 2005.

International trade is not an isolated component of a nation’s economy. Trade policies are critical to a
nation’s success, particularly in the case of small developing economies that participate and compete in global
markets. The specific composition of a nation’s exports is an important predictor of its economic success. Both
theory and empirical work support this fact: since the mid 1970’s I published a number of articles showing that
exporting labor intensive goods, or resource intensive products, was not a favorable policy for a developing
nation. This was a somewhat shocking finding when most economists have come to the opposite conclusions156
The reason is that increasing exports of labor intensive products or natural resources are often achieved at the
expense of decreasing domestic consumption and lowering wages and export prices. The logic of “comparative
advantages” is so baked into people brains that most people do not understand this statement: most people
would think that developing nations should do what they do best – namely produce raw materials. But the
reality is quite different. Export-led policies often create an incentive for underdeveloped nations to treat their
own domestic markets as a source of cheap labor rather than as customers. The reader at this point may simply
not understand what I am saying – may even think it is nonsense. Think of it this way. Diamond producers in
South Africa do not sell diamonds to their citizens or their workers: diamonds are for exports. Petroleum
exporters in Nigeria do not sell petroleum at home – they export it to be purchased by rich industrial nations.
The Nigerian workers are not buyers or customers: they are only a cost factor to be minimized. The more poor
is the population and the lower are the locals’ wages, the higher are the more profits of can petroleum producers
and the diamonds exporters make. Isn’t this always the case? No - it is not. In successful economies workers
and the local population represent not only a cost factor but also the market to be served, the buyers and clients.
Ford famously said that he would succeed only when Ford Motor’s workers buy Ford cars. He meant that his
workers were also his customers, Ford understood that the mass market was what would make the car industry
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the leading industry in the US’s golden industrial age, the age when what was good for General Motors was
good for the United States. In that sense, the incentive in developing nations that export raw materials is
perverse: to perpetrate poverty as a source of ‘cheap labor,’ thus maintaining comparative advantages on an
international stage. The recommendation I gave was to emphasize the exports of more advanced products, such
as consumer electronics goods and services, and emphasize domestic markets rather than just export markets.
Dan Rodrick157 a US economist and former colleague at Columbia University, has made a similar observation
on the basis of his empirical work on a number of nations, as discussed below. On the whole, it is now well
accepted that exports of raw materials are not a good omen for growth – while exports of higher value added
products such as manufactured goods, telecommunications services and consumer electronics, are. Despite this
admonition, however, the old faulty logic prevails in Latin America and in Africa, which still specialize in
resource exports to their detriment. Below I explain what can be done about it.
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Figures 3.12—Dani Rodrick. “Sea Changes in the World Economy.” Paper prepared for the Techint
conference, Buenos Aires, August 30, 2005.
The Bretton Woods institutions liberalized trade in their Charter. But they were focused on one
particular form of trade liberalization: encouraging the export of raw materials from developing nations to the
US and the other industrial nations.158 We have shown how the World Bank followed such policies since its
inception in 1944 and even today many well-meaning economists recommend that Africa and Latin America
should increase their exports of products such as soy, cocoa, palm oil, coffee and meat, copper, wood,
petroleum, diamonds and coal to increase their economic growth159. These are woefully misguided
recommendations, as the data shows, and as elaborated upon later on in this chapter.160
Matters were made worse by the long standing IMF policy of devaluing developing nations’ currencies,
to the extent of making currency devaluation a pre-condition for its financial loan packages. While a devalued
currency can favor a nation’s exports, as China has shown in recent times, in practical terms, when coupled with
the exports of raw materials it means that developing nations’ raw materials are sold at very low dollar prices in
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the international market. This is not incidental. We are talking about arbitrarily low prices on a very wide range
of raw materials ranging from petroleum and wood products, to diamonds, copper, aluminum, gold and silver,
to agricultural commodities such as wheat, bananas, peanuts, coffee, cocoa and livestock. It may have seemed
like a good idea at the time (sixty years ago), but by encouraging the developing nations to specialize in
inexpensive raw materials and exports of primary commodities to the industrial nations that used them to
develop their economies, their technology and capital-intensive products,161 their own development was
curtailed. Figure 3.9, above, illustrates this. It is now widely accepted that resource exports have negative
effects, an issue called often called the ‘resource curse.’162 Yet international organizations and economists
everywhere have recommended for several decades to developing nations that they should increase their
resource exports, and continue doing so today.
Behind these trade recommendations is the theory of comparative advantages, a compelling concept that
was universally accepted in Western economic thinking when international trade was debated in the Bretton
Woods years, so much so that it eventually rose to the status of conventional wisdom around the world. As the
great economist John Maynard Keynes once said:
“Practical men, who believe themselves to be quite exempt from any intellectual influences, are usually slaves
of some defunct economist163
The defunct economist in this case was the great David Ricardo, who created the theory of comparative
advantages to repeal ‘corn laws’ and encourage trade between England and Portugal. Time has passed, but even
today, the concept of comparative advantages is still deeply ingrained in Latin America. Most economists in
Argentina say that agricultural exports are the comparative advantage of the country and that economic growth
should be based on the nation’s exploitation of its best assets? land and its animals. The same reasoning is
applied in Venezuela, Mexico and Ecuador who specialize in petroleum exports, Chile, which relies heavily on
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copper exports, used mostly for electrical appliances and telecommunication cables. 74% of South American
exports are resources or raw materials164, and the figure is 82% in Africa.165
In case the reader does not appreciate how deeply felt is the flawed logic of raw material exports, here is
a very recent anecdote, a real life event, that drives the point home. In March 2013 I had an opportunity to
observe first hand the logic of raw materials exports at work, and it is alive and well and ready to bounce back
at any time unless we clarify the danger it creates. At the time I was in New York giving expert testimony on
behalf of the Gixtaala’s First Nation – the aborigin group that is attempting to stop a pipeline that Northern
Gateway plans to build across their ancestral lands in Western Canada. I was cross-examined by the
representative for Northern Gateways, who asked me whether I knew how important was for Canada to export
oil to the US, and whether I did not think it would be an “economic catastrophe” for Canada if it had to cease to
sell petroleum to the US. His was the logic of raw material exporters that we are talking about. This is 2013,
and the testimony was taken at one of the leading legal firms in New York City, Denton. My questioner was
serious in asking this question. He did believe in the logic of raw material exports as a foundation for the wealth
of Canada. My response was that exporting raw materials may not be a good economic policy for Canada
altogether. I added that Canada is a great nation and its main wealth were not the tar sands from which oil can
be extracted for sale to the US and to China. Canada’s main wealth in my expert view is its people, and in that I
include the Gixtaala’s First Nation people whose extinction we could cause if an unfortunate oil spill from the
planned pipeline would take place reaching the proportions that Exxon Valdez incident had a few years before,
in 1989. Canada is a rich nation, and can make choices and has access to international finance. But in accepting
the deeply flawed reasoning of my examiner in the Northern Gateway pipeline case, and more generally the
trade- oriented policies that have been relentlessly promoted by the Bretton Woods institutions and even taught
in the leading universities of the world many developing countries who needed to combat poverty - like
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Figure 3.8; Source: World Trade Organization, 2005 Data
WTO World Trade Report 2007.

Ecuador with its Yasuni reserve -- had a hand in crippling their own economies. Yet the established trade
doctrines and the heavy policy hand of the World Bank and the IMF left them often with no choices. 166

Figure 3.13—WTO International Trade Statistics 2011

Figure 3.14—Percentage of exports from Africa and SA that are raw materials and IT production &
exports by region, WTO International Trade Statistics 2011
By the mid 1970’s, the problem with development based on exports of raw materials had become clear
to me and the Bariloche Model’s team. In reality, the problem had been identified earlier. In the 1930’s, the
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great Latin-American economist Raul Prebisch167, who created the Economic Commission for Latin America
(CEPAL) now located in Santiago de Chile, had already warned about the ‘secular deterioration of the terms of
trade’ of a nation that specializes in raw materials. The words terms of trade refer to the prices of what a nation
exports, in relation to what it imports. Lower terms of trade are bad news in the sense that the nation has to pay
more for what it imports, and receives less for what it exports. It has to pay more with less. It was Raul
Prebisch’s view that, over time, the world’s demand for raw materials would decrease with respect to the
demand for industrial products such as textiles, machine tools, white goods and consumer electronics. Industrial
products would become more desirable as the world industrializes. Prebisch anticipated a secular movement of
demand that would inevitably mean lower terms of trade for a nation that specializes in exporting raw materials.
As a solution, Raul Prebisch proposed that a developing nation should close its markets by increasing
tariffs on imports, and substitute the imports of industrial goods with its own homegrown industrial products.
This policy was rather popular at the time. It was called ‘import substitution’, and had been followed
successfully by other countries, such as the US, in crucial periods of its own industrialization168. However, this
type of policy was exactly the opposite of what the Bretton Woods Institutions set out to do in developing
nations since the 1950’s. Bretton Woods won.
By the mid 1970’s, I understood that Raul Prebisch was right in de-emphasizing exports of raw
materials for Latin America at that stage of the region’s development, although I disagreed with his idea of
closing a country to international trade. Interfering in international markets seemed futile to me, and not the
appropriate thing to do in any case. Interfering with the market institution seemed condemned to failure. And
international markets can bring nations to cooperate and innovate, and as Keynes said could help overcome war.
My view was that the liberalization of trade could, in some cases, have a positive influence on development,
that exports could increase economic growth because they allowed a country to produce for a larger market and
thus benefit from large scale production and mass consumption, namely from economies of scale. In my view
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the question was not whether to export. What really mattered was what to export or, in particular, the
composition of a nation’s exports.169 My view seemed outrageous at the time but more recently, Rodrick
substantiated empirically and updated my theory and results.170 I advocated exporting the type of goods that
make up most of the consumption of industrial nations, value-added products such as such as manufactured
goods, textiles, white goods and equipment, consumer electronics, and technology- intensive goods and those
goods where mass production and mass consumption would increase the countries’ productivity, where
economies of scale were possible.171 And in case the reader has questions about how realistic is this alternative
- yes countries can just change the kind of goods they sell. This is exactly how the East Asian nations built their
economies, by selling consumer electronics initially and now competing with the technology leaders of the
world, as the Korean firm Sony is doing with the American technology sweetheart firm Apple. It is a time
consuming process but China, Taiwan, Korea and Singapore showed it can be done and indeed that it is the only
thing that succeeds.
Following the completion of the Bariloche Model we advocated this position and explained that
specializing in the exports of labor-intensive raw materials was not the best strategy for developing nations’
success and the sooner a country climbed the global product ladder by creating technologically advanced goods,
the faster it would grow.172
By the mid 1970’s, when the Bariloche Model was completed, I had myself completed my PhD in
Mathematics at UC Berkeley and the coursework for my PhD in Economics, and took a position at Harvard
University as a Research Associate and a Lecturer, working with Kenneth Arrow, one of the greatest
economists of the 20th century. The year before, in 1973, Arrow had been awarded the Nobel Prize in
Economics for his work on the general theory of competitive markets that he had pioneered with Gerard
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Debreu.173 This theory, at the time, was Economics’ claim to fame as a science. Gerard Debreu also was
eventually awarded the Nobel Prize in Economics for his work in this area, and in 1976 he became the sponsor
of my second PhD dissertation, this time in Economics, while I was at Harvard University.
The illustrious Arrow-Debreu lineage was not lost on me. Nor was my excellent training as a
mathematician I received at MIT and University of California at Berkeley. Undeterred by the academic fashions
at the time, I decided to put my Mathematics to work and dare to go beyond Basic Needs policies into the
market underpinnings of successful development. I thought that developing nations had to find the right
international trade policies that were appropriate for their own economies, and that I could create a solid theory
to achieve just that, one that could compete with Ricardo’s beautiful comparative advantages approach. How
did I do it? The story of how this was achieved is unusual and to many an almost unbelievable feat for a single
young mother who arrived in the US directly from high school in Argentina to compete with men in PhD
programs in the rarified world of Mathematics and then Economics at the top US universities like MIT and UC
Berkeley. In many sleepless nights while my baby was in his cot near my bed at my room, and later on at my
apartment, I took to pieces the Arrow-Debreu model of general competitive equilibrium that represented in a
succinct system of equations the entire behavior of a market. I then adapted this system of equations it to
explain international trade between the rich and the poor nations and its connection with the satisfaction of basic
needs and the use of environmental resources. I relied for this purpose on my own insights and experience of the
real life and economics of developing nations. I focused on economies where the industrial sector is very
different in technology terms from the agricultural system – which I called “dual economies” – and where there
was a rapid and vast migration of labor from the country side to the cities – which I called “abundant labor”.
The classic theories of trade instead assume similar technologies across the economy and a fixed supply of
labor, which change totally the results of what it means to base economic development on exports. In doing this
I used also the work of another developing nation’s native, Sir Arthur Lewis,174 who later became a Nobel
Laureate in economics. I cannot start to explain to the reader what a major step this was for my entire life within
the rarified Ivy League academic world. At the end I produced a model of North-South trade that became
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widely used at the United Nations and in academia, some of which is now considered classic work in
international trade and the environment.175 Sir Arthur Lewis’ work was a forerunner of my efforts. In the
1950’s, Arthur Lewis wrote a path-breaking piece called ‘Economic Development with Unlimited Supplies of
Labor’, in which he showed the striking differences between the economies of industrial and developing
nations, and why they should be analyzed in different ways, using different tools. Arthur Lewis had been born
in Castries, St. Lucia, British West Indies176, and was the first, indeed the only, black economist ever to win a
Nobel Prize in Economics.177 His results had important consequences for trade policies of developing nations,
diverging as they did from David Ricardo’s comparative advantages. Arthur Lewis focused on one
distinguishing feature of developing nations, namely, their labor markets, observing that when countries start to
industrialize, people migrate rapidly from the subsistence sectors in the countryside into the market economies
of the cities. This readily observable migratory pattern persists today in countries at early stages of development
such as China.178 Sir Arthur Lewis showed that, under those conditions, many of the neoclassical economic
results of American and European economists ceased to apply. Workers did travel into the cities in American
and European development – but export policies in industrial nations occur by definition after industrialization
has occurred, when the move into the cities has stabilized or at least has a drastically lower scope. For example
right now in China 500 million people are moving from the country side into the cities, almost twice the entire
population of the US is involved in this migration. The established theories of international trade – for example
the Swedish Heckscher Ohlin’s classic theory of trade - assume a fixed population of workers. And therefore
these theories do not apply and should not be applied to developing nations where rapid migration is occurring
from the countryside into the cities. In Arthur Lewis’ formulation, labor is available in unlimited supplies at
subsistence wages in underdeveloped countries. Lewis was black, the first and only black economist to win a
Nobel Prize, and the first economist who studied “economic development with unlimited supplies of labor” and
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his work was very controversial at the time. He showed that even if a country’s exports increase, under the
conditions of unlimited labor supplies, wages will always remain low and near subsistence level. Before
describing the rationale for this position, it is instructive to see the ramifications. Figure 3.15 contrasts Arthur
Lewis formulation with the customary assumption of a fixed supply of labor that is used in the classic
Heckscher-Ohlin models of international trade that is taught in US Universities and around the globe.

Figure 3.15—Arthur Lewis Economy with Unlimited Labor Supplies v. Heckscher Ohlin’s model
and the North-South Model
It is worth explaining the enormous difference made by Lewis’ apparently small change in labor market
specifications. To understand the logic , the following helps. Under Arthur Lewis’ realistic assumptions of
unlimited labor supplies, increasing exports of labor intensive goods leads to larger quantities of people
employed at marginally subsistence wages, the minimum wages needed for survival. Therefore workers do not
benefit much from increased exports because the unending inflow of workers depresses wages; they always
remain barely at subsistence levels. What eventually transpires is the economic equivalent of a dog chasing its
tail. As the country exports more and more goods to the rest of the world at the same low prices that are linked
to low, subsistence wages, more labor migrates into the increasing market so that, in per capita terms, the
economy may be poorer than before, and the country remains mired in poverty, which then begs for more
exports. The comparative advantage of developing countries in the world market is as low cost suppliers of raw
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materials to the North who, in turn, use the ingredients to manufacture high-end goods. The North thrives; the
South is stuck in a poverty trap.
By contrast, in Ricardo’s view of markets with fixed labor supplies, the conventional wisdom prevails:
increasing exports lead to more people employed at higher wages.

Figure 3.16—David Ricardo comparative advantages
In Ricardo’s world, more exports defeat poverty, and lead to a transition in comparative advantages
away from labor - intensive goods into capital intensive goods. In Ricardo’s view, as wages increase gradually,
they change the nations’ comparative advantages. Figure 3.16 above shows this clearly. In Europe, where these
conventional conditions reign, the concept of comparative advantages works as theory suggests, meaning that
increasing exports improves the workers’ conditions. This was a basis for David Ricardo’s recommendation for
opening trade between Portugal and England. He was right then.
But the conditions reigning in industrial nations studied by Ricardo are very different from those that
prevail in the developing nationsThe difference stems completely fro the fact that they are in different stages of
development – and the situation described by Lewis does not hold true in the North. The reason is that massive
labor migration from the country side to the cities ceases to occur when a nation has already industrialized and
the population is mostly urbane. For example in the US less than 2% of the population lives in the countryside,
while in China at present this number is close to 40%. This is the essential difference we are talking about. The

difference stems completely fro the fact that they are in different stages of development – and the situation
described by Lewis does not hold true in the North. The reason is that massive labor migration from the country
side to the cities ceases to occur when a nation has already industrialized and the population is mostly urbane.
For example in the US less than 2% of the population lives in the countryside, while in China at present this
number is close to 40%. This is the essential difference we are talking about. Lewis showed that under his more
realistic representation, which is appropriate for a developing nation, increasing exports leads to more and more
people working in near-starvation conditions, a situation that only benefits the importers of raw materials in rich
countries. Lewis saw that a different type of economic theory was needed to understand the development of a
poor nation that was just beginning its process of industrialization. So the difference is based on the fact that the
nations are in different stages of development. Lewis' eloquent theoretical expression paralleled my own
experiences and observations while I was growing in Argentina where I spent my formative years, while I
visited the North of the country and saw the process of development take place in front of my own eyes.Juan
Peron for example relied strongly in agricultural workers moving into the vcities to obtain his political base, the
votes that secured his reelection as a president. General Peron famously sent trucks to the countryside to bring
workers that wanted to abandon the medieval world of the “latifundios” in the great Argentinian’s Pampas, and
join the brave new industrial world. They came in trucks into Buenos Aires during election time singing “los
muchachos Peronistas” (the Peronist youth) a famous song that characterized this period and this movement
I spent many years, indeed decades of my life, developing the model of trade and development that was
needed—a different type of economics that would represent the economic reality of developing nations.179 In
the process, I had several enlightening debates with the UK economist James Mirrlees,180 a Nobel laureate in
Economics, who questioned whether developing economies have indeed a different type of economy, or
whether anything else than using the received wisdom to understand developing nations was simply an error of
interpretation. In all these years Jim Mirrlees’ position on the matter has hardly changed.
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Earlier, I had advocated a concept of Basic Needs that defied the conventional measure of GDP used in
industrial nations to measure economic progress. But Basic Needs occurred in a world in which the targets were
set by our choices, our values. There was no place for market conditions to decide on Basic Needs. As I grew
up, I started to see the importance of market economics in deciding what the economy produced and how it was
distributed – whether or not Basic Needs could ever be satisfied. In 1978, I decided to take the bull by the horns
and tackle a market economy so as to understand the intercourse between satisfying basic needs and the
functioning of a full fledge market system. For this purpose I took the classic model of Arrow and Debreu a
competitive market – the essene of capitalistic economics – and developed a new general competitive model
similar in rigor to those created by Arrow and Debreu, but this time emphasizing the characteristics that I knew
applied to developing nations, such as abundant labor and dual technologies.181 My formulation had points in
common with Arthur Lewis’ work, such as the abundance of labor that characterizes developing nations’
economies. I created a model of North-South Trade that allowed me to consider trade relationships between two
types of nations, one industrialized and the other developing.182 Using my North-South model, I showed why
trade policies that emphasize labor-intensive exports of raw materials could be a wrong-headed strategy, and
how it would backfire in developing nations. I also showed what to do about it: industrialize, grow and
specialize in exports of value added, manufactures, technology products, and the industrial sector of the
economy—and pay more attention to internal markets. This is exactly what was done by the East Asian nations
that succeeded in industrializing starting from poor developing nations at the end of World War II, such as
Korea, Singapore, Taiwan. These poor nations were able to execute enormous transformation using the policies
described here. This is exactly what Brazil is trying to achieve right now as a BRIC nation, ten years after
adopting Basic Needs strategies with great success

The term ‘Dual Technologies’ refers to the fact that the economy has two very different sectors: an industrial sector is very capital
intensive, and a basic goods sector is instead very labor intensive. The concept of ‘abundant labor’ I used is similar to but different from, Arthur
Lewis’ concept of “unlimited labor supplies”, in the sense that it describes a labor market where small increases in wages lead to large increases in
the supply of labor. In the case of Arthur Lewis, however, the increases of labor supply in response to wages, is infinite.
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My work became quite controversial leading to various issues of the Journal of Development
Economics183 dedicated to clarify and elucidate the results, and two great economists, Kenneth Arrow and
Amartya Sen, wrote their own interpretation and views on my work in a publication by the United Nations
Institute for Training and Research:184 Kenneth Arrow wrote:
“Methodologically the papers are exemplary applications of general equilibrium analysis. … It is shown that
the individual equilibria are stable in the usual sense of general equilibrium theory”… “The economies export
what the author calls “basic” commodities, which are, more or less, the commodities consumed by wage
earners. … Very loosely the argument (about the impact of increasing trade) is the following. Suppose the rise
in export demand for the B commodity were followed by an increase in its price. Since its production is highly
labor intensive, there would be a rise in real wages and, since labor supply is quire responsive to real wages, a
considerable increase in labor supply. The rise in both real wage and labor supply increases even more rapidly
the domestic demand for the B commodity, since it is all directed to the B commodity. Hence supply available
for exports would decrease, and therefore would not match demand for exports. It follows that the only way the
export demand would be met under the conditions should be a decrease in the price of the commodity B and of
real wages.185 This point is revealing as a possibility, and its detailed execution in a model a complex task well
performed on the whole… ”
Amartya Sen’s review contained remarkable insights that explained the strong reaction of some of our fellow
economists, and spilled over the history of economic thoughti:
“One criterion that I have found very effective to evaluate the importance of theoretical work in thinking about
past contributions in economic theory and their relations to policy, is the ability of a model to throw up
surprising conclusions with unsurprising assumptions. The unsurprising nature of the assumptions makes the
model of potential interest, and the surprising nature of the conclusions converts that into actual relevance.
Works of such varied nature as Ricardo’s analysis of the impact of corn prices on industrial production and
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prosperity and Keynes’ treatment of money wages and unemployment have had these dual characteristics…
Judged in these terms, article (1) by Chichilnisky must clearly be seen as a front runner….
Article 1 (“Terms of Trade and Domestic Distribution: Export led Growth with Abundant Labor) is, in fact, a
major contribution to the economic theory of development….”186

These reviews by Kenneth Arrow and Amartya Sen fed the ongoing debate on economic development at the
time, and attracted further attention on my work. But, in the end, the theory of comparative advantages would
have to be judged on its own merits. It was widely adopted in industrial nations and mostly on the basis of
examples and political views – but did not have the test of time, it still needed to be judged as applied to
developing nations. Theories can be a beautiful thing but theories are designed to describe reality, not obscure
it. Thus, when we open our eyes, we see a persuasive alternative to traditional economic theory. A powerful
reality test of my ideas was provided by the evolution of Latin America in the 1980’s onward compared with
the evolution of the East Asian economies. Latin America and Africa are the two regions in the world that still
specialize in the exports of raw materials and labor-intensive basic commodities. In comparison to the rest of
the world, their economies are going nowhere. Latin American and African nations have followed the theories
that have given them the comparative advantage of low wages –and stunted the growth of their domestic
markets.
Specializing in exports of raw materials is not a good omen for economic progress. It is not even a good
omen in petroleum exporting nations, as the data shows and will be discussed in the next chapter.187 The gains
are at best temporary and volatile, do not result in productivity increases and often compromise the stability and
peace of the nation as well as its long term economic progress.188 In striking comparison with Latin America
and Africa, the East Asian economies have followed a very different path, focusing on internal markets and
specializing in the exports of industrial manufactures, knowledge or capital-intensive products. Taiwan, Korea
and Singapore all specialized in products with high value added. Today India is the world’s largest exporter of
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software in the world, and China is the largest exporter of IT products in the world.189 Figure 3.17 shows the
striking participation of East Asian economies in world trade of IT products, and the equally striking lack of
participation by Africa and Latin America in this crucial sector of the global economy.

Figure 3.17—World Trade of IT products by region, WTO International Trade Statistics 2011
Dani Rodrick put the matter succinctly:190
“What we learn from China’s success is the same that we learn from the success of the entire East Asian
region…. The Chinese economic juggernaut is the creation of much more than the traditional forces of
comparative advantages”
“What matters is the quality of a nation’s exports. We measure this by the level of income associated with the
basket of exports of a country. A high quality of exports corresponds to the exports associated with a rich
county’s consumption. China is unusual because the income level of its exports is significantly higher than what
would have been expected from its own level of income. Countries like Argentina, instead, exported exactly
what could have been expected from their level of income… All the comparisons indicate that those countries
that specialize in exports corresponding to levels of income above their own, grow much more quickly.”

How does this all happen? Why do resource exports policies fail? It is worth providing a detailed
analysis to explain the workings of the system, which has not been done until now. International trade has
different effects on an advanced industrial economy than it does in a poor nation with very abundant labor.
David Ricardo was right at the time, in the 18th century, but his theory did not apply to the 20th century
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developing nations. In those nations Arthur Lewis’ formulation, and mine, were more to the point and more
consistent what has in fact occurred.
The bottom line is that the economies of industrial and developing nations are very different. Few
developing nations have been able to escape the fate of raw materials exporters and moved into exporting
knowledge-based industrial products. But the point of these stories is that they moved away from resource
exports to succeed. Still, today most of the world’s exports of natural resources come from unsuccessful
developing nations in Latin America and Africa. Their over extraction of resources are now affecting the entire
world economy, through their effects on the global environment. It seems important, therefore, to pause in order
to describe how exports of raw materials can lead to losses for the exporting nation and for its people, what
works and what does not work, and why. This would, however, happen in a poor country where labor is very
abundant and where there is a technologically advanced sector along with a labor-intensive sector that
produces commodities for export.
Specifically, a poor country with abundant labor does not benefit from increasing its exports of raw
materials or labor-intensive basic goods. On the contrary, in such a country increasing exports of labor intensive
raw materials or commodities actually decrease the price of these exports in international markets. Increasing
exports leads only to lower terms of trade and through this to lower export revenues as well as show in early
work.191 Thus, at the same time, it lowers the workers’ wages and increases inequality in the exporting nation
where large portions of the population are engaged in export lead industries.192 This would not happen in an
industrial nation where, using the standard specifications, labor is relatively scarce and technologies are similar
between all sectors of the economy.
To be fair, trade among the industrial nations today is the majority of world trade, about 68%, 193 and
this explains why economists focus on trade among the industrialized nations. But the data could be misleading.
In market terms, industrial nations’ exports are very expensive and raw materials often very inexpensive: this is

Chichilnisky, G. “Terms of Trade and Domestic Distribution: Export led Growth with Abundant Labor” Journal of
Development Economics (1979) op.cit.
191

These findings are consistent with R. Barro’s empirical work reported above, showing openness to trade leads to more inequality in
developing nations, see R. Barro Techint Report, op.cit.
192

why we measure trade among rich nations as much more important than trade between the North and the South.
But the world is changing. Now China alone represents almost 9% of all the world’s exports,194 and Japan is
now its largest export market. The world’s largest software exporter is India. 195 China, and India are
development success stories: nations that moved away from exporting raw materials into exporting knowledge
based industrial products.196
Then following point is crucial and can now be provided since the pieces of the puzzle are now in place.
The reason behind the mess lies in the dynamics of supply and demand in a developing nation, which set up an
unexpected ‘competition’ between more consumption at home, and more exports. An increase in wages or
employment typically leads to more domestic consumption. This is as it should be: people consume more when
they have more income. These are all normal market forces, only to be expected. But in an economy where
people are near starvation, the only way to increase exports of commodities, food or raw materials, is to detract
from domestic consumption, a cruel choice. In Argentina, for example, the government used to impose
restrictions on the domestic consumption of beef to have more supplies available for exports. There was a
moratorium on beef purchases some days of the week, Tuesdays and Thursdays, so more beef would be
available for exports. The bottom line is that under these conditions, the only way to increase exports is to
curtail domestic consumption, and lower income, in turn, is associated with lower consumption. You can see the
hole that is being dug.
Therefore lower wages and lower levels of domestic employment mean more exports. There is a cruel,
vicious circle: exports increase when wages and employment drop, so people at home consume less. The lower
wages mean lower commodity prices. Therefore the country becomes more competitive in international markets
through the poverty and the deprivation of its people. This effect is so acute that Amartya Sen once keenly
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observed197 that famines occur in nations that are at the time increasing their food exports. The potato famine in
Ireland is a famous documented case, but Sen’s work documented many other such cases. Another example is
the Bangladesh famine of 1974, where the availability of food per head, including food production and net
imports, in 1974 was higher than in any other year during 1971 – 1976198ii. Mukul Majumdar and Nigar
Hashimzade state199
“Famines often occur without a substantial decline in aggregate food availability.”
And Amartya Sen states200
“… starvation is a matter of some people not having enough food to eat, and not a matter of not being enough
food to eat.”
In a perverse way, a developing nation that exports labor intensive raw materials becomes more competitive as
its people starve201. As pointed out by Arthur Lewis, the only ones who benefit from the situation are the
foreigners who can import commodities in larger amounts and at lower prices, exacerbating the problems in
developing countries. In such cases, labor-intensive exports do not help and the nation’s economy languishes.
We saw that the goals of the Bretton Woods institutions were to make inexpensive and abundant
resources available to their institutions’ leading nations, and they succeeded in their goals. But the other side of
this coin was poverty and deprivation in developing nations together with excessive consumption of the world’
resources in the North. This uneven give-and-take created the most severe environmental dilemmas we face
today.
My results on international trade for developing nations that I mentioned – how the classic theory of
comparative advantages did not mean that developing nations should specialize in raw material exports - were
considered somewhat heretical at the time. Classic theory of international trade is the foundation of modern
economics and a sacred cow in top circles where I have spent all my academic life. The records show that Sir
Arthur Lewis’ results faced a similar fate when they were first published in 1949. My work was published in
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1978, when most economists believed the conventional wisdom of the time, namely that a country with
abundant labor should export labor-intensive products. This theory was famously called ‘export led growth.’
Only the East Asian nations that refused to specialize in labor intensive commodity exports, and natural
resource exports succeeded in developing. In 1979 I published a couple of articles explaining this phenomenon
in the MIT Journal of Development Economics, as part of a United Nations project (“Terms of Trade and
Domestic Distribution: Export Led Growth with Abundant Labor Supply”)202 that I directed at Columbia
University and Sussex University in the UK. Somewhat paradoxically, some of my colleagues at Columbia,
Ron Findlay and Jahgdish Bhagwati, born in Burma and India respectively, and proudly educated under Paul
Samuelson at MIT in Cambridge Massachusetts, took exception of my results. They apparently believed that
my results contradicted the wisdom they had received and believed in, and undermined their own contributions
about the advantages of free trade and of comparative advantages, and favored ‘export led growth’ as the
solution to the development problems of the time. Not surprisingly, both wrote extensively against my work.203
In a somewhat unexpected move, another colleague, Professor T. N. Srinivasan of Yale University, a co-author
of J. Bhagwati in his comments about my work, wrote to the United Nations saying that my trade results
advocating a shift away from raw materials and commodity exports were ‘dangerous,’ thus creating a certain
amount of concern and confusion that took a bit of time and effort to clarify.
At this time, the United Nations saw the makings of an important debate on economic development, and
asked Kenneth Arrow and Amartya Sen to review my results and provide their recommendations for global
policy. The outcome was an interesting publication by the United Nations that embodies these academic
luminaries’ views on these results and their own theories of economic development, some of which were quoted
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above.204 Their reviews were important for the ongoing debate on economic development at the time, and of
course for my own work. But, in the end, the theory of comparative advantages would have to be judged on
how it actually panned out for developing nations. The striking success of the East Asian economies and the
equally striking stagnation of many Latin American and African nations illustrates what the data has shown:
that developing nations’ growth is compromised when they specialize solely on raw materials and commodity
exports. Embedded in my results are important lessons for Latin America and Africa about what to do and what
not to do in the future, and why. Even today, the situation in Ethiopia is a painful reminder of the tragedies
caused by inappropriate economic policies. In 2012, Ethiopia is facing a potential famine: the indices of
malnutrition and poverty are alarming.205 And yet Ethiopia has increased its exports of food rapidly in the last
few years,206 (from $345,060,000 in 2000 to $1,768,020,000 in 2011) and it apparently plans to increase its food
exports much further in the near future.207 How can this be? This is a replay of obsolete theory and the
monumental price that citizens pay for it. The situation is perverse, but it is exactly what the economics
described in this chapter would predict. Food exports can only increase in a nation such as Ethiopia at the
expense of domestic consumption. Rapidly increasing food exports in Ethiopia are causing malnutrition, and the
mounting starvation may soon qualify as famine. Time is running out for millions of children and adults in
Ethiopia whose lives are at stake. Something must be done to stop this madness. When will we learn?
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Exports of raw materials and commodities have been an important determinant of poverty in the
resource-exporting regions in the world. But it turns out that the effect of resource exports does not end here. A
few years later, in 1994, I uncovered another key piece of the puzzle, this one linking exports of raw materials
with the most important global environmental problems of our times. That is: faulty export policies, the
entrenchment of poverty, and environmental degradation are connected in the market economy. I specifically
examine the role of natural resources within our global economic puzzle in the next chapter.

Chapter IV
Who Owns the World’s Natural Resources?
Petroleum, diamonds and gold conjure up visions of vast wealth and luxuries beyond one’s imagination.
Such visions accompany the public images of the United Arab Emirates and the Kingdom of Saudi Arabia, as
well as the gold and diamond exporting nations in Southern Africa. Upon closer examination, however, it turns
out that gold and diamond exports are not associated with economic success, and in the last decades a somber
message has emerged about nations that export petroleum208. Not all that shines is black gold. (Can you say this
in a way that is not quite so flat? Expand a bit? It seems fair to say that a great deal of concern today surrounds
the issue of natural resources and their connection with economic progress. )
While international trade is crucial to a nation’s economy, economists and political scientists have found
a (Is this too general-sounding somehow? You mean an increasing recent connection? baffling and unfortunate
connection between violent conflict and the export of natural resources—more on this below.) In Nigeria,
Africa’s top petroleum producer and the world’s eighth largest oil exporter, militants in the Niger Delta region
are destroying the oil infrastructure by attacking oil installations of the Anglo Dutch oil company Royal Dutch
Shell in a so-called ‘oil war,’ fanning out to other companies in neighboring states. This conflict “will continue
to nibble every day at the oil infrastructure until the oil exports reach zero.”209 In Latin America, Venezuela,
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Nigeria, the largest oil exporter in Africa, Venezuela the largest oil exporter in Latin America and Iraq one of the largest oil exporters in
the Middle East, are all suffering serious conflicts and strife. In 2008, a group called Movement for the Emancipation of the Niger Delta, and its

the largest oil producer, confronts violent opposition?/conflict to its democratically elected government and its
petroleum policies. The indigenous population in Ecuador, which makes up 60% of the nation, has for many
years violently resisted oil exploration and extraction from the Ecuadorian part of the Amazonas, where most of
their subsistence comes from210--Ecuador is a nation where petroleum makes up 60% of exports. At the same
time, the industrialized nations that import and consume most of the world’s natural resources cause a panoply
of the world’s environmental destruction.
International trade on resources can be Janus-faced. From one viewpoint, international trade has
provided a reliable ticket to economic progress since the Bretton Woods institutions took over the management
of the world economy after World War II. (Repeated many times, cut? Their main economic philosophy and
mandate was to liberalize international markets and expand international trade, and they succeeded hands down
on this task. ) International trade is today a powerful force that fuels globalization. The rapid and apparently
irresistible integration of the world’s nations into one global economy, and the attendant integration of human
societies into a global group, are the products of the extraordinary expansion of international markets since
World War II.
This optimistic view of international trade is further supported by the evidence that, among the
successfully industrializing nations, those that increased their participation in international markets are also
those who have grown most effectively since the post war period. The East Asian economies of Japan, Taiwan,
South Korea, Singapore, Hong Kong and China as a whole are all success stories that achieved economic
development while accomplishing prodigious feats of international trade. Perhaps the most outstanding success
story of them all is China, the latest and most salient example of this trend. Chinese participation in world trade
is as extraordinary as is the overall performance of its economy. China’s share of world exports in 8.69% and
92.4% of these exports are manufactured goods211. In the critical Information Technology sector, China is the
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world’s largest exporter, showing a 40% growth annually and representing 14.8% of world exports in 2005.212
Indeed, in many cases growth and international trade have seemed to go hand in hand in the last two decades.
At the same time the empirical evidence shows a persistent negative connection between income
distribution and trade in the developing nations that emphasized export-led growth, as had been predicted on my
early work.213 Developing nations that emphasized exports of labor-intensive products—through taxes, fiscal
incentives, or otherwise—have shown consistently increased inequality of income at home. For international
trade involving natural resources there are consistent negative effects on growth as well.214

Figure 4.1a—Robert Barro. “Inequality and Growth Revisted.” ADB January 2008

212

See World Trade Report 2007 WTO: http://www.wto.org/english/res_e/booksp_e/anrep_e/world_trade_report07_e.pdf , United
Nations Statistics Division Commodity Trade Statistics Data Base, COMTRADE http://comtrade.un.org/db/default.aspx and UNCTAD
Handbook of Statistics 2008, http://www.unctad.org/en/docs/tdstat33_en.pdf
213
Chichilnisky, G. “Terms of Trade and Domestic Distribution: Export led Growth with Abundant Labor” Journal of Development
Economics, 1979, and “Terms of Trade and Domestic Distribution: Export led Growth with Abundant Labor A Rejoinder to Rejoinders” Journal of
Development Economics 1994, Chichilnisky: “North South trade and the Global Environment” AER 1994, and R. Barro, 2005 Techint Report,
op.cit.
214
Graciela Chichilnisky and G. M. Heal Oil and the International Economy Clarendon Press, Oxford University Press, and more recently
Robert J. Barro, “Inequality and Growth: Revision” Boletin Informativo de Techint no. 324, ISSN 0497-0292, pages 9 to 24, Sep/Dec 2007.

Figures 4.1b—Negative correlation between International Trade and Domestic distribution from Robert
Barro’s article
Globalization is closely tied with international trade. It can be measured by the proportion of the world
economy that is internationally traded, figures that capture the fact that each nation’s economy is increasingly
connected to others through trade. There is a rising tide of opposition against globalization across the world, and
international trade is the driving factor. The opposition towards globalization is largely concerned with the
impact of international trade on a nation’s natural environment, and on the welfare of its lowest paid workers

and of other vulnerable segments of a nations’ population. Both problems derive from increasing exports of raw
materials.215
Sweatshops and child labor are associated with the incursion of transnational corporations’ use of
inexpensive local labor to produce goods for exports, and both foreign and domestic companies have been
accused of raping earth, air, and water in the name of competitive trade practices and profit. Also in the mix are
the negative impacts on a nation’s water and air quality and its natural resources. Many perceive an everexpanding international market with the attendant heightened competition as an evil force in the world
economy.
The US is not immune to this perception, particularly today when many US jobs are being lost to
overseas competitors or outsourced to developing nations. The US Council on Foreign Relations216 estimates
that 400,000 service jobs have been lost to offshoring since 2000, with up to 20,000 jobs a month moving
overseas. This is in addition to the 2 million manufacturing jobs that are estimated to have moved offshore since
1983. These numbers are predicted to rise, with white-collar offshoring increasing at a rate of 30 to 40 percent
over the next five years. By 2015, roughly 3.3 million service jobs will have moved offshore.217 The US is
among the three top outsourcers in the world (US$41b), with Germany and Japan. Jobs have moved to
Singapore, Hong Kong, Papua New Guinea, India, and elsewhere. The main outsourcing sectors as of 2001
were Telecommunications, Finance and Banking, Computer Services and R&D. 218 One cannot call an airline or
hardware vendor today without talking with a service agent in a country that is halfway across the world. 219, 220,
221
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Including 1.7 million "back office" jobs such as payroll processing and accounting, and 473,000 jobs in the information technology
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Including 1.7 million "back office" jobs such as payroll processing and accounting, and 473,000 jobs in the information technology

The American young are particularly concerned today about globalization. Columbia University
students recently organized an event in New York City, called Coping with Globalization, where Professors
Robert Solow of MIT, a Nobel Laureate economist who specializes in economic growth, and Paul Krugman of
Princeton University who is also a journalist, both staunch defenders of free trade, shared with a packed house
of concerned students their grave concerns that globalization is hurting the lowest paid workers in America,
undermining their jobs and their pay. Since skilled Chinese labor costs today about 5% of US labor, and
Mexican’s labor about 11%, the US worker is indeed under increasing competitive threats today from their
overseas counterparts. There are increasing calls for protecting US markets within the US Congress and
elsewhere. Some of these calls ask for limits in the free movements of goods into the US, and others for limits
on the free movement of people namely restrictions on immigration. Concerns about the negative impacts of
market liberalization go well beyond the current USA’s protectionist inclinations to shield its workers and
markets. One of the reasons for the sound and fury around offshore outsourcing jobs today is that it seems we
have entered a new era in which the US worker competes not for low skill and low value added jobs, but rather
for low skill and high skill jobs, low value added and high value added as well.222Is what you are saying in the
previous sentence that, at the beginning, outsourcing involved low-paying jobs and now it is increasing among
more white collar, upper income jobs in the context of an already disappearing middle class in America? It is
estimated that 2.8 million US jobs were lost to China between 2001 and 2010.223 US companies are now able to
move software programming, accounting, or telephone call center operations to lower wage locations.224
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Lawmakers in the US have recently tightened rules and the enforcement for the use of visas,225 increased “Buy
American” requirements for federal procurements,226 and require future trade agreements to include labor,
environment and other baselines to reduce foreign market’s cost advantages, banning companies that move
operations offshore from access to government contracts.227

(Say this in a way that makes it seem less like another repetition of what you have already said: Trade
liberalization is considered a mixed blessing, and there is some merit to this view.) For better or worse, trade
touches many lives in all countries. Where does the truth lie? Is an ever-expanding international market a force
for good, or is it a problematic development that we ought to protect against? Is globalization a positive or a
negative force for the world economy? The simple answer is ‘neither;’ a reply, I’m sure, that is deeply
unsatisfactory. It is now well accepted that unimpeded trade liberalization has not helped the African economies
in the last few decades, nor has it helped the US economy in crucial periods of its industrialization nor Latin
American economies, as was shown by the data presented in the previous chapter from Robert Barro and Dan
Rodrick.228

inputs such as parts or materials that were previously provided within the firm. This process of vertical disintegration applies o goods and services used as intermediate
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Figure 4.2a—World Bank data

Figure 4.2b—Dani Rodrick. “Sea Changes in the World Economy.” Paper prepared for the Techint
conference, Buenos Aires, August 30, 2005 and World Bank 2010 data

Figure 4.2c—Cato Institute data

Figures 4.2d—World Bank data
The same issues have loomed large since the mid 1970’s. This was the period when Latin America was
reconsidering its open markets policy and consequently adopted a policy that underscored their perceived

competitive advantage in the trade of raw materials that was finally adopted to the region’s detriment today. 229 I
stumble over the previous. You are talking about more export of their natural resources, as you have
previously? A step away from the policies you would have favored? Eventually the issue would be simplified
(by Latin American experts?) and traced back, step by step, to one of the most classic topics in economics, a
compelling topic that has obsessed many classical thinkers who, to a great extent, have shaped the world
economy to this day. To get a fresh perspective on the topic, it might be beneficial to reframe the question to
‘why countries trade’ or, more generally, ‘why people trade’.
Markets are where nations trade. They are, of course, a widely held raison d’être in economic thinking.
Besides the family, which is one of the most basic productive units, markets are perhaps the most pervasive
form of economic organization known to humans. It is not surprising, therefore, that people should obsess on
the topic of ‘why countries trade’. Why is there an international market? Why do markets exist? And why do
humans trade?
People trade, presumably, because they are better off trading than not trading. This may not have been
the case in hunter-gatherer societies, but it is a simple and unimpeachable rationale for why people trade in our
modern economies. Yet it leaves a few important issues unexplained. How precisely do people gain from trade?
Are there losers from trade and, if so, who? And why would international trade favor the economic growth of
some nations, and not of others? For this, we need to understand what makes nations grow, and the way
international markets are connected with a nation’s economic growth. These are not simple matters.
The first time I asked myself these questions in the mid 1970’s, and even today, I faced disparate
responses from an enormous and intimidating body of history of thought. This is where one separates the girls
from the women, I thought for myself, the point where one has to develop the courage of one’s insights and
convictions and forge ahead whatever the consequences. The standard explanation for gains from trade is
traceable to the idea that voluntary exchanges make the various parties better off. Each gives up something
expendable in order to obtain something they value more highly. This standard ‘gains from trade’ explanation is
traceable to the classic theory of comparative advantages. As previously described, this was the essence of
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David Ricardo’s insight. Prior to him, the founding father of modern economics, Adam Smith,230 introduced a
related theory of how markets work, which he called the invisible hand. In Smith’s view, markets have the
uncanny property of achieving the public good through the pursuit of individual gains. Almost by magic, greed
is transmuted by the invisible hand of the market into the social good. And more to the point, through
international trade, countries achieve optimal outcome for the world by pursing national self-interest. These are
extraordinary claims, I thought, and they appeared to be particularly sharp and controversial from the vantage of
the great late British economist Joan Robinson, who wrote “the invisible hand always works, but sometimes it
works by strangulation.”231 Robinson was particularly concerned with the (implacable logic of the market?,) and
its equally implacable impact on poverty and starvation. The current dire food market in Ethiopia that was
mentioned in the last chapter, where food exports increase in the face of domestic malnutrition and food
deprivation, makes Joan Robinson’s point painfully clear and present.
Adam Smith’s invisible hand remains one of the pillars of modern economics. Indeed, after World War
II, while the Bretton Woods institutions were starting to reshape the world economy, two young economists set
out to provide formal mathematical proofs of Adam Smith’s ‘invisible hand’ theorem that would eventually
became the core of economics as a science. Kenneth Arrow was then a young PhD researcher at the Cowles
Foundation at the University of Chicago, and the late Gerard Debreu was a recent French PhD in Mathematics
then visiting Yale University.232 These two economists gave birth to a formal theory of markets that we now
call general equilibrium theory. They achieved this goal by means of one fascinating slight-of-hand. Here is
how it happened.
When Arrow and Debreu began their work, economists accepted the role of the market in determining
the prices of goods and services in the economy, but they were deeply divided on how exactly prices adjust so
that supply and demand eventually meet to clear all markets. Everybody saw that there were no big stockpiles
of goods lying around, so somehow the markets did clear and demand met supply. But the question was how—
and there was a deep division on this issue. Both Arrow and Debreu—who did not know each other at the
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time—solved the issue by cutting the Gordian knot? in exactly the same way. They set aside any consideration
about how the price adjustment takes place, and how economies move towards market clearing, and focused
instead on the points where supply and demand have already met so that the markets are clear. Their
contribution was to avoid all controversy on adjustment processes and focus their formulation of a market
economy on what was universally agreed upon about markets, namely the meeting of supply and demand, and
the prices that go along with them. These are called equilibrium prices because they equilibrate supply with
demand. And because all markets simultaneously interact with each other in reaching such an equilibrium, in
time their theory became known as the general equilibrium theory of markets. The insightful but unusual
solution offered by Arrow and Debreu has baffled over time many people in other mathematical disciplines,
such as physicists, and it still does so today, (this completely confuses me: because a market equilibrium is
defined without a dynamic adjustment process that shows us how to get there.) Never mind, that was precisely
the contribution of Arrow and Debreu. And it did its job, because since then we have an agreed mathematical
formulation of market economics. Furthermore, both Arrow and Debreu showed that, in equilibrium, the
invisible hand theorem of Adam Smith operates. The prices that equilibrate all markets induce optimal social
allocations of resources. They are called Pareto optimal allocations.233 In plain English, this means that there is
no way that allowing the free market to find its equilibrium? to rearrange goods and services to make everybody
better off in welfare terms. One may say that the market knows best.
Kenneth Arrow told me that the great late Dutch economist Tjalling Koopmans234, then at the Cowles
Foundation in the University of Chicago, suggested to him and to Gerard Debreu that they should join forces,
since they were working on the same problem, a mathematical ‘proof’ of Adam Smith’s fundamental insight on
the Invisible Hand. Koopmans proposed that they should publish their findings together, which they eventually
did, so the theory became known as the Arrow-Debreu theory of markets. So this does confirm Adam Smith,
yes? Both Arrow and Debreu were eventually awarded Nobel Prizes for these findings. It seems fair to say that
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through the extraordinary work of Arrow and Debreu, and under the aegis of the Bretton Woods institutions, the
deep insights of Adam Smith’s invisible hand and of David Ricardo’s persuasive theory of comparative
advantages dominated the economic thinking of markets throughout the 20th century. And they are still with
us.
It turns out however that Ricardo’s explanation of why nations’ trade is as beautiful and compelling for
traditional economies as it is inapplicable for today’s economies. But it had an impeccable historical pedigree
and it looked good on paper. It was clear to me then, and it is well-known and accepted now, that today’s trade
among the OECD nations, namely the industrialized nations of the world, which makes up about 68% of world
trade,235 is not well explained by the nations’ comparative advantages. Indeed, most OECD nations produce and
consume essentially the same types of goods and, with minor differences, these nations are all good at making
more or less the same types of things. More to the point, they all have more or less the same comparative
advantages: abundant capital, skilled people, and access to cheap natural resources from overseas. The US and
Japan are quite different in terms of resources, but both have access to inexpensive resources from developing
nations. It follows that trade among the OECD nations, which is most of the trade in the world economy today,
is not truly explained by differences in comparative advantages. If the capabilities and goods are similar, what is
to be gained through trade? Trade between the North and the South is not explained by comparative advantages
either. There are other forces at work that explain international trade. What are these forces?
In the last fifteen years, slowly and almost imperceptibly, a new and more accurate explanation has
gained ground about why nations trade. The explanation was formalized in different ways by several
economists including this author. The Princeton University economist Paul Krugman emphasized how
economies of scale236 lead to gains from trade:
“Trade will occur because, in the presence of increasing returns, each good will be produced in only
one country for the same reasons that each good is produced by only one firm. Gains from trade will occur
because the world economy will produce a greater diversity of goods than would each country alone, offering
each individual a wider range of choices” (page 952) and “The analysis does seem to confirm the idea that, in
the presence of increasing returns, countries will tend to export the goods for which they have large domestic
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markets” page 958. So, is he saying that economies of scale actually produce what is, in effect, comparative
advantages? Is this a pro=globalization argument?
As the quote shows, Paul Krugman saw economies of scale and variety in consumption as key reasons
for trade. I agree with the importance of economies of scale but do not find variety to be a compelling
explanation.237 (Don’t get this at all: Variety can conflict with economies of scale that explain the success of
mass markets, which is the core of the matter.) At the time I was developing my own work on trade with
economies of scale in a number of articles and books with Geoff Heal.238 We emphasized a simple argument:
that countries trade because, through economies of scale, each can be more productive by producing for a larger
world market—and, through trade, (both can be made better off.)? More recently the great economist William
Baumol at Princeton and New York Universities developed a similar explanation of trade with Ralph
Gomory.239 Other works offered similar explanation for why nations trade, although in each case it took a
somewhat different mathematical form. All showed that nations trade because this allows nations to produce in
larger scales, for larger markets, and by doing so they become more efficient at what they do. As a result,
everyone gains from trade. The new explanations do not require that the traders be fundamentally different. It
only requires that the traders offer each other mass markets to expand their production, thus gaining from trade.
The phenomenon is called economies of scale and it means that firms are more efficient when they produce in
larger volume and for larger or mass markets. In today’s economies, what matters is the size of the market
rather than the size of the firms. In any case, mass markets are a great innovation that was created in great
measure by the US economy in the last two centuries. ALL OF THIS IS JUST GREAT. A WONDERFUL,
CLEAR AND SIMPLE EXPLANATION.
(Explain this more. I pause on this: Mass production and mass consumption are a form of economic
democracy, producing for the large middle class and for the large mass market. You mean that mass production
allows the middle class to get more at lower prices? It can be said that its large market of middle class

237

Variety as defined by Krugman is however contradictory with mass economies of scale, as it typically segregates production in smaller
and smaller production units. Krugman’s characterization of variety as the reason for trade obscures the real engine of trade, which is that mass
economies of scale drive modern economies.
238
E. G. Chichilnisky and Heal: Oil and the International Economy, Clarendon Press, Oxford University Press The Evolving International
Economy, Cambridge University Press, and others, www.chichilnisky.com
239
See e.g. Baumol, William and Ralph Gomory, “Inefficient and Locally Stable Trade Equilibria under Scale Economies: Comparative
Advantages Revisited” Kyklos, Vol. 49.4 (1996) 509-540, and Global Trade and Conflicting National Interests, Cambridge MA, MIT Press, 2000,

consumers has propelled the US economy to the position it has in the world today. Here is where the democratic
emphasis of the US political fabric paid off handsomely, in allowing most efficiency through mass markets and
mass production. Why does democratic emphasis do that? I am stumped. The competitive European economies,
separate from each other, could not compete with the large and efficient US producer who benefited from the
mass American market. You mean U.S. producer is able to achieve better economies of scale because of size of
U.S. market plus exports? This was, in part, the reason why the European Union emerged in the last decade.
In any case, some of the most profitable firms in the world today produce for mass markets, for example
Coca Cola, Wal-Mart, Microsoft and Google. The largest telecommunications services providers such as
AT&T, Verizon Communications, Sprint Nextel Corporation and NTT are also good examples. In the last
century, the examples of economies of scale were somewhat different, but economic success in the US was still
based mostly on mass production and mass markets: airspace and automobile manufacturers are prime
examples.240 The business models of Ford and the General Motors were classic examples of US mass -market
strategies, and in their heyday, in the middle of the 20th century, most of the employment and profits of the US
economy were tied up with their productive activities. There is a saying: “As GM goes, so goes the country.”
Of course, this saying has a different flavor now that Toyota has surpassed GM as the largest car- maker in the
world and GM is asking for government help in the current downturn.241
Yet the question still remains: how does trade fuel growth or, rather, when does trade fuel growth and
why? We need to explain the connection between international trade and economic growth, and the ambiguous
role of international trade in natural resources in this context.
Eventually I determined that economic growth arises from two major forces. I am willing to share this
insight with the reader at the cost of oversimplifying an enormously complex and subtle issue that requires
much development. With this caveat in mind, I can say that there are two forces that fuel economic growth
today and that both of them have a close connection with international trade: (1) the availability of large mass
markets, with the attendant efficiency gains from mass market strategies, and (2) the availability of a closely
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knit network of people interacting and trading with each other, with the attendant gains for innovation and its
commercialization.242 The latter issue, the connection between commercial innovation and tight networks of
people is rather complex and will be discussed in more detail later on. At this point it suffices to say that
economic growth is the result of a successfully networked set of people who take advantage of (a) the size of
the group of consumers to achieve efficient production and (b) the close links between the members of the
group to foster and distribute the gains from commercial innovation. Second part of it is somewhat vague to me.
In both cases, it helps to think of an economy as a network of people,243 a thought that we will pursue in earnest
in the rest this book because it is key to the Knowledge Revolution.
The principles of economic growth that I have just proposed are applicable to today’s economies, but it
is possible that, in earlier periods of economic history, different principles applied. In an agricultural society, for
example, the efficient use of land would have had more importance than it does today. In the beginning of the
industrial society, the accumulation of capital and the efficient use of capital had more importance. But at this
stage of economic development, the two principles proposed above apply. Globalization is a natural and
compelling culmination of this process, since it offers to producers the largest possible scale: the global market.
It will not escape the well-informed reader that these two explanations for economic growth that I have
just provided mesh well with the views of the great late Czech economist Joseph A. Shumpeter244 who saw all
economic growth as being driven by innovation. His work has been rediscovered and his thinking is now well
accepted in business and economic circles. However Shumpeter viewed innovation as giving an edge to large
companies with large R&D budgets, leading to economies dominated by larger and larger firms in the mature
stages of capitalism, while the work of this author finds that, quite to the contrary, most innovation arises today
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in small entrepreneurial firms.245 My explanation also is consistent with the views of the great late US city
planner Jane Jacobs246 who established that cities are at the core of the wealth of nations, a view that is starting
to be equally well accepted.247 However neither Shumpeter nor Jacobs linked the concepts of an economy and a
network. Again, it’s the network thing that I have not quite taken in. Nor did they connect the issue of economic
growth directly with the international market, another item which is important to my arguments and for which
they should not be held responsible.
However, before we stray too far away from the topic of this chapter, we must return to our first
question: What is wrong with exporting natural resources? What is the anatomy of the so called ‘resource
curse’? At the very least we need to explain why a nation that exports natural resources violates the two major
principles of economic growth that I just proposed. The rest of this chapter will be dedicated to this task, in
addition to showing why the activity of exporting resources often violates David Ricardo’s and Adam Smith’s
classical principles as well.
Once again, we need to use cross disciplines to understand our topic. Political scientists and sociologists
have shown that economies that are dedicated to extracting and exporting raw materials have (Again, my
problem, perhaps because of my stupidity, with understanding the second part of your formulation fully): weak
social networks and weak commercial links among their population, thus violating the second principle for
economic growth stated above.248 Professor MacAartan Humphreys of Columbia University’s Political Sciences
Department states this succinctly:249
I wish you could paraphrase this. This is the first of the italicized sections that I have found it difficult to get
through. Very hard to take in.
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“The Sparse Network Mechanism. The importance of natural resources may lie in their impacts on the daily
economic activities of the citizens of an economy, and how these in turn affect attitudes of citizens or relations
between citizens. Natural – resource economies (those who have a high percentage of natural resources exports
as a proportion of GDP) may have weak manufacturing sectors and correspondingly low levels of internal
trade….The author finds evidence that … (3) the link between primary commodities exports and political
conflicts is( here’s where I really fall off: driven in part by agricultural dependence rather than by natural
resources more narrowly defined, a finding consistent with a “sparse network” mechanism.”) …“Insofar as
internal trade is associated with greater levels of social cohesion and interregional interdependence, the
weakness of the manufacturing sector and the fragmentation of an economy into independent enclaves of
production may raise conflicts risks. The argument that dense networks reduce conflict risks is already well
established in the study of international conflicts.”
Can you use examples—New York City perhaps?—to flesh out what he is saying here. I have had to read this
three times to make sense of it and I think that this italicized section, which contains crucial ideas we must take
in, needs to be paraphrased or you need to follow it with additional explanation of what he is saying for the lay
reader.

The implications of these recent findings are clear. Great: Resource-exporting nations are mostly
focused on outside markets and view the domestic population as a source of inexpensive labor rather than as
valuable consumers. I pointed this out in the publications on “enclave economies” within the UNITAR Project
Technology Distribution and North South Relations—part of UNITAR’s Project on the Future in the mid
1970’s.250 Great, absolutely helpful: Therefore these economies miss, to a great extent, the benefits of large
internal markets, often bypass the efficiency gains that can be obtained from innovation and increasing returns
to scale,251 since the local population is not the main consumer of the nations’ natural resources. Indeed gold,
diamonds and petroleum are extracted in most cases with a view to exports, and are not conducive to the
formation of domestic innovative networks. So it is internal trade that is the chief reason for the formation of the
necessary networks, yes? Also, the close networks foster innovation because of proximity of people, etc?
One way of evaluating the effects of economic networks on innovation is by (hard to take in here:
measuring the number of market transactions and traders that are involved over time in connection with each
unit of output that is produced. The issue is: how much other economic activity is produced by each dollar of
output? You mean that the production of products has attendant effects which flow out of them, effects beyond
the value of what these goods produce? Is that right? Externalities are surprising, extra benefits that go along
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with the main benefits? These can be called “network externalities” of production.252 Obviously the more
externalities, the move favorable is the economic environment towards economic growth, and the more likely is
innovation. Why? Why does this lead to more innovation. Do not follow this. The whole thing depends on the
type of output that is produced. A few examples can be useful here. Great: If the output is a manufactured
product, for example a laptop computer that is sold for use at home, this creates on average a large number of
other market transactions, producing in addition to the employment in the production of the good itself: (i)
employment and innovation in other areas, such as learning, financial trading or accounting where the laptop is
used as an input of production, (ii) electronic education for the labor force to produce and service the lap top
computer, (iii) internet commerce and thus commercial links with a number of people and firms, etc, eventually
involving substantial value and a large number of people innovating and trading with each other over the
economic life of the laptop. Great, helpful, thank you: If instead the output in question is a gold nugget of the
same dollar value as the laptop computer, a nugget that is extracted from the soil and shipped forthwith for
overseas consumption, the amount of economic activity that this generates at home and the number of other
people that trade within the nation as a result is very limited. After the gold is extracted at home, the next
transaction is with the importer, after which no more economic activity or innovation is created at home—and
no other people or firms are involved at home during the economic life of the gold nugget. The network effect is
the number of other market transactions that are created and the number of other people and institutions that are
involved during the entire economic life of a unit of output. In the former case, the laptop, the network effect is
substantial while in the latter case, the gold nugget, it is minimal. Obviously an increase in the use of laptop
computers affects a lot of people directly or indirectly at home, in many sectors of the economy and not just in
the IT sector, while increasing the extraction of gold benefits solely the “enclave” – the gold mine and the gold
processors that extract the gold and prepare it for export. The word “enclave” is meant to indicate that the entire
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area of economic activity involved in the extraction and production of gold is segregated and apart from the rest
of the economy. In the case of laptop computers, the economic activity is (heavily integrated)?, there are many
sectors and people involved, the output generates a host of other economic activity across the economy, and
innovation is stimulated. In a networked economy, each unit of output generates “externalities” that spill over
into other sectors. In an enclave economy the opposite is true. The links are weak; the networks are “spare”.
Most people in the economy are quite separated from the gold mine’s economic activities. The mine is
connected to the rest of the world more than to the nation itself. Dollar for dollar, there is much more to be
gained in terms of economic activity, employment innovation and economic growth at home from producing the
type of output, such as laptops, that leads to well distributed and complex trading networks within a nation.253
Great. Fantastic explanations.
But it gets much worse for developing countries. Natural resources such as gold mining not only create
weak links between people—they are frequently associated with dysfunctional social links—you mean those
that create conflict, as it conflict between classes, owners and workers, etc? and as a result lead often to violence
or at least social tensions within a nation: 85% of countries where wars (in most cases, civil wars) were under
way in 2003 possessed abundant natural resources. 254 But are they trafficking in them, which creates the
problem, yes? While there are no precise figures on low intensity conflicts, we do know that many ad hoc
armed interventions, popular uprisings and other destabilizing events that have the potential to lead to large
flare-ups are also concentrated in resource-rich countries. Jean Francois Gargne255 has expressed the problem
succinctly as follows:
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“…Is the juxtaposition of natural resources and conflict coincidental? The general view is that it is not…
Conflict wrecked countries appear to share three characteristics… First, economic growth in the countries in
question is dependent on exports of unprocessed natural resources. No other economic activities are significant
in terms of employment or wealth creation. Typically, for the government and citizens, natural resources are, in
fact, the only source of income and only prospects for the future. …Secondly, the domestic distribution of the
revenues generated by the natural resources exports is highly uneven. The ruling elites appropriate the income,
effectively excluding the impoverished mass of the population... Thirdly, the political regimes in these countries
are often authoritarian and often unstable... It is important to note that the holders of natural resources are, in
most cases, states and multinational corporations. Some observers have argued that the intensity of conflicts in
countries with abundant resources depends on a combination of these factors.”

In other words, economies that are based on exports of raw materials such as gold or petroleum—or
simple goods based on raw materials such a palm oil, bananas or coffee—have difficulties developing the
efficiency gains, the mass markets, close commercial interactions, and social harmony that are conducive to
innovation and successful economic growth. All this would appear to provide a reasonable explanation of why
resource exports are not a good foundation for growth. But it leaves unexplained an important historical fact. In
the midst of all these drawbacks, why do most developing nations export raw materials and natural resources in
apparent contradiction to their national interests?
The explanation is grounded in the legal organization of developing nations that, almost universally,
treat natural resources as common property. This means that resources are either owned by the government—as
is petroleum, copper or coal in developing nations—or has no well-defined private ownership and therefore in
practice is ‘owned’ by the local communities—as is the case with many forests such as the Amazon in Ecuador
and Brazil—or alternatively used as “open access” or on a ‘first come and first served’ basis by foreign
corporations.256 Even those nations that are industrialized today used to own resources as common property
before they industrialized. As we discussed previously, this is in sharp contrast with the private ownership of
natural resources in industrialized nations. Oil in Texas is owned privately by the person who owns the land
where the oil is located. Most strip mines in the US and in Europe are equally privately owned. Gold was found
and exploited in privately owned lands in the US West. Many forests and lakes are also private property in the
US. The difference in ownership may appear incidental but has enormous impact on the use and exploitation of
natural resources in the world economy, and the growth of developing countries. But this doesn’t tell me why
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they keep on depending on the natural resources as you say you will explain above. Is it because they can access
common property in a way that in freer than those who live in “private property places”? Is that what you are
getting at?

Figure 4.4---WTO International Trade Statistics, World Bank data

Figure 4.5—WTO International Trade Statistics
The work of David Ricardo and other leading economists is of little help to explore the role of property
ownership in trade and wealth creation. Neither David Ricardo nor Adam Smith considered economies with
common property rights. Their work is better suited to industrial economies where most natural resources are
held as private property.

Allow me to first present a brief refresher on the dilemma created by property held in common.
Common property resources are commonly referred to as ‘missing private property rights,’ and they are known
to lead to the overexploitation of a resource by the local community. The problem has been well known and
understood since the 1960’s work of Garrett Hardin and it goes by the name of the “tragedy of the commons”257
A simple example is called for. Take the case of a lake that is owned as the common resource of a
community,258 where each person can fish to obtain food for his or her family. The lake has a finite stock of
fish, but it’s a renewable resource since fish reproduce on their own. Each fish that is extracted from the lake
diminishes the future availability of fish for others. If the lake is private property, the owner learns quickly that
he or she must restrict fishing to sustainable levels or else suffer the future consequences of a depleted stock: a
barren lake. Alternatively, when extracting a fish, a private owner computes the cost of “restocking” the fish
population, to maintain the value of the lake as an asset. However, when many fishermen share the lake, they do
not consider the effects of their actions on others the same way as they consider the effects on their actions on
themselves. They do not “do unto others” as they would like others to “do unto themselves”. In fancy economic
terms, one can say that people do not internalize the externalities that their actions produce on others. In such a
situation, the cost of extracting the fish is underestimated and it is computed only as the actual time spent
fishing, with no consideration for the need to restock the lake, or equivalently no consideration for the
depreciation of the stock of fish that fishing produces. The end result is that people spend more time fishing—
and extract more fish—than they would if they took into consideration the cost that this activity has on the asset,
the lake’s fish population. Fish are over-extracted, and often become extinct; and the lake becomes barren, to
everybody’s detriment. This sequence of events is called the tragedy of the commons.
By replacing the word “fish” by the word “tree”, the tragedy of the commons explains why trees are
over-extracted and why the world’s remaining forests are quickly disappearing. A classic textbook on natural
resources259 provided one of the best explanations of the tragedy of the commons, as a game that the harvesters
play ignoring some of the most important costs of extraction, miscomputing the optimal extraction of resources
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and leading to the extinction of many renewable resources. The tragedy of the commons is now the most
frequently used explanation of why a market economy based on common renewable resources is not
sustainable.
(You don’t need all this. We have taken it in pretty well and going over it AGAIN just makes it harder to
keep on going with the advance of your ideas. Cut: (The argument is classic and well known. It was
encapsulated in a classic paper by Harold Demsetz in relation to property rights,260 and was a central element in
Garrett Hardin’s seminal paper on the ‘tragedy of the commons’.261 Demsetz noted that where land is
communally owned, a person seeking to maximize the value of their communal rights would tend to over-hunt
and over-work the land because some of the costs of doing so are borne by others. Hardin used the example of
an open pasture available to a large number of cattle herders. Because the costs of over-grazing on the open
access land are borne by all, the cost for each herder is far outweighed by the individual benefit they obtain by
adding an extra cow to their personal herd. If they simply pursue their own personal net benefit they are each
likely to continue to increase the size of the herd, thus leading to serious over-grazing of the land. )
Conversely, when a single person owns the land, that person will seek to maximize its present value by
selecting among alternative future streams of benefits and costs that which maximizes present value.
Sustainable uses will generally be more valuable in terms of protecting and enhancing the property’s value.
Property rights thus provide incentives to the use of efficient resource allocation. Similarly, where aspects of the
environment such as air and water are available for unconstrained use by all, there is a greater incentive for
individuals to engage in activities harmful to the environment because once again the costs of that harm do not
fall solely or even predominantly on them. GREAT. Pollution by manufacturers is an obvious example.
Economists describe the harm to those not involved in these transactions as a negative externality.
Economic theory proposes that when any serious market failure is absent, the market is the best means by which
to allocate scarce resources. (Say this more simply: Markets operate by using a price mechanism as the key
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Harold Demsetz, ‘Toward a Theory of Property Rights’ (1967) 57 American Economic Review 347.
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means to identify a balance (or equilibrium) between supply and demand of various activities in the face of
scarcity.) The more consumers want something, the more they will be prepared to pay. The higher this demand,
the more suppliers will enter the market to meet that demand. Yet if the parties to a transaction are not required
to cover the cost of such negative externalities, they will not build it into the price and the market mechanism
inappropriately under-prices the activity and hence allows for an incentive towards such harmful behavior.

The negative externality is an example of market failure. In the face of any form of market failure, it is
appropriate for government to seek to intervene to redress or prevent the problem. One regulatory response in
relation to the above examples is for the government to impose a tax on the transaction at a level that builds in
enough additional cost to counter the negative costs that the transaction will occasion. An alternative regulatory
approach is to prohibit certain forms of negative externalities or make the parties liable to third parties for the
damage. A third alternative is to provide for property rights in a broader range of things so that there is a
disincentive for the owner to engage in the harmful activity in the first place. In each case, whether one solution
is to be preferred or whether the particular response chosen will achieve its aims will depend on the way it is
defined and applied. There is also commonly overlap between the differing regulatory responses and
governments might use a combination of each, more on this below.
It is perhaps less well known how the same tragedy of the commons arises for exhaustible resources
such as petroleum. A Texas oilman knows that his assets are depreciated when he extracts petroleum, and
therefore includes the cost of depreciation in computing his income taxes at the end of the year, not just the
gross receipts from sales. This is because, for him, oil is private property and in addition, his oil assets are
treated as such by the Internal Revenue Service.
However Saudi Arabia, United Arab Emirates, Kuwait, Venezuela, Ecuador and Mexico, where oil is
state property, do not do the same type of computation as the Texan oilman. They do not compute the
depreciation of their oil stocks when they report at the end of the year the gains from oil exports in their Gross
Domestic Product. No oil-exporting nation reports in their national accounts the depreciation of their stock of

oil.262 Nor do they report the depreciation of the forest stock when they export wood products. Such
depreciation is not called for in their current national accounts systems. A simple computation shows that, in
many cases, the difference between computing and not computing depreciation is so enormous that it can turn
gains from oil exports into losses. In the books The Evolving International Economy and Oil and the
International Economy, Geoffrey Heal and I performed this computation263 subtracting depreciation from the oil
export revenues of major oil exporting nations, which are reported below.
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Chichilnisky and Heal Oil in the International Economy, Oxford University Press, and The Evolving International Economy, Cambridge
University Press, 1983 and 2006p.cit.
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Chapters 8 and 9 of Chichilnisky and Heal: Oil and the International Economy and The Evolving International Economy, op.cit.

Green National Accounting: Taking Natural Resources into Consideration (1993)
Country
GNP per Capita ($)
GNNP per Capita ($)
% Fall in GNP
India
293
242
-17.4
South Africa
3,582
2,997
-16.3
China
490
411
-16.1
Indonesia
732
616
-15.8
Brazil
2,936
2,579
-12.2
GNNP (Green Net National Product) is GNP minus the damage from carbon dioxide emissions, depreciation of
produced assets and depletion of forests and subsoil assets
Figures 4.6—GDP of Resource Exporters, Low, Mid and High Income Countries and Green National
Accounting, “When Self Interest is Key to a Better Environment.” Nature. Volume 395. October 1998.
In its most general form, the procedure of reducing a nation’s GDP by subtracting the depreciation of its
natural stock is now called Green Accounting.264 The United Nations has considered for a long period of time
whether national accounts should be adjusted to account for the depreciation of natural resources, but while
there are serious efforts under way, nothing has been done in practical terms so far. A practical set of
procedures is expected to be published by the UN in 2010.265 It is, understandably, a sensitive matter for a
developing nation’s government that wishes to show a healthy level of economic growth, as false as it might be.
In any case, the tragedy of the commons is a well-understood issue, but its implications for international
trade had not been observed until my 1994 articles.266 Building on the basis of the tragedy of the commons, I
was able to explain why developing nations export resources, why most resources that are traded in the world
economy originate from developing nations and are consumed in the industrial nations; why international
markets under-price resources; and, how all this has led to the global environmental problems we have today.
This can be called the “global tragedy of the commons”.267
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Several nations have performed Green Accounting in their national accounts, prominently Germany and Mexico.
A number of UN Conferences and Committees are currently striving to update national account systems and the measure of GDP to
address and measure properly environmental externalities, see also Jean Louis Weber’s in “Beyond GDP Conference” in 2007:
workhttp://mail.google.com/mail/#search/Jean+Louis+Weber/11aab5a169e96e7f
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The tragedy of the commons was introduced by Garrett Hardins in 1968, op.cit. The “global tragedy of the commons” was introduced in
Chichilnisky, G. “North South Trade and the Global Environment” American Economic Review, 1994, and Chichilnisky G. “North South Trade and
the Dynamics of Renewable Resources” see www.chichilnisky.com
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While Garrett Hardin introduced the term “the tragedy of the commons” he did not address the consequences of trade among two nations
with different systems of property rights and thus he did not address what we call here the global tragedy of the commons.
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Okay, keep in mind, your argument is about to “spread out” and this is the point where I really begin to
have trouble—the point where to turn to the larger ramifications. This following is harder to grasp and less
effectively presented, I think.
In the early 1990’s, while working for OPEC Secretariat in Vienna, Austria, I observed that the OPEC
nations were much less concerned about international oil prices than one would naturally expect them to be.
This observation was based on my discussions with several of the Executive Committee of OPEC Members,
particularly the technological advisor of Iran Ministry of Petroleum, Amir Sepahaban, with whom I eventually
co-authored an article that was published in the OPEC Review,268 This somewhat cavalier attitude towards oil
prices puzzled me at first. Why, if you knew about Tragedy of the Commons? You didn’t know there was
government ownership of the oil fields? Then, slowly, and through an economic model that I developed for
OPEC in Vienna in three beautiful summers,269 I discovered that for all the OPEC nations—and without
exceptions—petroleum was a government owned resource, and not private property. And I found out why a
nation that holds resources as common or government property is naturally less concerned about international
prices of resources than a private owner such as Shell or Exxon. (I stumble here and this is crucial. Following
point, that they would have to extract/export MORE cannot be lost and it almost is: I discovered that, for any
level of international prices, such a nation would wish to extract and export more resources than would a nation
that owned those exact same resources, but as private property. The mystery was clarified when I discovered
that the reason for all this was the same as the reason that Arthur Lewis used to explain results regarding
economic development with unlimited labor supplies. The reason was similar to that which led me in the late
1970’s to explain why exporting labor-intensive raw materials does not favor developing nations with abundant
labor supplies.270 Abject poverty and massive immigration into the cities leads to artificially cheap and abundant
labor, and therefore to exports in more labor-intensive products than would be desirable. In the same way,
common property of resources leads to undervalue the true costs of extraction. A bountiful international thirst
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Vol. VII, No. 4, p. 330-356. .
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Chichilnisky, Heal and Sephaban, (1983) "Non-Conflicting Oil Pricing Policies in the Long Run," OPEC Review, 1983, Vol. VII,
No. 4, p. 330-356.

allows oil rich countries to “fish” more oil than would be desirable. In both cases there is a fundamental
miscomputation of costs. ((But this is the new point, the additional cost that you are introducing to go along
with Tragedy of the Commons. It gets lost in all this somehow: (One is caused by massive migration of labor
into the cities/need to have this explained again somehow) and the other by common property of resources.
Both phenomenon give rise to artificial conditions that do not represent competitive markets and are therefore
not taken into account in standard economic models. However, common property of resources and massive
immigration into cities are the reality of developing nations—the reality of 80% of the world’s population. If we
wish to resolve the serious problems we face, we must call a spade a spade, and build economic models that
represent the reality of most people. It’s the thing about why people moving into the cities adds to the
miscalculation that confuses me.
The day I realized this I felt almost paralyzed by the insight, for I realized it contained the key to the
environmental risks of our times. I could now explain the enormous misallocation of resources in the world
economy that took place since World War II, the over-extraction of natural resources and the environmental
degradation that we suffered in the world economy since then, and the persistent and tragic poverty in resourceexporting nations. I was awed by the finding of these facts, and tried my best to translate them into the type of
economics that could be understood by others. See, it’s the Tragedy of the Commons part of the argument, the
difference between common and private property that you keep repeating, it seems and it’s the other part, about
the labor market that I do not understand. At the end I translated these insights into the Arrow and Debreu’s
theory of markets, and connected them with David Ricardo and Adam Smith the best I could. One cannot get an
insight of this nature and leave it unexplained. I tried the best I could and the insight is now generally accepted.
The simple point is that with common property rights, the supply curve for resources looks just like the
supply curve for labor in Arthur Lewis economies with infinite labor supplies: it is rather ‘flat’.271 It is indeed

Chichilnisky, Heal and Sephaban: "Non-Conflicting Oil Pricing Policies in the Long Run," OPEC Review, 1983, Vol. VII, No. 4,
p. 330-356, and Chichilnisky “Terms of Trade and Domestic Distribution: Export Led Growth with Abundant Labor” J. Development Economics,
1979.
271
Arthur Lewis’ infinite supply of labor flooded the cities with labor coming from the countryside at the smallest increase in wages, leading
to a horizontal supply curve that defies standard market explanations. In my case, the supply curves are not completely horizontal, but more so than
in would be with a fixed supply of labor as in the neoclassical models: rapid immigration changes the number of traders and this is not easily
represented in standard economic models. With common property resources the flatter supply represents simply the underestimation of true costs of
extraction due to the lack of private property rights, see Chichilnisky “North South trade and the Global Environment AER 1994, and “North South
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flatter than the same curve would be in an otherwise identical nation that held resources as private property. The
figure below illustrates the situation: there are two supply curves, both of them applicable to the same identical
economy. The flatter curve reflects a common property rights regime and the steeper one reflects a private
property rights regime. But we have already totally accepted the argument about common/private rights. Do we
need sll this? This area of the argument/lesson feels a bit overburdened with material. The former looks like
Arthur Lewis’ labor supply curve that appeared in Chapter 3 above, and the second like Ricardo’s and
Heckscher-Ohlin’s vertical supply of labor curve also appearing in that chapter. Except that here we are not
talking about labor supply—the amount of labor supplied at each wage. Here we are talking about supplies of
oil or other natural resources: how much of the resource is supplied by the nation at each level of international
oil prices.

Figure 4.7—Supply of oil to international market
In nations with private and common property rights on resources
Trade and the Dynamics of Renewable Resources” Structural Change and Economics Dynamics, Oxford University Press, 1993,
www.chichilnisky.com.
1994, both in www.chichilnisky.com Books and Writings..

The simple discovery is that common property rights on oil have the effect of artificially lowering costs,
giving a false impression of abundance. In other words, as the figure shows, facing the same demand for oil, a
nation that holds oil as a common property will export more oil than a nation that holds oil as private property,
and it will charge lower prices. Why? Because the supply curve is flatter. Let’s see how this works.
A nation that holds its oil as common property under-computes the cost of extracting oil, it does not look
into the depreciation of the assets in computing costs, as private property owners always do. Industrial nations
do. Developing nations don’t. This under-computation of costs can be shown as rigorously as the demonstration
provided by Dasgupta and Heal’s classic book272 for the ‘tragedy of the commons’ using game theory. But can
these two effects, Lewis supply of labor and the supply of resources with common property, be so similar? Of
course they can—indeed, how could it be otherwise? The two effects are one and the same: with seemingly
unlimited and undervalued supplies, demand is met with little regard for the real costs.273
These results help explain the current global environmental dilemmas based on historical and cultural
differences between the economies of industrial and of developing nations that had been overlooked until then.
The main difference is in the property rights regimes for resources in those two types of nations. This difference
is often confused with comparative advantages between industrialized and developing nations. This may be
why developing nations appear to have a comparative advantage in resource exports, when in reality they do
not.274 They undercharge for their resources, and they over supply them because they are under-computing
extraction costs.
It is true that agricultural societies are richer in some natural products such as forests and biodiversity,
and that resource extraction can be easier given climate patterns that prevail in the tropics and the warm areas
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Dasgupta and Heal Economic Theory and Exhaustible Resources, Cambridge University Press, 1979. The tragedy of the commons is covered in Chapter 3,
the impact of common property resources on the problem of the commons is in 3.4.
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On the brink of starvation individuals would behave somewhat different about property rights on their labor, their computations of costs are changed by the
threat of death. This is rational behavior, the type of behavior that Lewis identified.
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Nations such as Mexico and Ecuador, to name two, have rather limited supplies of oil, yet they export oil to the USD who has massive oil reserves
(particularly in tar sands), and the impact of these exports in Ecuador is deeply unsettling for the environment. 60% of the population in Ecuador is indigenous and
opposes foreign companies’ oil exploration and extraction from their part of the Amazon jungle. Yet 60% of Ecuador’s exports are from oil exports, creating major
conflicts – the topic and the Ecuador example are developed in Chichilnisky, G. “North South Trade and the Global Environment, American Economic Review 1994.
Similarly it is difficult to see how a nation like Ethiopia would have a comparative advantage in exporting livestock to the EU, particularly under current weather
conditions. Yet Ethiopia exports livestock and is increasing its exports of food in the midst of increasing malnutrition and hunger of its population. It may be difficult
for some to believe that these nations can specialize in exporting manufactures, but the examples of East Asian economies like Malaysia, the Philippines and others
such as Mexico, Brazil, India and China show otherwise. Indeed, Mexico already has already achieved a large manufacturing base, a base for industrial exports that
would be more conducive to its sustainable economic growth than exporting petroleum.

where most developing nations are geographically situated. Indeed, most of the biodiversity remaining in the
planet, particularly mammals, is located in developing nations.275 As of today, developing nations still have
most of their forests, while Europe has already decimated theirs for empire building and industrialization: to
build ships, to fuel steam engines, to power factories, to transport people and resources, and to heat homes.
However in many cases, this is not true at all. For example, Mexico is a petroleum exporter but it does not have
much petroleum in its soil. Their current land oil reserves are due to end under current extraction trends in about
a decade. A similar situation holds in Ecuador, where extracting petroleum means decimating their part of the
Amazon forest, and leads today to violent political confrontation with indigenous people for whom the forest is
needed as a source of livelihood. By contrast the US, which is the world’s largest importer of petroleum, has
some of the largest petroleum reserves in the world, many of them in the form of non-conventional reserves
such as tar sands, which are too expensive to extract for environmental reasons. And the US imports oil from
Ecuador and Mexico. Tar sands are heavily exploited in Venezuela for exports, but the US does not extract its
shale oil that is located in the middle of the country, due to the high cost of repairing its environmental effects.
The true costs of extraction are computed in the US but not in Venezuela. Venezuela has tar sands in the
Orinocco, and exports to the US. These are the practical effects of different property rights in industrial and
developing nations.

See recent Science Research Article, October 10, 2008, Vol 322, www.sciencemag.org: “The Status of the World’s Land and Marine
Mammals: Diversity, Threat, and Knowledge” and in particular its Figure 1 A to D, and Figure 2, A to E.
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Figure 4.8—US EIA; Oil & Gas Journal January 1, 2009

OKAY, YOU HAVE TO GET ME OUT OF THIS CHAPTER AND SOON. I HAVE TAKEN IN AS
MUCH AS I CAN AT THIS JUNCTURE. WE NEED TO CUT IT OFF IF YOU WANT ME TO TAKE IN
THE MATERIAL THAT FOLLOWS. I LIKE THE SYNOPSIS YOU ARE GIVING HERE, BUT I WONDER
IF NECESSARY. At the time that I discovered these results I was teaching at Stanford University, where I
spent a substantial amount of time discussing the matter with Paul Milgrom, a colleague who was at the time an
editor of the American Economic Review. Milgrom, an excellent economic theorist, seemed to understand the
implications of the results and invited me to submit a paper focusing on the international trade aspects—
comparative advantages and gains from trade. This I did. I showed that missing property rights lead to the same
behavior as comparative advantages—a willingness to export more at each set of prices—but the implications
are just the opposite. A country that has genuine comparative advantages gains from exporting resources, as
David Ricardo and Adam Smith predicted. Through trade, the country and the rest of the world will reach a
socially optimal allocation. In the case of missing property rights, the country is also willing to export more at
each level of prices, and it does so. But in reality, the nation loses from trade; there is a false impression of
gains that arises from underestimating the true costs. Due to the miscomputation of costs, the world does not
achieve a socially optimal allocation. Indeed, since developing nations own resources as common property one

can expect that they will over-extract resources and sell them at lower prices to the international market, and
these resources will be over-consumed beyond what is optimal in industrial countries. This is the inescapable
outcome of coupling a group of underdeveloped nations with common property resources to industrial nations
with private property, through the international markets. This is what happened since World War II; this was the
effect that the Bretton Woods institutions exacerbated leading to the globalization of the world economy and the
consequences we have described above. (I THINK DEFINITELY END CHAPTER HERE. CUT THE REST
OF THE CHAPTER. IT JUST SEEMS TO RESTATE AN RESTATE: The process of publishing this article276
was bewildering to me and to the editor in charge, Paul Milgrom. There were many referees and each one of
them seemed unable to understand or to believe the results although, in a way, they all seemed to agree with
them. Eventually the article was published in 1994 in the American Economic Review and became a widely read
publication. Recently, in a set of lectures that I gave in Denmark in 2006 to a large group of university students
from all the Scandinavian counties, I found to my great surprise that my results are now accepted, and
considered standard and almost unsurprising. They were considered heretical a decade before.
The historical difference in property rights regimes of industrial and developing nations turns matters
around. The entire theory of comparative advantages is reversed when the nations trading with each other have
different property rights regimes for natural resources. If an exporter nation has natural resources that are held
as common property, a policy of emphasizing resource exports does not help the nation’s economic growth.
Developing nations such as Ecuador chop off their forests to extract petroleum beyond what would be optimal,
selling wood products and oil at very low prices in the international market. Moreover, when faced with such
low prices, the US consumer over-consumes wood pulp, paper and petroleum. Technological innovation is
stymied in industrial nations by unduly low resource prices—no alternative technology looks economically
feasible when confronted with such low oil prices. And the entire pattern of over-extraction and overconsumption of resources inevitably leads to environmental problems for the world as a whole. This is why the
Bretton Woods institutions are the origin of the global environmental risks we face today.

“North South Trade and the Global Environment” G. Chichilnisky, American Economic Review, 1994, and “North South Trade and the
Dynamics of Renewable Resources” Structural Change and Economics Dynamics, Oxford University Press, 1983, 1994, www.chichilnisky.com.
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Having identified the problem of missing property right on resources within the developing nations, it
remained to find a solution. The next chapter argues that the introduction of property rights on resources within
the developing nations may be impossible to achieve in a time scale that matters. It explains why the Kyoto
Protocol—and conceptions like it—could be the next best hope for a global solution.)
THANK YOU. THIS IS A BRILLIANT, BRILLIANT CHAPTER AND I HAVE LEARNED SO
MUCH. YOU ARE A SIMPLY WONDERFUL EXPLAINER OF THINGS FOR A

Chapter V
Globalization, Property Rights and the Kyoto Protocol
I WISH THERE WAS A WAY TO OPEN THIS CHAPTER THAT FELT LESS REPETITIVE:
There is no doubt that the spectacular growth of international markets since World War II increased the
wealth of many people around the world and led to unprecedented levels of consumption and wealth. But for
most of the world’s population globalization had a different side: it led to widespread poverty and amplified
global differences in wealth. The wealth gap between industrial and developing nations is now worse than ever,
as shown by the figure below:

Figure 5.1—Angus
Maddison, “Historical Statistics of the World Economy: 1-2008 AD”.

Is globalization good? Yes and no, but regardless, globalization is a reality and it is here to stay. One
does not argue with the desirability of the sun rising every morning. In the same vein, it makes no sense to

argue with globalization. The challenge ahead of us is to how to work with the reality of globalization to
overcome the problems we face. Globalization is best viewed as an overwhelming force that can be used as a
lever to create a positive future.
Let’s pause for a moment in order to agree on what we mean by globalization, a word that has been used
differently in different contexts. For the purposes of this book, globalization is identified with the proportion of
the economy that is exchanged internationally—trade among nations. In this view an economy is more
globalized when a larger proportion of it is connected to other nations, through the goods and services it imports
or exports. Globalization is a measure of the ‘market links’ among nations. The notion of globalization used
here (awk: goes through the lens of the market) even though it is recognized that there are many other types of
connections countries can forge. According to the market data, there is no question that globalization has
rapidly increased since World War II: as mentioned earlier, the international trade among nations has increased
three times more in volume than the total world output.277 Figure 5.2 illustrates:

Figure 5.2—WDI & GDM 2010; Angus Maddison, “Historical Statistics of the World Economy: 1-2008
AD”.
For a variety of reasons, many environmentalists are against globalization. They are vocal and even
vociferous in their position, and have made it clear over the years in public statements around the world. More
generally, environmentalists often oppose global market forces. They see them as a source of runaway
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World Trade Organization: 2007 World Trade Report, op.cit.

consumption and related evils. To a certain extent, they are right. Yet while international markets are part of the
problem, they are here to stay and have to be part of the solution.
Markets have many advantages. They support economic progress and encourage/enlist individual
participation through the invisible hand. These are classical and well understood advantages of markets. In this
new era, however, it has become clear that we need to enable markets to work much better than they have. In
reality, what is needed is a new form of global governance to replace or update the Bretton Woods Institutions.
The need arises simply from the success of globalization. An excellent example of the type of governance we
need is the development of “traffic lights” systems in cities. They only make sense after a city achieves a large
level of traffic—and not before. Traffic lights cost little to implement. They simply organize our actions and
make sense when traffic volume causes a significant number of traffic accidents. Paradoxically, traffic lights
can be much more effective at reducing medical costs, pain and death from car accidents—one of the largest
sources of death in the US—than building hospitals. The point is simple. Since the world’s population grew by
leaps and bounds in recent years, and the complexity of interaction caused by globalization increased
dramatically, we now need the equivalent of global traffic lights to organize ourselves and avoid the enormous
costs and damage that can be caused by lack of organization.
We need to design new forms of global governance. The next step is to explain what these can be. The
global environment is a good place to start.
The creation of global markets is a form of global governance, as “traffic lights” are, to help organize a
newly globalized world economy.
But what is the desired design 278 for a new global markets and financial institution? Here are three
rules of thumb:
1. They should be self –funded, requiring no external donations for their implementation, and minimal
intervention
2. They should create economic incentives for the sustainable development that is critical for human
survival
3. They should help overcome the global divide between developed and under-developed nations.

I introduced these ‘design principles’ for global governance while working with UNEP, IUCN and the UN Convention of Biological
Diversity to create a financial mechanism that would be similar to the carbon market, and would encourage the conservation of biodiversity and
ecosystem services. This is difficult to achieve because such services are very idiosyncratic, each different from the other - and do not allow the same
278

These ‘design principles’ for new global institutions are clearly desirable,279 but could seem impossible to
achieve. Yet the United Nations Kyoto Protocol satisfies all three requirements. NEED BRIEF REMINDER OF
WHAT THE KYOTO PROTOCOL DOES. IT’S BEEN A LONG TIME IN THIS TEXT SINCE IT HAS
BEEN MENTIONED. It does so because it is based on a new market institution, the ‘carbon market’.
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DON’T QUITE GET HOW THE FACT THAT IT IS BASED ON A NEW MARKET INSTITUTION LEADS
TO SATISFACTION OF THESE REQUIREMENTS. This makes the Kyoto Protocol an agreement that
practically implements itself, requiring no external donations and using the invisible hand of the market to
encourage trading and eventually compliance. 281 ALSO DON’T GET WHY THIS IS SO. But I am getting
ahead of the story. (Can you expand the following? Seems too broad and general? The bottom line is that
markets can help to minimize more drastic? intervention in the economy and can help overcome the worst
difficulties in organizing ourselves globally. We need innovative market solutions.282)

One can view the Kyoto Protocol AGAIN, YOU ARE COUNTING ON THE READER TO
REMEMBER THE OUTLINES OF THE KYOTO PROTOCOL AND THEY MAY NOT as a template for
global environmental solutions that are based on new types of markets, and have the ability to redress and even
to reverse the global wealth gap. More generally, one can use market solutions for several other global public
goods such as global biodiversity, and knowledge.
Before going further, however, we need to underscore that there is a tight connection between markets
and property rights. To define a market, one needs to know who owns what so trade can take place. For

uniform trading unit as the Kyoto Protocol’s “one ton of carbon”. Nevertheless, by using appropriate financial mechanism the diversity issue can be
overcome, see Chichilnisky, G. Development and Global Finance, UNESCO and UNDP, New York 1997, Op. cit.
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This is obviously a difficult task but, fortunately, there are now excellent examples to draw upon. The Chicago Board of
Trade’s Sulphur Dioxide market has successfully reduced acid rain in the US since its introduction fifteen years ago. The Chicago Board
of Trade SO2 market started trading in 1993.

The recently ratified Kyoto Protocol of the United Nations’ Convention on Climate Change has an innovative market
mechanism for trading the rights to use the planet’s atmosphere of the planet. It is the first agreement of its type, and has become
international law in 2005. Its provisions are starting to change the carbon emissions and even the use of energy around the world. Its
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Clean Development Mechanism is credited with decreasing about 30% of EU emissions annually since the Protocol was ratified, see World Bank
reports: State and Trends of the Carbon Market 2007 and 2006, op. cit.
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Businesses fear carbon markets. But in reality carbon markets are quite simple. Each nation has emission limits, adding up to a world
emissions total. A nation that is above its limit buys the rights to emit from another that is below its limit. This way the bad guys and penalized and
the good guys are rewarded. There are no tax authorities in the middle of the transaction. The ‘carbon price’ encourages clean technologies, because
dirty technologies pay for emissions. Clean technologies do not.

example in China, a socialist nation, land cannot be traded because no individual has property rights on land,
which is owned as a common resource by the people of China. Since the government represents the people, a
developer who wants to build in China must instead lease the land from the government. This situation is not
unique to China. Most land in London is owned by the crown, and houses in London are typically built on land
that has long leases from the crown. Much of the real estate market in London is based on trading long-term
leases, because this is the form of property rights in England. In the carbon market, the property rights are the
nations’ rights to emit. The carbon market could only start trading once these property rights—the rights to
emit, (This confuses me; “rights to emit” same as limits on emissions?) namely the nations’ limits on
emissions)—were established in 1997 as part of the Kyoto Protocol. BY ESTABLISHING OF PROPERTY
RIGHTS, DO YOU MEAN QUANTIFYING THE RIGHT TO EMIT? IF I DON’T TAKE IN THE CARBON
MARKET IDEA REALLY FULLY, WE’RE SUNK. YOU HAVE TO REMIND ME? BASICALLY, AS I
UNDERSTAND IT, UNDERDEVELOPED NATIONS ARE SELLING THEIR RIGHTS TO EMIT TO
OTHER NATIONS WHO EMIT MORE? BUT, REMIND ME PLEASE, DOES EVERY COUNTRY START
OUT WITH THE SAME AMOUNT OF “RIGHTS TO EMIT”? HOW IS THIS DETERMINED? ARE ALL
MARKETS AS QUANTIFIABLE AS CARBON? Otherwise, without knowing who owns what rights, trade is
not possible. BUT CARBON MARKET WITHIN COUNTRIES IS COMMONLY OWNED, YES? OR IS
CARBON SOMETIMES PRIVATELY OWNED. I CANNOT RECALL WHETHER YOU HAVE TOLD ME
THIS.
Classic economists knew that markets only work properly when there are well-defined property rights.
This is a simple proposition, but it is a powerful one. Innovative market solutions, then, require new systems of
property rights, different than common and private, yes?. This is true within each nation, and at the global level.
The conclusion is concrete and far reaching: our leading example, the Kyoto Protocol of the United Nations, is
based on new systems of property rights on the use of the planet’s atmosphere. These rights are provided for
nations in Annex I of the Kyoto Protocol, which provides I GET HUNG UP ON THIS: ‘quantified emission

Chichilnisky, G. “Making a Profit while doing Good” Financial Review, Tuesday August 19 2008, Australia, and “Innovatice Preventive
measures are Needed” July 31, 2008, The Age, Australia.

limitations or reduction commitment as a percentage of base year or period, nation by nation’. 283 The industrial
nations’ rights to emit CO2 were numerically established, on a nation-by-nation basis. SO EACH NATION
HAS DIFFERENT EMISSIONS EVALUATION? The Kyoto Protocol offers a global market solution, the
carbon market, which is based on the trading of newly defined and internationally agreed global property
rights—or ‘user rights’—on the use of the planet’s atmosphere. This point will be developed further in the
coming chapters.
At this point we need to remind ourselves that markets function differently under different property
rights regimes. NOT CLEAR WHAT PROPERTY RIGHTS REGIMES ARE. DO YOU MEAN AT
DIFFERENT STAGES OF DEVELOPMENT? That is, the system is dynamic. During a period of transition
from agricultural to industrial societies, for example, property rights and markets change. MATERIAL GETS
JUST A LITTLE REPETITIVE HERE. YOU HAVE DONE A GREAT JOB OF EXPLAINING
DIFFERENCE BETWEEN COMMON AND PRIVATE PROPERTY RIGHTS. (Right now, developing
nations such as Uganda, Ivory Coast, Ecuador, Bolivia, Mexico, China and India are, in great measure,
agricultural economies that are undergoing this transition. They mostly rely on natural resources such as forests
and mineral deposits, and treat them often as common property. Industrialized nations treat them, instead, as
private property. In sum: poor nations treat natural resources as common property, rich ones as private property.
Changes in property rights on resources mark the transition to industrialization. Indeed, just before a country is
industrialized it typically privatizes its “commons.”284 The market functions very differently in these two cases.
As we have already seen, developing nations export resources because they have common property rights on
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The current situation in China is an interesting experiment that unfolds before our eyes. China has no private property on land, being a
socialist nation, and therefore there is no market s in land are possible. Instead, developers can purchase a long lease from the government on which

natural resources (Figure 5.3 illustrates). They do so even when they do not have competitive advantages in
natural resources. And they end up exporting more resources than they should, which they sell internationally
well below competitive market costs285. These are inevitable consequences when some nations rely on common
property and others on private property in resources.

Globalization adds fuel to the fire. Through the rapid expansion of international markets after World
War II, globalization acted as an accelerant by which poor nations rapidly increased their extraction and exports
of natural resources while rich nations rapidly increased their imports. The low resource prices trapped poor
nations in a cycle of poverty and under-consumption. The exporting nations were paid little for what they
specialized in, namely natural resources or raw materials. Their people could not meet their Basic Needs, and
the pattern persists today. This global pattern of trade has created a deeply divided world, with underconsumption in the South and over-consumption in the North. )
Over the entire period of globalization since World War II, the world as a whole over-consumed natural
resources beyond what would have been optimal, eventually engulfing the world economy in a global
environmental crisis. The ripe conditions of the era of globalization, and the attendant expansion of
international trade since World War II, unequivocally led to overuse of the earth’s resources and to widespread
poverty in the developing nations. In a nutshell, this is how overuse of resources and poverty are linked. This
unfortunate link is not theoretical: it is practical, direct and observable. THIS IS THE POINT YOU NEED TO
GET ACROSS IN THIS CHAPTER. YOU HAVE TOO MUCH LEAD-IN TO IT. TOO MUCH REPETITION
WILL LEAD PEOPLE TO TURN AWAY, LOSE THE MAIN THRUST OF THE NEW STUFF. Many people
have argued the connection between poverty and the destruction of the environment. Below we show how this
link works in practice, step by step, and how to reverse it. The data shows that, across the world, natural
resources are typically exchanged between the two different types of regions, the developing and the industrial
nations, the North and the South (Figure 5.3).

they build their property. The land lease system is not unique to China, most of the land in the city of London UK is owned by the crown and hoses
and apartments are sold on the basis of leasing, just as in China today.
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Figure 5.3a—WTO International Trade Statistics 2011

Figure 5.3b—UN-FAO 2007 and 2009 data; World Steel Association, Steel Statistical Yearbook 2011;
IEA Key World Energy Statistics 2011; Alan Thein Durning. “How Much is Enough?” The Worldwatch
Environmental Alert Series. 1992.

Figures 5.3—Baker, E, Bournay, E, Harayama, A, & Rekacewicz, P (2004). Vital Waste Graphics
The historical roots of this pattern of specialization and the under-pricing of resources are found in the
period of colonialism, when advanced nations colonized poorer nations to extract their resources and abducted
their people into slavery. Slavery is an extreme form of importing inexpensive resources, human resources,
from poorer nations. Portugal, Holland, Spain, the UK and the US have all been implicated in the explosion of
colonialism since the 15th century and benefited from this. Early on, the US itself sought independence from its
colonial masters in the “Boston tea party”, when it rebelled against the poor terms of trade paid by the UK for
its natural resources. Fortunately colonialism dwindled in the 20th century, but only to be replaced by
international markets that captured some of its characteristics: developing nations still specialize in natural
resources, which they sell at prices that are below competitive market values. It can be called “market
colonialism.”

Figure 5.4a—
Leading oil exporters are all developing nations, US EIA 2009 data
LOOK VERY CAREFULLY AT ALL THIS MATERIAL. I FEEL LIKE YOU KEEP MAKING THE
SAME POINTS. TOO REPETITIVE OF THE REST OF THE BOOK. Even though common property
resources have been identified all over the world with the overuse of resources—such as fisheries, clean water
sources and forests—the developing nations alone are not the sole party responsible for the current situation.
The driving force is a rapidly growing international market with rich consumer countries and their multitude of
purchasers clamoring for more and more goods that are dependent on the cultivation and extraction of more and
more resources. (HEARD THIS MANY TIMES. That is, the classic ‘tragedy of the commons’ is not endemic to
developing countries but the problem of overuse of common resources is magnified in societies when a poor
nation opens up to international markets and trades with rich regions that are based on private property. (In
other words, it is magnified in a period of globalization into the global tragedy of the commons.
The link between property rights and environmental damage is evident. The under-pricing of a nation’s main
resource exports, such as oil, perpetuates a cycle of poverty in those nations, first, in itself, but also by
foreclosing on the development of new technologies and industries. In richer nations, the same low resource
prices undermine the ability to shift to cleaner renewable technologies, such as solar, wind and hydraulic
energy. DO NOT LOSE SECOND POINT HERE. THIS HAS BEEN LESS EMPHASIZED AND IT IS
CRUCIAL. New clean technologies cannot compete in commercial terms with low priced oil. In the USA, the

largest user of petroleum in the world, the phrase “oil addiction” has been coined to describe this unfortunate
phenomenon286. It is an apt metaphor since the lure of clean living is constrained by overwhelming incentives
to feed one’s habits. In this case, it isn’t the addict that suffers most -- the entire world is worse off. Yes,
addiction has its costs and it is now widely accepted that low oil prices are a key factor in the social ills this
yields. The scientists of the Intergovernmental Panel on Climate Change who advise the United Nations Climate
Convention discovered ten years ago that global warming is a consequence of rapidly increased burning of
petroleum and of other fossil fuels across the world. And it is well accepted that the over-consumption of
petroleum across the world is directly linked to the low international prices of petroleum that prevailed during
the post-war period.287 During this period, the leading petroleum exporters were mostly developing nations, as
illustrated in Figure 5.5.

Figure 5.5—Drop in
real oil prices since 1985, Inflation data:
http://inflationdata.com/inflation/inflation_rate/historical_oil_prices_table.asp

The dramatic increase in oil exports was accompanied by a drop in real prices throughout most of this
period. And so the circle closes. The global increase in carbon emissions from burning fossil fuels during the
last 50 years, shown in Figure 5.6a, is identified today as the cause of Global Warming.
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The expression “oil addiction” was popularized by US President George W. Bush in public speeches during 2006 and 2007.
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Figure 5.6a—
J. Hansen et al., PNAS 103: 14288-293 (26 Sept 2006)
While we all understand that low petroleum prices are at the core of the global warming crisis, few
people understand why petroleum prices are so low, and what can be done about it. (WE HAVE TO GET
MORE QUICKLY TO THE “WHAT CAN BE DONE ABOUT IT” MATERIAL. ) My conclusion is that the
artificially low prices for oil are attributable to historical and cultural realities: the expansion of trade between
two regions that are in very different stages of development and have different systems of property rights on
natural resources. AGAIN, I FEEL LIKE WE ARE GOING ROUND AND ROUND WITH THE SAME
POINTS. Traditional economic explanations cannot account for the patterns of trade that are observed. Standard
economic models assume that all property rights are private, which does not conform to the facts for 80% of the
people in the planet.

GET TO THIS: Now that the link between global environmental damage and the global divide is
apparent, what is the solution? Is there a ‘missing link’ that has been overlooked and can be invoked to
overcome this persistent and cruel dilemma?

To find a solution, we need to identify causes that can actually be reversed. We have already identified
several interlocking ingredients: (i) Trade policies in developing nations, who specialize in resource exports,
(ii) Property rights in developing nations, who treat natural resources as common property, (iii) Property rights
in industrial nations, who treat resources as private property, and (iv) The rapid expansion of globalization and
world trade, which magnifies the global tragedy of the commons.

Let’s examine first whether we can eliminate the first source of the problem, namely that trading
policies in developing countries over-specialize in exports of resources, or resource-intensive products.288 What
would happen if this goal were achieved? Then only industrial nations would export resources. (Well, is there
no middle ground between having them export all and none?) Since industrial nations have private property
rights for resources, this would avert the ‘tragedy of the commons’ that prevails when resources are common
property since, as it is intuitively clear, natural resources would have higher prices than they do today. This
would also by itself alleviate one of the main reasons behind US oil addiction, namely cheap oil. Some of us
have advocated this solution for many years. DOES THIS MEAN THAT BIGGER NATIONS WOULD HAVE
TO RELY SOLELY ON THEIR OWN NATURAL RESOURCES? YES? In this scenario, developing nations
could either shift to industrial exports or exports based on knowledge, or else could underemphasize exports as
an engine of their economic growth and concentrate instead on developing strong domestic markets. BUT
WHERE DO THEY GET THE MONEY FOR SUCH A RADICAL TRANSFORMATION? More recently, this
view has found support among others such as Dan Rodrick289 and the World Bank itself.290
In many cases, however, this solution may be difficult to implement. It may be difficult for the
government of a developing nation to reduce significantly its exports of natural resources, at least in the short
run. Resource exports are a main source of income in many nations, and support their governments and the
coalitions backing them. For example, fuel and mining products are 56% of Ecuador’s exports, 84% of
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Kuwait’s exports, and 90% of Saudi Arabia’s exports.291 South America depends on exports of raw materials or
natural resources for 72% of its exports.

Figure 5.6b—World Bank data; UN Comtrade data

Figure 5.7—Oil exports as % of GDP in several developing nations and Oil exports as % of GDP in
Norway, UK and Canada, World Bank 2009 data; UN Comtrade data
When advocating this solution, we have to qualify it. We argue that resource exports are generally not a
good source of economic growth in developing nations where labor is abundant and technologies are
‘dualistic”—which means that the economy is split between a small modern capital-intensive sector and a large
traditional labor-intensive sector—the subsistence economy. We have demonstrated this theoretically and with
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WTO figures, for Ecuador see http://stat.wto.org/CountryProfile/WSDBCountryPFView.aspx?Language=E&Country=EC , for
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data,292 and so did, more recently, D. Rodrik and R.J. Barro.293 WATCH OUT, FEEL LIKE WE ARE
GETTING BACK INTO POINTS OFTEN PREVIOUSLY MADE: Despite the caveats, clearly I have
maintained throughout the book that resource exports are not a good engine of industrialization for developing
nations. (CRUCIAL POINT HERE AND NOT ONE WE HAVE COMPLETELY TAKEN IN. BALANCED,
GRADUAL APPROACH MEANS TRANSFORMATION BECOMES MORE AFFORDABLE—YES?) A
developing nation needs to follow a more balanced approach, building its domestic markets alongside its
exports. In the long run, this may be the only solution. It is a natural solution in the sense that, to a certain
extent, it would be implemented automatically as developing nations gradually industrialize. As developing
nations become industrialized, only industrial nations will export resources. However, it may not be possible to
wait for the advent of this long-run solution since some of the global environmental problems we face today,
such as global warming, require action in the very near future. Along with other possible remedies, some
industrial transition will be necessary if populations ever are to free themselves of the economic anchor of
resource dependency and below-subsistence wages. Indeed, the economic development of resource exporting
nations is being slowed down today by policies focused on exporting resources, as pointed out by Rodrick and
Barro294, making the transition to industrial status slower and harder, and the global divide longer and more
painful than it needs to be. ARE INSTITUTIONS OR DEVELOPED NATIONS SUPPOSED TO HELP
FINANCE THE DEVELOPMENT OF NEW NATIONS INTO AREAS BEYOND NATURAL RESOURCES?
ALSO, DO ALL DEVELOPED NATIONS HAVE ENOUGH NATURAL RESOURCES LEFT TO SERVE
THEMSELVES IF THEY CANNOT RAPIDLY CHANGE TO CLEAN SOURCES OF ENERGY, ETC?
Turning our attention to the second policy issue (ii), we could consider policies that update the systems
of property rights for resources that prevail in developing nations. This may call for privatizing the ownership
of natural resources in developing nations, and as such it could be an uphill and possibly losing battle. In
countries such as Mexico, oil reserves are considered “national patrimony” and the “property of the people”. No
politician would be able to privatize either oil deposits or their sales in the near future. This has recently been

And for Kuwait see http://stat.wto.org/CountryProfile/WSDBCountryPFView.aspx?Language=E&Country=KW
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tested. For example, Mexico needs US technology to extract offshore oil, now that its reserves in the soil are
rapidly coming to an end. Yet the political situation has made it very difficult for Mexico to seek the substantial
private foreign investment needed to achieve this goal. BECAUSE OF COMMON OWNERSHIP? In countries
such as UAE and Kuwait the situation is quite similar. If anything the trend has been to reduce or eliminate the
role of private property in the energy sector in key oil exporting nations. Ecuador has recently nationalized its
oil sector, Bolivia its natural gas and recently Venezuela nationalized its Orinocco basin’s oil resources, which
are immense. Changing established property rights on natural resources is extremely difficult and may be
downright impossible. The entire issue is connected with property rights on land, an issue at the center of
revolutions fought in the last centuries and a highly contentious issue e today in South and Central America.295
Traditional land rights are difficult to change. For instance, the British Monarchy, as previously stated, still
owns most land in London, and the Catholic Church is the largest landowner in the world. To put matters in
perspective, there have been centuries of struggles for land reform in Latin America, unsuccessful on the whole.
Land reform is all about the relocation of property rights on land. ARE YOU SAYING THAT CURRENT
LAND REFORM INITIATIVES FAVORING TRANSITION TO MORE COMMON PROPERTY ARE
NAÏVE AND BEHIND THE TIMES CONSIDERING ALL YOU HAVE PROVEN AND THAT WE ARE
STUCK IN THIS PHASE OF REFORM? The governments of President Juan Peron in Argentina and more
recently President Evo Morales in Bolivia became highly contentious when they tried to implement land reform.
(THEIR REFORMS FAVOR TRANSITION TO MORE PRIVATE PROPERTY?) The jury is still out on
Morales’ success. Their policies were viewed as a form of nationalization and of reallocation of property rights
on land, which is a crucial natural resource in Latin America. SO THEY ARE STILL MOVING TOWARD
MORE COMMON PROPERTY? China is currently revising its own allocation of property rights on land,
which cannot be privately owned in their country because it is a means of production in a socialist economy.
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Land in China is leased, not owned, with long-term leases of about 30 years each. DOES LEASING CAUSE
LAND TO BE TREATED MORE LIKE PRIVATE PROPERTY IN TERMS OF FAIR PRICING, ETC? As
this policy is being revised, it affects 1/8 of the people in the planet—yet it is not expected to be successful.296
For all these reasons, (ii) and (iii)297 are not hopeful targets for policies to redress the environmental dilemmas
we face, or the global divide. Nor is the policy tool that we have designated as (iv), which would call for
reversing the successful expansion of globalization and international markets in the second part of the 20th
century. It does not seem possible, or desirable, to stem the irresistible tide of globalization. At this point, the
reader may be justified in wondering whether there is anything left. Is there room for using property rights as a
means to overcome the global divide and the environmental crisis we face? Fortunately there is, and it is rooted
in the framework of the Kyoto Protocol.
In coming to grips with the dangers of global warming, the world may have stumbled upon an
unprecedented solution that could provide a way to the future. In a historically significant moment, 10th of
December1997, 157 nations signed the Kyoto Protocol of the United Nations298. This pathbreaking international
agreement limits the nations’ rights to emit carbon and, more generally, greenhouse gases (GHG). The Kyoto
Protocol is unique because, under current conditions, it represents an agreement to limit the use of fossil fuel
energy, the main driver of economic growth that is used to produce 90% of the world’s energy. Kyoto is,
therefore, a voluntary decision by the nations of the world to decrease carbon emissions and, under current
conditions, to potentially curtail their own economic growth. This can be considered a major achievement in
global cooperation, certainly the first of its type. Kyoto is also unique because it is based on the creation of a
new type of market, the so-called global carbon market. Furthermore it is the first international agreement that
decreases damage to the environment while redressing the global differences in wealth—and does all this in a
self-financing manner that require no donations. How does this work?
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In simple terms, one can resolve a problem of overuse of the global commons by limiting the rights to
use the global commons, and organizing their trade among the nations. The Kyoto Protocol tackles a problem
of the global commons—the quality of the atmosphere of the planet—and does so by allocating limits on the
use of the atmosphere to emit carbon, namely property rights on the use of the global commons. It also allows
the industrial nations of the world to trade these rights.
Global crises require global solutions. The solution provided by Kyoto is based on global market forces.
(EXPAND. NEEDS MORE HERE: The carbon market performs an important role as a tool for change, because
it creates a compelling incentive for implementing newer and cleaner technologies. The more emissions are
produced by old technologies, the more costly and undesirable they become in commercial terms. Carbon
markets propel technological change. )
I worked for several years to help achieve this agreement and its market solution, focusing my research
and giving presentations in various agencies of the United Nations, at the World Bank, the IMF and the OECD,
and helping in practical terms the negotiators of the Protocol, working with Timothy Wirth, the US
Undersecretary of State; with Larry Summers, then the undersecretary of the US Treasury and with various
members of the US Congress and the Senate. I organized several conferences at Columbia University with
members of the United Nations Framework Convention for Climate Change, where we discussed the merits of a
carbon market over and above carbon taxes, and why developing nations should get preferential rights.(YOUR
SOLUTION INCLUDES THEM GETTING PREFERETIAL RIGHTS?) Key to the argument is the peculiar
nature of markets that trade rights to the global commons, like the carbon market. Since the early 1990’s I
showed that these are rather unusual markets, and that the solution eventually adopted by the Kyoto Protocol,
which favors the developing nations, is in reality an improvement over and above the alternatives, and over and
above more conventional carbon taxes that were advocated at the time.299
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It is important to realize that the Kyoto Protocol carbon market is not just a standard “cap and trade”
system. There is a key and unusual feature of markets that trade rights to use the global commons such as the
planet’s atmosphere. These are rights over global public goods because the concentration of carbon in the
atmosphere is uniform across the entire planet, the same for all. At any point in time it is the same in New York
as it is in Madrid and in Beijing. Because of this, I argued, (DON’T GET THIS: the markets that trade rights to
emit connect the allocation of rights with the efficiency of the solution.) For this reason, the solution that I
proposed, which was eventually the one adopted in the Protocol, favors both the rich and the poor nations alike.
More on this below.
Before going any further, however, we need to discuss how a market-based solution can overcome a
problem that was itself created by market forces. This is a counter-intuitive conclusion, but one that becomes
natural upon reflection. The problem at hand, as we have stated, is the over-consumption of fossil fuels across
the world, and was caused, as we saw, by international trade in resources between rich and poor nations. But
how can a market solution correct the market imbalance, how can it redress the overuse in the world’s use of the
resources?
At the time I made this proposal in the early 1990s, a market solution to environmental problems was
seen as a ‘cop out’, a way to provide enough flexibility to the rich nations that they could avoid the
consequences of their excesses. I was then a Trustee in the National Resources Defense Council (NRDC), and
in this role I had many lively debates with my colleague Trustees, who were somewhat horrified by my support
of profit motives and market forces that they thought were the baneful sources of our predicament. Buying and
selling one’s rights to emit carbon for profitable purposes were seen as something close to buying or selling
one’s grandmother. In televised debates at the Reuters Forum and at Columbia School of Journalism, I had to
defend my position from telegenic counterparts such as Robert Kennedy Jr., who was an attorney at NRDC at
the time, and who had an easy way to dismiss my economic arguments with impenetrable emotional logic.
Market solutions such as the carbon market were not popular with NRDC, nor with Robert Kennedy Jr. Market
solutions are more popular today, and even Robert Kennedy Jr. advocates them—although many reasonable
people still misunderstand the problem and would still prefer carbon taxes over market solutions, something that

is discussed in more detail below. Back to our main question: how can a market solution help resolve a marketcreated problem?
A simple explanation is that the carbon market corrects a market distortion, a market failure that caused
the environmental problem in the first place. As we saw in prior chapters, most environmental problems have
originated in the 20th century as a result of international trade between nations that are in very different periods
of their evolution, between agricultural and industrial societies. International trade emphasized a market
distortion caused by lack of property rights for natural resources in agricultural societies, leading to over
extraction and prices that are below market levels. In a nutshell I argue that, in allocating property rights on the
global commons appropriately and organizing their trade, the Kyoto Protocol can be a template for resolving the
market distortions that created global warming. And, in doing do, indirectly, the Kyoto Protocol helps overcome
other major environmental dilemmas such as biodiversity destruction. In essence, the Protocol design may be a
worthy template for international trade between unequal partners, involving the global commons—any
commons, including knowledge.
Kyoto corrects the problem by creating a new global market that is based on a new class of ‘rights of
use’/SAME AS “RIGHT TO EMIT?” or property rights on the global commons. Rather than introducing
property rights on the natural resources in developing nations, for example on a nation’s petroleum, which may
be an impossible task in the near term, the Protocol introduces property rights on using those resources within
the industrial nations.300 Instead of leavening private property rights on the developing nations’ petroleum, it
limits the rights of individual OECD nations to use the planet’s atmosphere as a sink for their carbon emissions.
Kyoto achieves this simply by limiting the rights of industrial nations to emit CO2, most of which comes from
the burning of fossil fuels that are imported from developing nations.
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Agrarian Reform and the Latin American Campesino, Westview Press 1995, Key, Cristobal and Salazar Graciela “Agrarian Structure, Conflict and violence in Rural
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1995, Randall Laura Reforming Mexico’s Agrarian Reform, Armink: M.E. Sharpe 1996.

Carbon markets are quite simple.301 Each nation is given emission limits, adding to a world total. A
nation that is above its limit buys the rights to emit from another that is below its limit. It is as simple as that.
This way the bad guys are penalized and the good guys are rewarded, and there are no tax authorities involved
in the transaction. BUT I STILL DON’T SEE HOW, IF THE BAD GUYS CAN STILL BUY WHAT THEY
NEED, HOW THIS LOWERS EMISSIONS. The ‘carbon price’ that emerges from these transactions
encourages clean technologies, because dirty technologies cost money but clean technologies do not. THIS IS
MAJOR POINT. FEELS A LITTLE BIT TOO DE-EMPHASIZED: Clean technologies are therefore less
expensive to use.
In practical terms, the Kyoto Protocol set forth legally binding emission targets of CO2 across industrial
nations. One simple table in the Appendix of the Protocol302 provides the numbers that the nations agreed. The
US, for example, agreed in 1997 to reduce its emissions by 7% from 1990 levels during a five- year
commitment running from 2008 to 2012. The EU would have to reduce by 8% and Japan by 6%. Given that US
emissions have in fact increased by 12% from 1990 levels, and are continuing to rise, the actual reduction from
the ‘business as usual’ scenario required by Kyoto would be more like 30% at present, not 7%, a significant
reduction over a quite short time period.
Simply, one can resolve a problem of overuse of the global commons by limiting the rights to use the
global commons and organizing their trade among the nations. Actually, there is a long economic tradition of
“cap and trade” policies that Kyoto resembles. Such solutions were proposed for years, for example by Ronald
Coase, who used them to resolve problems of so-called externalities when one firm’s pollution negatively
affects another firm. But, in reality, the markets involved in trading rights on the global commons are more
subtle and complex. They are substantially different from the standard markets for private goods traditionally
proposed to resolve externalities, and require new economic thinking. Some of the new factors to consider are
the distribution of the rights to emit, the right to use the global commons.303 These distributional issues do not
matter in standard markets, but they do here because we are dealing with a global public good. For example, in
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Coase’s famous example there is a laundry whose clean clothes are soiled by soot emitted by a nearby firm:
this is a negative externality on the laundry. Coase’s solution was to assign the rights to use air to one of the
parties—either to the soot producer, to the laundry, or some to each of them—and then allow them to negotiate
among themselves.304 By allowing the firms to trade between themselves, he argued, an efficient solution
emerges. Ronald Coase explained that who gets the rights determines who wins and who loses, but does not
matter for efficiency purposes. What does efficiency mean? It means that once the traders finished bargaining,
there is no way to make everyone better off. All the win-win solutions have been exploited. A well-known
result—appropriately called ‘Coase’s theorem’—shows that equity and efficiency are neatly separated in
markets involving private goods. The market solution is efficient no matter what. There is no way to make
things better off for everyone.305
But efficiency does not mean equity. For example, apart from other values, it may be efficient at the end
of the day for the laundry to close shop. Some may view this as a harsh way to define efficiency—yet it is the
classic form of efficiency used in economics. The invisible hand theorem ensures that there is no way to make
everyone better off,306 but this does not mean that everyone is treated equitably. Some people will lose their
jobs when the laundry closes, but the central idea of classical economic thought is that the market still knows
best. The market solution is still efficient (awkward: and alternative solutions would make someone else worse
off)—would be inefficient. This is a classic observation that has prompted the late British economist Joan
Robinson to state, famously: “The invisible hand always works, although sometimes it works by strangulation.”
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QUOTE PREVIOULY USED. WORKS BETTER HERE.
But Coase’s results do not work for CO2 emissions. For physical reasons, all nations are exposed to the

same level of carbon, all face global warming risks. SO FOR CARBON MARKET MODEL TO WORK,
WHATEVER MARKET IS USED HAS TO BE ONE IN WHICH ALL THE SUBSTANCE HAS TO BE
EVENLY DISTRIBUTED? This is quite different from soot. The soot one gets the other does not get, and vice
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versa. Soot is a private, rival, good. This is not so with the seal level, for example. The rise of the sea level is the
same across the world. Alaska and Florida, the Maldives and Bangladesh are all exposed to the same sea level.
The sea level is a global equalizer.308 SO CARBON IS A GLOBAL EQUALIZER AND THEORY ONLY
WORKS WITH GLOBAL EQUALIZERS?
The exposure to global warming is a global problem that unifies us all, rich and poor nations. They all
have low and high terrain. Rich nations are particularly exposed because coastal areas are the most popular
building sites for human settlements. In a peculiar way, this can motivate everyone to reduce emissions, to take
corrective action. It is as if when Coase’s laundry perishes, so do the other firms. This clearly would create
different incentives for action in Coase’s world.
The global public good aspect of atmospheric carbon restores equity to the economic equation. While
preserving the efficiency of the market, it allows us to combine equity and efficiency. Markets involving public
goods—such as the quality of the atmosphere of the planet—link in unexpected ways to equity and the
efficiency issues. This has been known for many years starting from the work of the Swedish economist
Lindahl,309 followed by the American economists Bowen and Samuelson.310 This suggests that cooperative
solutions could be promising as a way to go beyond the Global Divide.
Before going into the future, however, we should anchor our thinking on past and present reality. The
Kyoto Protocol itself has to be viewed as only an initial attempt towards resolving the global warming problem,
rather than a final solution. It indicates a way to move forward rather than the end of the path. Indeed, the
Protocol was designed to be a first step, an experiment on how to deal with global warming. Its provisions
expire in 2012 in their own terms and by deliberate design. WILL IT BE REVISED? DO YOU CURRENTLY
SEE NEED FOR OR POSSIBILITIES OF MEANINGFUL REVISION? SOMEPLACE, WOULD LIKE TO
SEE WHAT YOU PERCEIVE AS “FLAWS OF OPERATION.”
Even the initial step, the 1997 Kyoto Protocol, took a long time to emerge, providing a visible example
of how slowly we have responded to global threats. The Kyoto Protocol was the culmination of a long and
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contested process of information- gathering and diplomatic negotiations for the nations of the world. The
foundations were laid down in the period 1957 to 1985, when an article by Revelle and Seuss in 1957311
reported, “humans are now carrying on a large-scale geophysical experiment”. The so-called Keeling curve 312
measured carbon parts per million in the atmosphere starting in 1957, in Figure 6.1. In 1963 the Conservation
Foundation reported, “It is estimated that a doubling of the carbon dioxide content of the atmosphere would
produce a temperature rise of 3.8 degrees centigrade.” 313 In 1979 NASA reported, “There is no reason to doubt
that climate change will result from human CO2 emissions, and no reason to believe that these changes will be
negligible.”314 This was almost 30 years ago, and yet the problem is with us today.
Political interest peaked after the 1985 Villach meeting315 and the 1988 Bellagio meetings,316 and in
1987 the Brundtland Commission’s report “Our Common Future”317 added fuel to the debate, followed by the
discovery of the ozone hole and Congressional hearings. The 1988 heat wave in North America added a direct
experience of the possible changes envisioned.318 One can summarize the development of the problem and of
the International Climate Change Regime in Figures 5.8 and 5.9 below.
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Figure 5.8—National Oceanic and Atmospheric Administration; US Department of Commerce
The politics and law of climate change developed comparatively quickly as an international issue. The
Intergovernmental Panel on Climate Change was established in 1988, the United Nations Framework
Convention of Climate Change was negotiated in 1992 at the 1992 Earth Summit in Rio Brazil where Basic
Needs became the backbone of Sustainable Development, and the Kyoto Protocol itself was signed in 1997,
followed by the Marrakech Accords in 2001.319 The timeline is shown in Figure 5.9 below.
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Figure 5.9—
Timeline of international Climate Regime
It seems worth explaining how the global climate negotiations operate, if for no other reason than to
illustrate how international change processes unfold, how difficult it is to gain consensus and how necessary is
global cooperation to achieve a solution. After the 1992 Earth Summit in Rio de Janeiro where Basic Needs
were chosen as a cornerstone of efforts towards defining and implementing the concept of sustainable
development, the framework convention on climate change was created, UNFCCC. This established a general
system of international governance for climate-related issues. To build scientific consensus step by step as well,
the work of the UNFCCC is based on the IPCC, a scientific body that includes thousands of scientists from all
participating nations. In 1996, the IPCC made the first official statement on humans’ impact on the global
climate, finding a ‘discernable effect of human carbon emissions on the earth’s climate’. 320 The next year, the
UNFCCC met and its 160 countries voted in December 11, 1997 in favor of the United Nations Kyoto Protocol,
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which limits carbon emissions by industrial countries requiring that they achieve a 5.2% reduction by the year
2012. No limits were placed on developing nations’ emissions, according to the provisions of Article IV of the
1992 Climate Convention.
Regular meetings among the parties provide a forum for discussion, focal points, and help build trust
and a greater consensus about the appropriate norms. In sum: through the use of framework conventions and
protocols, the approach is to allow states to proceed incrementally; a framework convention establishes a
system of governance, and specific obligations are developed in protocols. The United Nations Framework
Convention on Climate Change and its Kyoto Protocol fit this model. It was created to stabilize the world’s
emission of greenhouse gas emissions (GHG) concentrations at safe levels, those prevailing before the
industrial revolution, about 200 years ago. Those levels were about 280 parts per million in the pre-industrial
society; they are now just below 400 parts per million, and increasing. The UNFCC was based on important
principles: equity, along with common but differentiated responsibilities for industrial and developing nations.
It recommended cost-effective steps, consistent with sustainable development and designed to provide “no
regrets” safeguards against such risks. Steps should also be compatible with food security, social justice and the
wealth of nations.
Article IV of the 1992 UN Climate Convention assured that industrial nations must take the lead and
developing nations would not be asked to reduce their emissions without being compensated for this. This was
because historically and currently the use of the atmosphere of the planet to emit GHG was predominantly done
by the industrial nations who represent about 60-70% of all the global emissions even though they house 18%
of the world’s population, currently and historically as well. The Climate Convention also provided the use of
the precautionary principle, and required cost effectiveness in achieving its objectives. The obligations of the
United Nations Framework Convention include, for all countries, to provide GHG inventories, national
strategies and measures, and reporting. Industrial nations—listed in Annex I—must return to their 1990 levels
by 2000. Western industrialized nations (Annex II) must provide financial assistance to developing nations for
the Convention’s goals. Figure 5.9 above provides a map to the evolution of UNFCC institutions.

When the UNFCC basic framework was first established, it provided no binding emission reduction
targets. Its aim was to return to 1990 levels by the year 2000. The next major milestone in the negotiations was
the Kyoto Protocol. After the framework convention was completed, it became clear that most countries were
not on track to meet their non-binding emissions aims. A new agreement had to be negotiated. The result was
the 1997 Kyoto Protocol, which, in contrast with the Framework convention, set forth legally binding emissions
targets nation-by-nation.
Behind the institutional façade, the parties of the climate negotiations followed rather stable patterns
most of which continue to this date. It is useful to understand these patterns because they explain where we are
today, how we got here, and what can and should be done for the future of the climate negotiations. As already
mentioned, the future of the climate negotiations is as uncertain as the climate evolution. Perhaps even more
pressing is that at present the Kyoto protocol’s provisions expire in 2012 and there is a big interrogation mark
over the future. Why?
Even with the signing of the Kyoto Protocol, two major factors continue to stall further progress: the
position of the US and of developing nations such as India and China. The US refuses to ratify and comply with
the Kyoto Protocol. This is, in part, because large developing nations such as China, who currently represent
only about 18% of the world’s emissions but house 1.3 billion people, could become the major emitters of the
future. Yet under the Kyoto Protocol’s 1997 provisions, neither China nor India is obliged to curtail emissions.
The US views this as a major stumbling block to achieving sustainable emission reductions. (BUT DON’T
PENALTIES SET IN WHEN THEIR EMISSIONS REACH A CURRENT LEVEL?) Behind this, there may be
fears of unfair competition. China is the US’s major global economic rival today, following a decade of China’s
enormous economic growth of over 10% yearly. Since the Kyoto Protocol was initially voted, China became a
major economic power. Developing nations, on the other hand, view any demands on them to curtail emissions
as a major CORRECT WORD? fallacy, since they only emit about 30-40% of the global emissions today while
they house over 80% of the world’s population. At present, developing nations are not only more frugal in their
use of the planet’s atmosphere than the industrial nations by having vastly lower emissions, but in addition they
use energy much more efficiently in terms of GDP as well. The following figure illustrates:

Figure 5.10, 2009 EIA data

It seems clear that any solution to the current impasse in the global negotiations must include the
participation of the US in the protocol or its future evolution, and some form of commitment from the
developing nations to reduce emissions under some set of acceptable circumstances, in the future. That is, the
global problems of today mandate cooperation from all parties.
In terms of the EU and the US, the Kyoto Protocol adopted the targets—did they specify carbon?-proposed by the EU, but the overall structure came from the US. Indeed, the overall structure followed my
market strategy that was a US market position, modified by a more favorable treatment of the developing
nations in terms of no emission limits, and the addition of the (Good: An explanation of CDMs that could also
be added to the Intro where, to my mind, CDMs are less clearly delineated: Clean Development Mechanism that
allows credits for industrial nations’ projects that are carried out in developing nations’ soil and are proven to
reduce emissions. These credits can be traded in the emissions market so in principle they carry all the
advantages of the trading system without emission limits on developing nations. So, what you are saying—and
this is the first time I have truly understood this—is that developed nations pay for their emissions by
developing projects that limit emissions in developing nations. They don’t pay in money or can they do either?

The protocol has a flexible structure, a market-oriented architecture that the US had been seeking since
my first results on the topic in 1991, when the climate negotiations started. The elements of the architecture
include:321
•

Emissions Trading

•

Credits for emissions reduction projects in developing nations—the so-called Clean Development
Mechanism (CDM)

•

Credits for the carbon removed from the atmosphere by forests and farmlands (You mean new
farmlands and forests?)

While Kyoto defined a basic architecture, most of the detailed rules are still to be agreed. The European
Trading System market that emerged from the Kyoto Protocol is already trading $50 billions of dollars
annually. WHAT DO THEY TRADE IN? MORE THAN CARBON? And getting the rules right is crucial for
the business community. Indeed, the carbon market and similar environmental markets could be the most
important markets in the future. One nation, Australia, has already officially decided to start its own national
carbon market by 2012. In 2012, California also decided to start a mandatory carbon market, confirming its
status as a leader in environmental policy across the USA. The mandatory nature of California’s carbon market
was challenged in Federal Appeals Court and ratified nevertheless in a resolution that was announced in March
27 2012.
The Kyoto Rules were finalized in 2001 at the Convention of the Parties 7 in Marrakesh.322 The Marrakesh
Accords provided no quantitative limits on emissions trading, (BUT AGAIN, IF DEVELOPED NATIONS
CAN GET ALL THEY WANT, HOW DOES THIS HELP?) significant credits (removal units) for forest and
cropland management and caps on CDM credits for sink activities, and no credits for avoided deforestation
under the CDM. The current situation involves a growing scientific concern. Scientific evidence continues to
reinforce the genuine threat of global warming: only a handful of outliers now dispute these findings. On the
other hand, the international evolution of the climate negotiations has been lacking. The international response
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has been weak. Russia finally ratified the Protocol in 2005, adding strength to the agreement, but without the
US and without limits on developing nations, the Protocol covers only about 30% of global emissions.323
In any event, the Protocol’s emissions limits and other provisions end in 2012. At a Convention of the
Parties in Buenos Aires, the US was completely unwilling to discuss the post-2012 period. And it was joined in
this position by important developing nations such as India. There are currently over 40+ proposals for future
climate change effort. In Bali December 2007, the Convention of the Parties of the UNFCCC decided on a socalled Bali Road Map, to arrive at the terms for a post-2012 agreement by the end of 2009. A great step forward
was achieved when the largest emitter in the world, the US, agreed to join this effort by the 2009 target. This
was the first sign of US cooperation with the Kyoto Process since it signed in 1997. The next chapters will
explain the economic change unleashed by the Kyoto Protocol and suggest how to resolve the China-US
impasse and move ahead in the global negotiations.
YOU ARE ON VERY FIRM GROUND ONCE YOU HIT THE REAL MEAT OF KYOTO, BUT THE
UPPER HALF OF THE CHAPTER IS PLAGUED BY REPETITION OF OFTEN-MADE POINTS.

Chapter VI
The Kyoto Protocol and the Carbon Market
The global economy since Kyoto
Despite continued resistance by the world’s largest carbon emitter, the US, the Kyoto Protocol was
signed in 1997. It was ratified and became international law in 2005. Consequently a carbon market emerged in
the European Union and started operating successfully, following, generally, the provisions drafted in the
Protocol. This chapter will focus on the role of a global carbon market in improving the global environment,
precipitating technological and economic change and altering the use of energy in the global economy.
Before examining the carbon market, it is worth reviewing the changing economic and geopolitical
landscape in which it has to operate. The world economy is quite different today than it was in 1997 when the
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Kyoto Protocol was initially signed by 156 nations.324 Since then China and India have started flexing their
economic muscles and the developing countries as a whole have rapidly increased energy use. (CAN YOU
ADD SOME FACTS AND FIGURES HERE? JUST INTERESTED IN WHICH COUNTRIES HAVE
INCREASED, ETC. I KNOW YOU DO SOME BELOW, BUT WOULD ALSO LIKE TO SEE SOME
REASONS FOR INCREASE.) With respect to the environment, the timing of developing nations’ increase in
energy use could not be worse. Two centuries of industrialization based on fossil fuels shows little evidence of
slowing with the now familiar impact on the world’s climate unfolding in front of our eyes. Entire towns in
Alaska are sinking as the permafrost melts in the warming seas,325 polar bears are near extinction, and glaciers
are melting in South America and Europe. Florida is the next most vulnerable US site, involving a potential
$3.7 trillion in real estate losses in Miami, and Shanghai comes next with US$2.3 trillion in potential losses.326
In spite of these changes, the thirst for fossil fuels continues unabated across the world. For example, China is
building a new coal plant each week, and today the US consumes more fossil fuels than ever. (CHINA NOT A
SIGNER OF KYOTO PROTOCOL, OBVIOUSLY.) Predictions of future climate change impacts range from
significant and disruptive, to potentially catastrophic. Many are surprised to learn that some of the most serious
effects of the carbon pollution we spew into the air will be felt in the sea. Warmer temperatures cause the seas
to expand. Warmer temperatures also speed the melting of the polar ice sheets. These two forces combined have
led sea levels to rise already by 10 to 20 cm from pre-industrial times. And because it takes so long for the
oceans to cool, sea levels will continue to rise for centuries. Global sea levels rose by 1.8 mm per year between
1961 and 2003. Since 2003, increased melting of the Greenland and Antarctic ice-sheets pushed the rate of sea
level rise to 3.1 mm per year. Most of the ice sheets in the world are in Greenland and Antarctica. Complete
melting of the Greenland and Antarctic ice sheets will increase sea levels by 64 to 80 meters, inundating coastal
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cities and island nations while displacing millions.327 Bangladesh and the Maldives will disappear, and New
York will be under the sea. The Greenland ice sheet is now disappearing at more than twice the rate that
scientists initially feared. Total collapse of the Greenland ice sheet is unlikely this century, but it is possible.
Time, however, is not on our side.
Forty percent of the people in North America live on or near coastal areas, within 100 km from the
coast, and for the first time, their welfare depends on the actions of Africans and South Americans Feels
vague/awkward: (who just by using their fossil fuels to grow the way we are doing ourselves, YOU MEAN AT
SAME RATE? could precipitate faster global warming in the future. International cooperation among the rich
and the poor nations has never been so vital.
Fossil fuels have us tied together in a Gordian knot involving three key global issues: energy security,
economic development and climate change. The only way out is to disentangle the use of energy from nefarious
carbon emissions, to replace fossil fuels and make available clean and abundant renewable energy sources. But
this is not feasible in the short term because of the sheer scale of the fossil fuel infrastructure that must be
replaced: about $43 trillion today, 328 and with current trends about $400 trillion by the end of the century.
Thus, although using renewable resources to produce energy is the only viable long-term solution, we still must
contend with the short term, which presents different problems requiring different solutions.
Minimally, the first thing we need to do is stabilize or reduce carbon concentration in the atmosphere in
the next 10-20 years.329 But this is a tall order because even if we stabilize emissions we would still continue to
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add carbon dioxide to the atmosphere at the current rate of 24-30 billion tons per year.330 Consequently, carbon
concentration would continue to increase since carbon dioxide persists for a long time and once emitted it stays
in the atmosphere for hundreds of years. Stabilizing emissions simply guarantees continued accumulation in the
atmosphere, albeit at a lower projected rates than our current trajectory.
Power plants play a critical role in the process because they provide a great part of the world’s energy,
and are the world’s single largest source of carbon emissions. There are new types of coal plants that clean the
carbon dioxide that they emit,331 and while they are a step forward, they create burdensome economic costs and
merely stabilize the implacable accumulation of carbon concentration at current rates. More to the point, such
coal plants defeat the long-term objective of making an orderly transition to non-fossil energy resources.
Cleaner toxins are not the solution.
(Cut/Repetititve: The long-term solution entails moving away from energy that relies on fossil fuels. It is
the only way to sever the Gordian knot that ties the three issues of energy security, economic development and
global warming together. ) A long-term transition away from fossil fuels to alternative sources of energy332 that
are more broadly distributed can provide economic development and security without inducing global warming.
The raw material to produce clean energy is there. For example, solar energy is widely available throughout the
world, much more than oil and coal, which, as we know, are concentrated in certain countries and geographical
areas. In any case, we have no choice in the long run—if we are still around. Fossil sources are limited in
supply. Alternative sources of energy are a necessary condition for sustainable development and the rapidly
growing world demand for energy333 will require a variety of alternative sources. The supply of renewable
resources is not the problem. Solar, on its own, can easily meet a tenfold increase in the world’s energy
production, using less than 1% of the solar energy that hits the planet’s surface.334
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International Energy Agency (IEA) Agency Energy Revolution report by Executive Director Nobuo Tanaka, February 2008:

http://www.iea.org/textbase/speech/2008/Tanaka/cera_notes.pdf
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Also called “clean coal”, which will be discussed below.
Such as wind, biomass, hydroelectric, solar, geothermal, nuclear and even possibly fusion.
Which by the end of this century is expected to be five to ten times larger than today’s energy use,
Chichilnisky and Eisenberger “Energy Security and Climate Change”, Columbia University 12007. And DOE.

(ALL THIS FEELS REPETITIVE IN TERMS OF WHAT YOU HAVE SAID ABOVE. However
optimistic one may be for the long run it is important to appreciate that the long run solution is not appropriate
for the short run. The long run solutions are not realistic for the short run. A transition to alternative energy
sources will occur gradually and over a long time period, since most of the energy used in the planet today is
obtained from fossil fuels from such as oil and coal,335 and the transition will requires replacing a massive and
very expensive infrastructure336. But we have a critical short term problem to resolve. We need to quickly
reduce emissions and stabilize carbon dioxide concentration in the next 10 - 20 years.337
To make matters worse we may have passed the threshold level of emissions that would permit a selfsustainable climate and environment. That is, freezing emissions at today’s levels just buys time, but does not
solve our problem. The build-up of carbon in our atmosphere would continue. For this reason the IPCC338
asserts that we need to decrease emissions of carbon dioxide by about 60-80% within the next ten or twenty
years.339 Immediate action is required to manage the near-term risks.340 What can be done in the short term?)
Any short-term solution must be compatible with long-term objectives, to avoid the trap of defeating
long-run aims by focusing on short- run targets. A recent proposal has been to capture carbon dioxide directly
from fossil fuel power plants, which may delay the time of reckoning. But this strategy assumes a continuing
use of fossil fuel plants into the future, and adversely impacts the long-term objective of replacing fossil fuels
by carbon neutral sources. Perhaps some day suggestions such as these will make sense if we have the luxury of
having a “long term.”)
A successful strategy cannot sacrifice economic growth in the short term by encouraging transitions that
are too abrupt or costly. There must be a deliberate and orderly transition from old to new energy sources. This
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89% of the energy used in the world comes from fossil fuels and less than 1% is from renewable sources, 0.01% is solar energy.
See Table 1 below DOE 2007 and Eisenberger and Chichilnisky, 2007.
337
As long as we continue using fossil fuels and emitting carbon we continue to increase the concentration of greenhouse gases.
The prospects of a timely clean-up dwindle with time.
338
The Intergovernmental Panel on Climate Change is made of thousands of scientists from all over the world who advise the United Nations
on climate issues and was the recipient of the 2007 Nobel Peace Prize.
339
9The 60% figure was chosen because currently 40% of our emissions are removed naturally from the atmosphere and stored largely in the
oceans. In the long term we cannot depend upon this continuing to happen, because in the past the reverse has been true, the oceans and land have
stored less and the atmospheric concentration has increased. As we reach 500 carbon parts per million, the average global temperature is expected to
increase by 3 degrees centigrade, which means three times this amount in the polar caps triggering seal level rise.
340
The climate change problem we face is new, but managing catastrophic risks is not a new activity. We routinely insure against earthquakes
and floods, and new building codes mitigate potential losses.
However the novelty and magnitude of climate change risks require more
sophisticated forms of decision making than the ones used for standard risks (Chichilnisky, 2000, 2002, 2006).
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is an immense undertaking because such a strategy must simultaneously facilitate the transition to alternative
sources and provide for massive increases in supplies for the long run, while in the short run it allows the
continued use of fossil fuels and decreases the carbon content in the planet’s atmosphere. A LONG PATCH OF
REPETITION, BUT I THINKIT ALL CAN GO.) Thankfully, the newly created carbon market has produced
economic incentives that can facilitate and accelerate the transition towards newer, cleaner technologies. The
GDP example presented in the box below shows in some detail the practical aspects of the carbon market
strategy, and how this works within existing economic institutions to produce the needed change.

Box: How the Carbon Market Changes GDP

Gross Domestic Product: the Great Debate
The Gross Domestic Product or GDP is a measure of economic progress that was created by the United
Nations in 1950, and has been used in every nation of the world since then. Important policy and economic
issues are under active debate. At issue is how GDP can distort the measurement of economic progress and
undervalue natural resources that are critical for human societies – such as drinkable water, a clean
atmosphere, forests -- and what to do about it. There is a widespread movement about changing GDP, but no
agreement on how to do it.
The “thesis” of the book can be used to achieve a new measure of economic progress that goes beyond the
standard GDP, a way to measure economic progress that is more harmonious with today’s social and
economic values about the world’s resources and what is important to the survival of the human species.
Background
The GDP index was adopted officially by the UN in the 1950’s to measure a nation’s economic performance. It
was defined by the British statistician Richard Stone as the market value of all goods and services produced by
an economy. Think of it as the dollar value of all the goods and services we produce in a given year, computed
according to their market prices.
The GDP index is a number that is required and reported by each nation each year. It is compiled by the official
United Nations system of National Accounts, and the attendant Bretton Woods institutions – the World Bank
and the IMF.
Each nation uses improvements in its GDP index, an increase in the dollar value of its economic output, to
measure percentages of “economic growth,” annually or quarterly. When we read that the US grew 2% in
2011 it means its GDP index grew by 2% in 2011.

Improvements in the GDP index is a widely used measure of economic success that is used all over around the
world to measure a nation’s progress.

The GDP Debate
Since the 1970’s GDP has been under fire because it measures economic progress in a way that many think is
unreasonable. In 1974 the Bariloche Model developed in San Carlos de Bariloche Argentina341 offered an
alternative way to measure economic progress – economic development based on the Satisfaction of Basic
Needs. Basic needs refers to the minimum consumption of food, shelter, health and education that allows
humans to effectively participate in society. This is a relevant concept in a world where about 20% of the
world population live at a level of consumption of basic needs that barely allows human survival. About 1.2
billion people live on about $1 per day, and barely have enough food, shelter, health care and education as
needed for survival. The concept of Basic Needs – which I created in 1972 – was voted by 150 nations at the
1992 UN Earth Summit in Rio de Janeiro as the cornerstone of Sustainable Development – and was enshrined
in the 1992 Norwegian Brundtland Commission report.342
The debate about GDP continues since then. Basic Needs offered an alternative way to measure economic
progress, by measuring the % of a nation’s population whose Basic Needs are satisfied. The Bariloche Model
showed that satisfying Basic Needs is typically more benign to environmental resources that maximizing GDP.
Other measures of economic progress have been advocated to highlight the negative impact of economic
progress on biodiversity and on other global environmental assets, such as a clean atmosphere and a safe
climate. Under current measures of GDP, the more economic progress a nation achieves the more it
undermines the atmospheric concentration of gases and the safety of the global climate.343 GDP does not
offer a value for biodiversity; for example chopping off all trees in the US and producing from their wood toilet
paper is unequivocal economic progress according to current GDP measures. This is because most trees have
no market value, while toilet paper does. To balance this, many advocate making voluntary ‘payments for
ecosystem services’, or PES, as a way to put a value on biodiversity. This is an idea that appeals to biologists,
who value biodiversity, but avoids economic realities. No voluntary measure is likely to replace the GDP index.
The literature on the PES topic includes a number of case studies that show how the lack of mandatory
conservation and of payments handicaps the implement of the good intentions embodied in the PES
experiment.
In 2009 a new global institution, the G-20, was created, the first global institution of leading nations that
includes developing nations, such as China, India and Brazil, within their official voting membership. The 2009

“Economic Development and Efficiency Criteria in the Satisfaction of Basic Needs” G. Chichilnisky Applied Mathematical
Modeling, 1974, “Development Patterns and the International Order” G. Chichilnisky 1975, Journal of International Affairs,
Catastrophe or New Society: A Latin American World Model A. Herrera, G. Chichilnisky et al., National Development Resource
Council, Ottawa, Canada, Press Universitaires de France, and translated into 13 other languages.
342
The 1992 Brundntland Report defines sustainable development as that which satisfies the basic needs of the present without
depriving the future from satisfying its basic needs.
343
This is because GDP measures industrialization that goes together with energy use – and 89% of all the energy used in the world is
produced by fossil fuels, which emit CO2 when burned.
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G-20 met for the first time in Philadelphia and their first official manifesto includes the goal of changing the
measure of economic progress to pursue Sustainable Development.344
In 2010 President Nicolas Sarkozy of France commissioned a group of prominent economists to find a way to
rewrite the concept of GDP so it would orient our economies in the right direction and avert further global
crisis. This group was led by Joseph Stiglitz and included Geoff Heal, both from Columbia University. The
conclusions were underwhelming – their report found the measure of economic progress that is defined by
GDP to be insufficient and requiring change – without however making any definitive practical proposal about
how to go about to resolve the problem. The issue persists.

New Markets and New Capitalism

The thesis of this book is that the lack of property rights on natural resources in developing nations that
emerged from colonialism was magnified by rapid globalization and enormous growth of international trade
after WWII, and led to a global tragedy of the commons - requiring the creation of institutions that regulate
global property rights on the use of the global commons and new types of markets to help implement them. A
typical example for this is the regulation of atmospheric emissions in the Kyoto Protocol, which is international
law since 2005, and the creation of a global carbon market to help implement the limits.
I will argue that the solution proposed in this book transforms the notion of GDP in the desired direction, it
redefines market value of goods and services – and it does so with the minimum of effort and requiring the
least institutional change.
In this book we showed that natural resources are over-extracted in the poor South and exported and overconsumed in the rich North. This overuse of resources caused the global environmental crisis we face today. It
also cased the ever yawning? increase in wealth differential between the poor exporting regions that make up
80% of the world population, and the rich nations around the world that make up 20% of the world economy
and consume most of the worlds’ resources.
344

Pittsburgh, USA, September 24 -- 25, 2009. G-20 Leader's Statement: http://www.pittsburghsummit.gov/mediacenter/129639.htm

Some relevant quotes from Leaders' Statement: "As we commit to implement a new, sustainable growth model, we should encourage work on
measurement methods so as to better take into account the social and environmental dimensions of economic development." "Modernizing the
international financial institutions and global development architecture is essential to our efforts to promote global financial stability, foster
sustainable development, and lift the lives of the poorest." "Increasing clean and renewable energy supplies, improving energy efficiency, and
promoting conservation are critical steps to protect our environment, promote sustainable growth and address the threat of climate change.
Accelerated adoption of economically sound clean and renewable energy technology and energy efficiency measures diversifies our energy supplies
and strengthens our energy security. We commit to: - Stimulate investment in clean energy, renewables, and energy efficiency and provide financial
and technical support for such projects in developing countries.- Take steps to facilitate the diffusion or transfer of clean energy technology including
by conducting joint research and building capacity. The reduction or elimination of barriers to trade and investment in this area are being discussed
and should be pursued on a voluntary basis and in appropriate fora." "Each of our countries will need, through its own national policies, to
strengthen the ability of our workers to adapt to changing market demands and to benefit from innovation and investments in new technologies, clean
energy, environment, health, and infrastructure. It is no longer sufficient to train workers to meet their specific current needs; we should ensure
access to training programs that support lifelong skills development and focus on future market needs. Developed countries should support
developing countries to build and strengthen their capacities in this area. These steps will help to assure that the gains from new inventions and lifting
existing impediments to growth are broadly shared." "We share the overarching goal to promote a broader prosperity for our people through
balanced growth within and across nations; through coherent economic, social, and environmental strategies; and through robust financial systems
and effective international collaboration." "We have a responsibility to secure our future through sustainable consumption, production and use of
resources that conserve our environment and address the challenge of climate change."

On the way - the solution I propose induces a new form of capitalism – a new form of global economic
organization that is already emerging in parts of the world - based on a new type of market that is exemplified
by the Carbon Market of the Kyoto Protocol. This works as follows: mandatory limits are placed on the use of
resources and the rights to use them are allocated to favor lower income people, and then traded in new
markets created for this purpose. A typical example is the Carbon Market – other environmental markets are
the SO2 market in the US Chicago Board of Trade.345

In other words, I advocate the creation of new forms of property rights on the use of the global commons such
as the atmosphere, the planet’s biodiversity, and its bodies of water. This requires establishing mandatory
limits on the use of global resources and allocating these rights in an appropriate way, which favors the lower
income groups. It then facilitates achieving these limits by allowing over-emitters to buy rights from under
emitters – always remaining within a global limit – thus creating markets that allow trading these rights in a
way that favors the lower income groups. It has been shown that such an allocation is needed for efficiency. 346

The new property rights that I advocate, and the attendant markets to be created, are very different from the
types of markets that exist up to now.

THIS CHAPTER IS SORT OF ECCENTRIC. SO MUCH OF WHAT YOU SAY AFTER YOU OUTLINE THE GLOBAL
ENVIRONMENTAL SITUATION IS REPEAT/SUMMATION OF WHAT HAS COME IN CHAPTERS BEFORE. YOU NEED
TO CONSIDER THIS. AS A READER (AND THIS IS MY THIRD TIME THROUGH, I BELIEVE THAT THE PROBLEM OF
REPETITION CAN BE DEALT WITH MOST EFFICIENTLY BY CUTTING THE SECTIONS ABOVE MARKED IN
PARENTHESIS. I THINK THAT THE REPETITION CONTAINED IN THIS BOXED MATERIAL IS EFFICIENT. IT ALLOWS
US A SUMMARY BEFORE YOU BRANCH OUT INTO NEW FORMS OF CAPITALISM ALLOWED BY YOUR IDEAS. BUT
I DO NOT WANT TO HAVE THESE NEW IDEAS IN THE BOOK BURIED UNDER THE WEIGHT OF REPETITIVE
MATERIAL.
Capitalism is based on markets. And capitalism based on the new type of markets is also quite different from
the capitalism we have known until now. (Too general: Markets and capitalism are both better in this new
embodiments.) For the first time in economic history there is a benign link between equity and efficiency
which appears in the new types of markets. The new capitalism that emerges from the new markets is not a
“dog eats dog” organization. It does not create a “zero sum game” since the most important goods that are
now traded – knowledge and environmental assets347 – and not rival in consumption – they are truly global
public goods as they can be shared without losing them.

SO2 is not a ‘global public good’ since it does not distribute uniformly in the planet’s atmosphere as CO2 does. Therefore the SO2
market in the CBOT - while being an environmental market – does not satisfy the new market conditions that lead to what we call here
a new form of capitalism.
346
See G. Chichilnisky, G. Heal and D. Starrett in Environmental Market: Equity and Efficiency, Columbia University Press, 2000.
347
Knowledge and environmental assets are arguably the most important assets in the 21 st century and they are both typically global
public goods. More precisely, they are what I have called “privately produced public goods” as they are privately produced, but are
345

What about the GDP?

How does all this resolve the GDP problem?
The practical roadmap suggested in the book is the fastest and easiest way to reform the GDP with a minimum
of disruption of the economic institutions – such as markets -- which determine value today. How does this
work?
It works in practice exactly as suggested in this book.
The Kyoto Protocol Carbon Market that I designed and wrote into the Protocol in 1997 starts from putting
limits on the emissions of CO2, as the book explained, and it allows trading so that over-emitters can buy
rights to emit from under-emitters (while the total of emissions over the world remains unchanged.) SO
BASICALLY THIS PART OF THE FORMULATION WORKS TO REDRESS THE DEVELOPING NATIONS BUT DOES NOT
REDUCE EMISSIONS. THIS IS A POINT THAT I THINK NEEDS TO BE MADE CLEARER EARLIER, PARTICULARLY IN
INTRODUCITON AS THE QUESTION OF HOW IT REDUCES EMISSIONS (IF DEVELOPED NATIONS CAN BY RIGHTS
THEY NEED) HAS DOGGED ME THROUGH THIS BOOK. This process allows supply and demand to work their
magic and a market price emerges for carbon emissions. Indeed, a negative price is associated to emissions of
CO2. The larger is the demand – the more over-emitters – the higher is the price. If there is no over-emitting,
the total market price for a country’s consumption is low and if this continues eventually the market has
performed its role and is no longer needed.
The carbon market changes the GDP of a nation.
Everything else being equal, a nation that emits more carbon has now a lower GDP, since it has to pay for its
over-emissions - and a nation that emits less carbon has a higher GDP since it is being paid for reducing
emissions. The new Carbon Market therefore accomplishes the change in GDP that was desired and advocated
by the G 20, at least with respect to a sustainable change in the use of energy in the world. Similar markets
are needed for protecting the world’s seas, and biodiversity. Voted by 165 nations in
The Kyoto Protocol Carbon Market became international law in 2005. It is now trading $200 Bn/year.348 It is
traded within 4 continents now, EU Asia Australia and the Americas. The latest mandatory carbon market is in
California USA, it started in 2012. The Carbon Market has put a value – namely a dollar cost - to carbon
emissions. It varies around $20 – 30 per ton of CO2 emitted. This dollar cost changes the GDP of a nation,
which is the sum of the market value of all goods and services. A new value enters the equation. If a nation
over-emits it has to pay to others that under-emit according to the allocations of right memorialized in
Appendix A of the Kyoto Protocol.

public goods at the level of consumption because they are available to all in the same quantity without “rivalry” in consumption
(Chichilnisky 1995, 1997,8).
348
The World Bank: “Facts and Trends of the Carbon Market”, Annual Report 2005 – 2011

HAVEN’T YOU MADE THIS ALL CLEAR ABOVE? FEELS REPETITIVE. IS THIS NECESSARY? Why does this work to
change the GDP as desired?

Because GDP – as defined above – is the market value of all goods and services produced by an economy. One
has to create a new market value to be able to change this index. And to create a new market value one needs
to create a new market. The Carbon Market, or the equivalent for water, biodiversity, forests, and knowledge,
all are public goods namely not rival in consumption, and none had markets and market values until now. The
GDP can be thus made to measure what we value and as it changes, and as the markets change – so does
capitalism in the 21st century.)
___________________________________________________

To see how the carbon market works, we must first examine its basic structure, its current status and
achievements, and its future going beyond the current stage of the Kyoto Protocol which now ends in 2015
following the December 2011 decision of Durban Platform for Enhanced Action, and is expected to lead to a
global policy on emissions by 2020..

(THIS ALL FEELS REPETITIVE: Let’s, as they say, lift the hood and take a closer look at how the Kyoto
model works in practice. In the Kyoto Protocol each nation is assigned a cap on its emissions. On any given
year, a nation that is emitting above its cap can buy the right to emit from one that is below its cap, so the bad
guys compensate the good guys. There are no tax authorities as intermediaries, and the world remains within the
total emission limits. The key economic incentive to transition away from fossil fuels is the so-called “price
signal” for carbon. These are the costs on emitting carbon. They are determined by supply and demand in the
newly created carbon market. )
How does the carbon market operate? First and foremost, to start trading one needs to have a clear
agreement on the number of tons of carbon dioxide that each trading nation has the right to emit. These are the
nations’ “property rights to emit,” so called because they establish who has the right to emit, and how much. It
is these rights that are traded in the carbon market.
Why do we need property rights before we can trade? This is because the carbon market trades the
nations’ “rights to emit.” Think of it this way—let’s say you want to buy a home. The seller must clearly

demonstrate that he or she owns the home, showing “title” to it before selling it. Otherwise, no trade can take
place. The same is true in the carbon market. Each seller must be able to demonstrate that it has “title” to the
carbon emissions rights it sells. This implies that every nation has to have a well-determined limit on its rights
to emit—otherwise, it could sell infinite amounts of the right to emit and no market would exist. HOW DO WE
KNOW THAT MORE POWERFUL NATIONS WILL NOT UNFAIRLY DEVALUE RIGHTS OF
DEVELOPING NATIONS AND UNFAIRLY INCREASE THEIR OWN RIGHTS TO EMIT? HOW IS THIS
CONTROLLED?
The analogy with the housing market ends there because the carbon market is a purely financial market,
in which no goods exchange hands. Only money exchanges hands in exchange for the property rights on using
the planet’s atmosphere to emit carbon dioxide. In that sense, the carbon market is more similar to a stock
exchange that sells titles such as shares of stock, than to the housing market in which sales of physical goods,
homes, are sold.
To create the carbon market, therefore, the Kyoto Protocol started by reaching an agreement on the
rights of the traders.349 This feature by itself made the market approach more attractive than carbon taxes,
because taxes do not ensure caps on emissions, while carbon markets do.350 As an example, consider a tax on
income. Such a tax does not ensure a reduction in income. Indeed, after imposing an income tax, some people
may increase their economic activity in order to reach financial goals they have set for themselves: the quantity
that is taxed is not fixed by the taxes. The same is true with carbon taxes: the hope is that they will discourage
emissions—by “penalizing” emissions—but they emphatically do not ensure that carbon emissions would
decrease in the world, or by how much. Markets do, because they require “caps” on world emissions before
“trading”.351 SO, IS CARBON MARKET, IN A WAY, A SHORT-TERM BRIDGE BECAUSE IT ALLOWS
THE DEVELOPED NATIONS, WORKING WITHIN THEIR CAPS, TO GRADUALLY REDUCE THE
EMISSIONS THEY HAVE TO PAY FOR? (HOW IS THIS POSSIBLE? THOUGHT CAPS WERE
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This was provided for the first time by the United Nations Kyoto Protocol in 1997, See Chichilnisky and Heal Environmental Markets:
Equity and Efficiency, 2000 op.cit.
350
See Chichilnisky and Heal, OECD, Economic Division Report No 153, 1995, “Markets for Tradeable Carbon Emissions Quotas: Theory
and Practice”, Paris 1996.
351
344. This led to the well known expression “cap and trade” to describe such markets, for example the SO2 market in the Chicago Board of
Trade

MANDATORY. IF THEY CAN TRADE ABOVE CAPS, WHAT GOOD IS IT?) Of course it is possible for
each nation to trade beyond its own “cap.” DO NOT GET THIS: But a nation who over-emits must buy rights
to emit from another nation who under-emits by the same amount, which ensures that we remain below the cap
on world emissions. I JUST DON’T GET THIS. I WOULD THINK THIS WOULD JUST TAKE US TO THE
CURRENT AMOUNT OF EMISSIONS. This, in essence, is how the carbon market works.
The control of emissions is a convincing reason to use markets today. Markets are also simpler. There is
no tax authority to collect or distribute the proceeds of the taxes. In a market those who over-emit pay directly
those who under emit without tax authorities appear as intermediaries. These were two main reasons for my
proposal of a carbon market for the Kyoto Protocol, rather than carbon taxes.352 There is yet a third important
reason that drove me to propose a market approach—and perhaps reasonable enough. It is a somewhat
surprising feature of the carbon market that works in favor of equity between nations.? WHAT EXACTLY DO
YOU MEAN BY EQUITY HERE? I AM GETTING CONFUSED BY MATERIAL BELOW: The carbon
market has unique characteristics that distinguish it from other ‘cap and trade’ approaches in that it requires
preferential treatment for poor nations to ensure market efficiency. I do not mean equity—I mean efficiency.
What is unique about these markets is that efficiency requires that poor nations be given more rights to emit
than richer ones.353 IS THIS POSSIBLE AND FAIR BECAUSE THE DEVELOPING NATONS SUFFER
MORE FROM THE EMISSIONS THAN THE DEVELOPED NATIONS? AT LEAST ACCORDING TO
THE EMISSIONS THEY PRODUCE? IS THAT ARGUMENT FOR THAT? This is because carbon dioxide in
the planet’s atmosphere is a very unusual good (or bad) with very unusual characteristics. It is a global public
good because CO2 is the same everywhere in the world.
The negotiators of the Kyoto Protocol agreed with this principle, which is part of the 1992 UN Climate
Convention, Article IV, which assigns developing nations more rights to emit than richer nations do. Literally,
this article assures that developing nations will not be required to reduce emissions unless they are compensated
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Markets for Trading Carbon Emissions Rights: Theory and Practice 1996, op. cit.
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This has led to many debates in academic and policy circles the years before the Kyoto Protocol was finally signed. Many
scientific articles were published on this issue since my original piece where this unusual property was discovered in 1994. See
Chichilnisky and Heal, 1994 “Who Should Abate Carbon Emissions: an International Perspective” Economic Letters, 1994, the articles in

for this. BUT, FORGIVE ME, IS STILL SEE THIS AS MORE ABOUT REDRESSING THE
UNDERDEVELOPED NATIONS THAN ABOUT REDUCING EMISSIONS.
THIS IS WHERE YOU ARE LOSING ME. The reason for this unusual characteristic is that the
“commodity” that carbon markets trade is, in reality, different from any other commodity ever traded. It is a
global public good,354 the right to use the atmosphere of the planet—the global commons—to emit carbon
dioxide. Because carbon dioxide distributes so uniformly and stably around the planet, the concentration of
carbon is the same for everyone around the world. This uniformity is unusual and is one way of characterizing a
global public good.355 To control global warming we all need to agree on one number for the entire globe, the
global total on emissions. To elicit cooperation from the developing nations in agreeing to a final amount, since
they have different trade-offs and priorities, some of which are urgent, such as feeding their people, they must
be given proportionally more rights to use energy. (SO THEY ARE GIVEN AMOUNT OF RIGHTS THAT
ALLOW THEM BOTH TO SELL EMISSIONS AND ALSO TO DEVELOP? THIS IS EFFICIENT
BECAUSE THE DEVELOPED NATIONS USE SO MUCH MORE? As a result there is here an important
“link” between the poor nations’ rights to emit and the efficiency with which we choose the total world
emissions. (THE ARGUMENT AROUND THIS HAS TO BE MUCH CLEARER. Poor nations must have
more emissions rights than rich ones.)
Think of it this way. In a standard market, people trade up to the point when they are indifferent between
the utility that they derive from every good. If they would be happier having one more banana and one less
apple, then they would sell one of their apples and purchase bananas. The market allows this to happen—to
choose freely what they prefer—and this is why the market solution is desirable: it is best for all.
But matters are very different when we trade a public good, like the quality of the atmosphere, which is
one and the same for everyone in the planet. China cannot choose an atmosphere with more carbon while the
US chooses another atmosphere with lower carbon. This is physically impossible because the entire world faces

Chichilnisky and Heal Environmental Markets, Equity and Efficiency, Columbia University press, 2000, as well as the recent piece by Kristan
Sheeran in Journal of Environmental and Resource Economics, 2006: “Who Should Abate Carbon Emissions: A Note”.
354
K. Arrow in “----“ makes the point that we are dealing “with a global public good par excellence”, however he does not draw the
implications on the carbon market itself.

the same carbon concentration. Choosing the carbon concentration is therefore a cooperative activity, since we
cannot choose separately from each other. And rich nations have to convince poor nations to choose a lower
carbon concentration for the planet as a whole than they may naturally prefer by themselves, since they are
faced with urgent priorities created by poverty and deprivation. Developing nations find it very difficult to burn
less coal than they would need to burn in order to provide for food and essential goods for their people. The
only way this can be accomplished is by offering poor nations other ways to obtain income and food. AND TO
DEVELOP CLEANER ENERGY WHICH THEY CANNOT NOW AFFORD? This can be achieved in the
negotiations of the nations’ rights to emit. With more rights to emit developing nations could sell their rights, or
be compensated for reducing them as Article 4 provides (IS THIS CDM?), and use the income to achieve more
consumption at home. Under these preferential conditions, industrial and developing nations can agree, and this
is precisely what was achieved in the Kyoto Protocol, which gave poor nations more rights to use the planet’s
atmosphere than to rich ones. WHY DID RICH AGREE? FOR SAKE OF PLANET? Economic theory says it
is the way it should be.356
The Kyoto Protocol has already shown a lot of promise, even though it still requires improvement. In its
first year of existence as international law, in 2006, it had a transformational effect on technology and the
economy. According to the World Bank, it reduced 30% of the EU emissions and at the same time produced a
significant wealth transfer towards poor nations of about $9 billion.357 But its second year, 2007, the transfer
figure from rich to poor nations increased to $15 billion. By 2011 the CDM transfer is estimated by the World
Bank Annual Report at $50Bn. (I THINK THIS EXPLANATION OF WHY THEY GET TO EMIT MORE IS
FAIR NEEDS TO SOMEHOW BE PART OF EARLIER DISCUSSION. This transfer is desirable and fair,
since as we already saw the developing nations have emitted small amounts of carbon historically and
currently—they use little energy—while they bear a disproportionate burden of the risks of climate change.)
Even though the developing nations have no emission caps in the Kyoto Protocol, and therefore cannot
trade in the carbon market, YOU MEAN THEY CANNOT BUY? they can still participate and benefit from the
Classic public goods are those whose supply is the same for everyone involved – for example the armed forces, law and order, bridges,
school systems. Markets that trade the rights to use public goods are different from standard markets for “private goods” such as fruit, machines, and
houses. In standard markets, traders decide how much to consume of different goods and they do so independently from other traders.
356
Chichilnisky and Heal “Who Should Abate: An International Perspective” Economic Letters, op.cit.
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carbon market due to a provision called the Clean Development Mechanism or CDM, which encourages
investment in clean technologies on the soil of developing nations, allowing developing nations to benefit
indirectly from carbon trading. BUT DON’T THEY ALREADY BENEFIT ECONOMICALLY? The Clean
Development Mechanism works as follows. When an industrial nation’s investor invests in a project that takes
place within a developing nation, and the project can be certified to decreases carbon emissions, a “carbon
credit” is provided to the investor. This carbon credit can then be traded in the carbon market for cash. For
example, a project that is proven to reduce carbon emission by 1,000,000 tons will obtain a “carbon credit”
which can be traded at the carbon market for $30 per ton, which is the current market price for carbon,
increasing the project’s profitability by $30 million. In this way, the Kyoto Protocol’s CDM produces strong
incentives for the development of clean technologies in developing nations, and encourages investors in
industrial nations to finance such projects. BUT HOW DOES ANY OF THIS DECREASE EMISSIONS IN
THE DEVELOPED NATIONS, THE REAL OFFENDERS? IS THIS ALL ABOUT THE SHORT-TERM
GOAL OF REDUCING CURRENT LEVELS OF DANGEROUS EMISSIONS GROWTH IN LATIN
AMERICA AND AFRICA?
The CDM changes the profit equation in favor of clean technologies. For example, if there are two
projects that are identical in every possible way except for the technology that each uses: one emits 10 million
tons of carbon; the other emits none. Then the project using a clean technology—the one that does not produce
carbon emissions—becomes $30 million more profitable through the CDM than the other project. During 2006,
about $8 billion in such projects were carried out in developing nations, and in 2007 the figure was $15 billion.
About 60% of the CDM projects were in China,358 an issue that is discussed below. In addition to
providing economic incentives for clean technologies, the carbon market has been quite active and shows real
promise in reducing carbon emissions—indeed about 30% of the annual emissions of the OECD.359 At present
the main buyers in the carbon market are:
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See World Bank Annual reports: State and Trends of the Carbon Market 2007 and 2008, op.cit.
World Bank Report, 2006 op.cit.
A similar market was established in 1993 in the US for sulphur dioxide (SO 2) emissions that produce acid rain, the CBOT SO2 market,

http://www.cbot.com/cbot/pub/page/0,3181,942,00.html#1992

It is widely known that this SO2 has been successful in
controlling the SO2 emissions within the US that originate from utilities. The SO2 market it does not have the same characteristics of the carbon

1.
2.
3.
4.

European private buyers interested in EU Emission Trading System (ETS).
Government buyers interested in Kyoto compliance
Japanese companies with voluntary commitments under the Keidanren Voluntary Action Plan
US Multinationals operating in Japan and Europe and preparing in advance for the regional Greenhouse Gas
Initiative (RGGI) in the Northeast US States or the California Assembly Bill 32 establishing a state wide
cap on emissions
5. Power retailers and large consumers regulated by the new South Wales (NSW) market in Australia
6. North American companies with voluntary but legally binding compliance objectives in the Chicago
Climate Exchange (CCX)360
BUT PRIVATE BUYERS ARE LIMITED BY THE OVERALL FIGURE THEIR NATIONS CAN
BUY? WHAT PRIVATE BUYERS CAN BUY IS DEDUCED FROM THE NATION’S OVERALL LIMIT? It
is clear how poor nations benefit from the creation of the Kyoto Protocol today. Not only have they benefited by
selling their emissions rights?, they are in a cleaner world with reduced global emissions. The Kyoto Protocol
does not limit their emissions. Additionally, due to the Protocol’s Clean Development Mechanism, the
developing nations have already received investment from industrial nations, approximately US$80-90 billion
for clean technologies projects from 2002 to 2008. 361 This is the first time in many years that the international
community sees a transfer of this size from the rich to the poor nations, a transfer that is based not on charity or
aid but rather on a productive and environmentally sound investment that is mutually beneficial to both
industrial and developing nations.
And how do industrial nations benefit from the Kyoto Protocol? We provided earlier an example, the
Yasuni Initiative of Ecuador. (REPEAT. HOW DOES THIS EXPLAIN HOW ALREADY INDUSTRIALIZED
NATIONS BENEFIT?) Furthermore, industrial nations’ investors benefit from the CDM provisions, because
they are compensated with carbon credits if their investments reduce carbon emissions. The carbon credits can
be cashed at $30 per ton of carbon, so this increases the profitability of their businesses and projects. BUT
THEY STILL EMIT THE SAME AMOUNT? UNLESS PRICE IS SOMEHOW PROHIBITIVE WHICH YOU
DON’T MAKE ME FEEL IT WOULD BE. Additionally by introducing clean technologies in developing

market in that it treats all traders equally, and the gas does not distribute uniformly and stably across the planet’s atmosphere as CO2 does. All
signals indicate that soon the US may adopt a ‘cap and trade approach’ for carbon emissions within the US territory as several proposals have been
advanced to date, although it currently does not abide by the Kyoto Protocol rules that it signed in 1997. Within the global climate negotiations, the
Protocol itself is in a period of flux, since its governmental obligations to restrict emissions expire in 2012, and new follow - up rules are being
negotiated at present.
360
In 2006 European buyers dominated the primary CDM and JI markets with 86% of market share (vs. 50% in 2005) and Japanese purchases
were only 7% of the primary market. The UK led the market with about 50% of project - based volumes, followed by Italy with 10%. Private sector

nations, industrial nations protect themselves from the future global emissions from developing nations’ fossil
fuel use. It seems clear that the CDM creates a powerful win-win situation. FOR THE SHORT-TERM, YES?
There is yet another way for the industrial nations to benefit directly from the Kyoto Protocol. The
Figures 6.1 to 6.3 below show that by trading in the carbon market, two industrial nations can achieve higher
levels of welfare.
This happens even while they now face emissions limits that they did not face before.362(DO NOT GET
THIS: Furthermore, since what is traded is a public good and they produce externalities to each other, the main
feature that matters now for gains from trade is that the newly defined property rights—the new emission
caps—and the trading of these rights help correct a market failure. YOU MEAN IT CAN PROTECT THEM
FROM NO RESOURCES BEING AVAILABLE? Therefore, the invisible hand of the market can help the two
nations to reach more efficient allocations of resources and therefore improve global welfare.)
I GET HOW DEVELOPED NATIONS BENEFIT FROM CDMS. I DON’T GET HOW THEY
BENEFIT FROM EMISSIONS CAPS AND BUYING RIGHTS BEYOND THE REDUCTION IN WORLD
EMISSIONS AND I DON’T GET HOW THEY ARE STIMULATED TO EMIT LESS. I FIND THE
FOLLOWING DISCUSSION VERY, VERY HARD TO FOLLOW. Figure 6.3 illustrates a world economy
that has two nations. In each, the vertical axis measures the amount of energy used: the lower one moves on the
y-axis. The more energy used, the more private goods X are produced. At the same time, the more energy is
used the more carbon is emitted, and therefore the lower is the atmospheric quality A. In the diagram, energy
use E is the opposite of atmospheric quality, or E = - A, so that both are represented by the vertical axis, one is
measured going up and the other going down.

buyers, predominantly banks and carbon funds, continued to buy large numbers of CDM assets, while public sector buyers continued to dominate JI
purchases.
361
World Bank, State and Trends of the Carbon Market, 2010, p 42.

The benefits from trade that are explained below may be reminiscent to the reader of David Ricardo’s gains from trade. But
they are nothing of the sort. There is no specialization in the two nations that trade with each other, there are no comparative
advantages in either of these nations.
362

Figure 6.1—Transforming energy into goods

Figure 6.3—
Gains from trade in the carbon market

In figure 6.3 we introduce a carbon market. Each nation now has a cap on its emissions; in this
illustration both have the same cap represented by the dashed horizontal line in Figure 6.3. The world as a
whole emits twice as much as each nation, because the world emissions are the sum of the two nations’
emissions. The total emission level is indicated by the height of the heavy round dotted line.
Observe that due to the caps, the world’s carbon emissions have been reduced from Figure 6.3 to Figure
6.4. Each nation faces less world emissions. The old emissions level is indicated by the height of the lighter
dotted line, which is lower than the line with the heavy dots, so that now both nations face better atmospheric
quality. This is of course the purpose of the Kyoto Protocol: to lower world emissions.
Following the introduction of the carbon market, by optimizing welfare, each nation still operates at the
tangency point between the technology curve and the nation’s preferences. However Nation 1 emits now below
its ‘cap’. Therefore it can sell ‘carbon credits’ to Nation 2 who has to buy them, since Nation 2 emits above its

‘cap’. Yet, at the end, both nations end up better off in terms of welfare. They are better off now that they face
caps and a carbon market than they were before, with no caps and no carbon market.
After trading in the carbon market, both nations consume at the points indicated with the respective
stars. Observe that at those points each nation reaches a higher welfare level than it did before the caps and the
carbon market was introduced. This is because, according to their own preferences, the combination of goods X
and environmental quality A is now better for each trader than it was before.
In sum: the introduction of the carbon market improves the environment, A, by reducing total emissions.
Additionally, through the trading of carbon credits both nations are now better off than they were before
trading, and even better off than they were before they had emissions limits. I NEED THIS EXLAINED
BETTER: This is because the market corrects the negative externalities that are caused by the emissions
of one nation on the other. These are now internalized and the market failure is corrected. Now the market’s
“invisible hand” can ensure efficient allocation of resources. Both nations are better off after the carbon market
is introduced, and the environment is improved as well.
The diagrams also show how the carbon market creates incentives for cleaner technologies around the
world, in both nations. How does this work? The short heavy black horizontal segments in Figure 6.3 indicate
the “penalty” that Nation 2 has to pay to the good guy, Nation 1. This is the dollar value of the international
trade in “carbon credits” between the two nations. This penalty creates an incentive for Nation 2 to reduce
emissions, since by reducing emissions it can avoid buying credits, and decrease the penalty. BUT ISN’T
WHAT THEY HAVE TO PAY SORT OF NEGLIBLE, GIVEN THEIR HUGE NEED FOR THE
EMISSIONS RIGHTS?

How is the carbon price determined in the carbon market? The carbon price is the slanted line in Figure
6.3. It adjusts to equate the supply and demand of goods and carbon credits. The price is therefore determined
by two ‘fundamentals’: (1) the technology curve that transforms energy into goods and (2) the emission “caps”
that are imposed by agreement in the Kyoto Protocol. The lower the emission caps, the more demanding is the
obligation to abate, and the higher is the price of carbon. This is how the market operates and was explicitly

indicated by the EU Commission in 2006, when it discovered that carbon prices were dropping because the caps
on carbon emissions were set too low and promised to adjust these caps correspondingly.363 By lowering
emission caps the EU increased the demand of permits and increased the price of carbon in 2006.364
The other fundamental determinant of prices is the technology as depicted by the curved ‘transformation
frontier’ in Figure 6.3. To recap: The technology that transforms energy into goods plays a key role in the price
of carbon since it must match at the end the price for reducing emissions, the carbon credit price. So do the
emission ‘caps’ that are determined by international agreement.365
The price of carbon creates incentives for cleaner technologies. Indeed, this is how the Kyoto Protocol
works: it provides incentives for the use of technologies that emit less carbon over and above than those who
emit more. There is an interplay between carbon markets and technology. Technology has an impact on carbon
market prices and reciprocally carbon prices have an impact on technology.
PAGES 496 to 506 ARE GOING TO BE VERY HARD FOR THE GENERAL READER TO TAKE
IN. AND IT IS ESSENTIAL THAT THEY FOLLOW IT.

Chapter VII
Climate Change: addressing short and long-term challenges

Alternative energy sources have a long way to go before they can replace fossils. In reality, we are
emitting more carbon than ever.366 This is partly because fossil fuels are currently much less costly per unit of
energy used than alternative sources.

World Bank Reports “State and Trends of the Carbon Market” 2007 and 2008, op.cit.
World Bank Report State and Trends of the Carbon Market 2007 and 2008, op.cit.
365
In competitive markets the price that equates supply and demand for goods equals the technological transformation of energy into goods.
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Anna Barnett has created an interesting graph showing the goals for emissions reductions expressed in a range of settings, as well
as actual global emissions. The graph shows clearly the gap between rhetoric and reality.
References http://sciencepolicy.colorado.edu/prometheus/wp-content/uploads/2008/09/barnett.jpg
363
364

Figure 7.1—
IEA Key World Energy Statistics 2011

Figure
7.2—Anna Barnet. “Graphing Climate Policy Progress.” Climate Feedback. September 2008.
In looking toward the future, we need a methodology that can predict future costs from alternative
sources of energy as the world’s utilization of such sources expands considerably beyond today’s levels. Most

experts predict that, by the end of the century, our energy use will increase tenfold: we need to be able to find
and quantify the benefits of new sources to fulfill our needs.367
A widely accepted way to predict the future is by using ‘learning curves’. These are standard predictors
of the improvement in a technology as production expands368 An illustration is provided by the US Department
of Energy ‘learning curves’ for solar energy.369 They show how efficiency increases at higher capacity or,
equivalently, how the cost of solar decreases. Using this approach, we can estimate the long run costs of a
transition away from fossil fuels and into renewable energy sources such as solar power.
Since we focus on the long run, we look at those alternative sources that can provide five to ten times
the energy used in the world today based on projections for future demand.370 It turns out that neither wind,
geothermal, biomass, hydroelectric or nuclear energy can meet this demand—either because they lack the
capacity or because doing so would create additional problems. For example, using biomass for energy
competes with food production, and is much less efficient per square meter than solar, about 3% of the energy
potential provided by solar for the same land area. It is currently the source of steep increases in the price of
food that are affecting poor people around the world and the EU recently banned it for these reasons. 371
Hydroelectric lacks the capacity and often has detrimental environmental consequences. Nuclear fuel is in
limited supplies; on top of that we still do not know how to safely store nuclear waste and nuclear energy
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technology is associated with security risks. Geothermal sources are also limited. But solar could meet the
demand with limited environmental impact. A combination of all of these energy sources that includes solar
could therefore offer a reasonable long run solution. There even may be other energy efficient methods laying
dormant in a lab somewhere, awaiting circumstances that will permit commercialization.
A simple way of looking at the problem is that the lower cost alternatives will always prevail in a
competitive economy. In view of this, the costs involved in the transition to renewable energy are
circumscribed/bounded by the cost of transitioning to a single source, such as solar thermal, which can offer a
complete solution by itself. In order to offer a conservative estimate, therefore, we consider the costs involved
in transitioning to a solar thermal source of electricity production for the long run and compare its costs with the
most cost-efficient fossil fuel used today, namely coal. That is, we provide an estimate of the long run costs by
computing the costs of shifting away from coal-produced electricity and into solar-produced electricity.
It is appropriate to reduce the computation to a standard form of energy such as electricity, because this
is used the world over and offers a universal and flexible measure of energy availability. In the case of fossil
fuels we consider the costs of using coal to produce a kWh of electricity. To estimate the evolution of costs,
from coal-produced to solar-produced electricity; we utilize the learning curve approach explained above. It
turns out that the learning curve for coal is already pretty flat, since most of the learning has already been
achieved by the enormous built capacity in this industry. Coal currently produces 30% of the world’s primary
energy needs and produces 42% of the world’s electricity.372 For solar, the case is quite different. Only 0.01%
of the world’s power is generated from solar energy generally, and in particular one technology called
Concentrated Solar Power Parabolic Trough or CSP PT that is being evaluated has an order of magnitude less
installed capacity373 Correspondingly, the learning curve for CSP PT is quite steep. This means that as capacity
expands, the costs for solar-produced electricity are expected to drop rapidly while those for coal will remain at
about the same level as today since they have already benefited from learning. This has of course very
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interesting commercial implications. Figure 7.3 below illustrates the evolution of CSP PT efficiency in
producing electricity when capacity expands.374

Figure 7.3—Learning curves for coal and solar produced electricity & and expected long run cost
of transition to renewables
Specifically, the DOE showed that, as installed capacity of CSP PT solar plants increases, the cost of solar goes
down by 15% per each doubling of capacity.375 This is illustrated in Figure 7.3, where we compare the learning
curves of coal and solar thermal. In the case of coal, the costs are very low today (about 4.5 cents per kWh) but
as I stated, technological advances in coal-related energy production have flattened with costs expected to
remain constant. In the case of solar energy, however, the costs are more than twice as high today as coal, but in
the long run they are expected to be $0.02 to $0.03, which is roughly half the cost of coal per kWh.376 This
provides a strong rationale for considering alternative energy sources to compete with fossil fuel electricity
production.
Given that the lower cost alternatives generally prevail in the long run, we can assume that once the cost
of solar energy equals or becomes lower than that of coal, namely lower than 4.5 cents the kWh, solar
production of electricity or other similarly priced alternative sources will be widely adopted, thus providing a
market-driven transition to renewable sources. Therefore the long run cost of the transition from fossil to
renewables can be measured by the total additional cost of using solar to produce electricity, in our example, but

Both for Solar Photovoltaic and for CSPPT namely ‘Concentrated Solar Power Parabolic Through’, as predicted by the US Department of
Energy website.
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only during the period when these costs are higher than the cost of producing electricity using coal. In other
words, in the long run, one measures the total costs of the transition away from fossils to renewable energy, as
the difference between what solar costs and what coal costs as tabulated over the relevant period that matters.
To sum up, in order to compute transition costs in the long run, the relevant period is while solar energy’s costs
of electricity production exceed the costs of coal.
It is important to remember that the ‘relevant period’ is defined not in time but rather in built capacity.
The learning curves we used show the evolution of costs (solar, coal) with capacity, and not with time.
However both can be related, since there is a limit to the amount of capacity that can be built in each period of
time.
One can visualize the problem by measuring the cost of the long run transition from fossil into
renewable energy as the area of the shaded triangle in Figure 7.3. This triangle is bounded below by the kWh
price of coal today (4.5 cents) and bounded above by the decreasing cost of kWh that is expected from DOE
learning curves, for electricity produced from solar as capacity increases. In taking into consideration the DOE
learning curves, both for coal and solar as new solar plants are built this area is about US $148 million.377 This
is the expected long-run cost of transitioning from fossil fuels to solar.378 DOESN’T THIS SEEM LIKE AN
INCREDIBLY SMALL AMOUNT?
The long-run transition cost just provided is, in the scheme of things, rather small, and therefore sets
one’s mind at rest about resolving the long run problem.379 At the same time, however, this raises an important
question: If the long run transition to alternative sources of energy can be achieved so economically, why not
use the same method in the short run? The simple answer is that the solution just proposed does not work for the
short run. BECAUSE IT DEPENDS ON LONG-TERM ECONOMIES OF SCALE? Specifically, we made
assumptions that do not hold in the short run. For example, we assumed that as solar becomes more efficient
than coal eventually all power plants are built to take advantage of this efficiency. But this seemingly innocent
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assumption disregards the costs involved in replacing existing fossil fuel plants. This is appropriate for the long
run because fixed costs are mostly absorbed in the long run by the variable costs of selling electricity per kWh,
and this is standard practice. In fact, 90% of the 4.5 cent per kWh reported above for solar-produced electricity
represents amortization of fixed costs.380 However if implemented in the short run one must consider the fixed
costs of replacing the current infrastructure and, as the International Energy Agency shows, 381 these can be
enormous, roughly about $43 trillion for current energy usage. To accommodate the number of 400MW CSP
PT (Concentrated Solar Power Parabolic Trough) plants that would be needed to meet the long term increase in
energy use for the rest of this century, expected to be a five to tenfold growth in energy use, the infrastructure
cost would be between $215 and $430 trillion.382 This represents the capacity needed to provide the five to
tenfold long run increase in energy demand and is clearly not realistic for a short-term transition. These costs
are larger than the economic product of the entire planet.383
There are other ways of illustrating the difference between the long and the short term. The costs
reported involve replacing electricity generated by coal with electricity generated by solar energy. But in the
short run electricity power cannot be used today in certain sectors that run on fossil fuels, for example
‘transportation’, which represents about 28% of total energy use. Transportation is one of the fastest growing
uses of energy in the world today, and the electricity produced by solar thermal could not replace fossil fuels
such as petroleum in the short term within the transportation sector. Therefore the methodology used above
would only deal with about 70% of the carbon emitted today, although it is realistic to assume that in the long
run it could deal with them all.384 For these reasons, and others, the long run problem has a long run solution
that seems economical and reasonably easy to achieve, but makes little sense in the immediate future.
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(CUT? REPETITIVE? The assumptions we made are specifically designed for the long run. For
example, we assumed that the lowest cost technology will prevail in a competitive market, which is a long term
assumption. We used learning curves as if ‘learning by doing’ was diffused uniformly across the world,
something that can only happen in the long term.)
In the short term, things are likely to be more uneven and disorderly. There will be trial and error, and a
fierce competition among various sources of energy, both fossil fuels and renewable sources, with many startup efforts emerging, failing and disappearing along the way. No matter how reliable the DOE learning curves, it
does not seem possible to compute the actual costs of averting risks as if the economy would automatically
follow the most efficient path in the short run. Nor is it realistic to think that the world is uniform in terms of
resources or organizational capability. This technology, like others, will diffuse through the various nations of
the world at different rates with some being called early adopters and others waiting until successful experience
has occurred.385
For the short term, and therefore for the next 10 to 15 years, the solution must be different and the risk
management costs must be estimated in a different way. The rationale behind our approach is that for the short
term we can provide a realistic lower bound for managing the risk of global warming by invoking one possible
solution and ways to implement it.
In a different context, and within a newly created company – Global Thermostat LLC
www.globalthermostat.com -- with an original technology now patented in 147 nations , we introduced a coproduction method that uses a process that is practical and well matched to the dual problem at hand, namely
increasing renewable energy supplies for the long run while at the same time directly reducing carbon in the
atmosphere and thus the risk of global warming. IN THE SHORT-RUN? IS THIS APPLICABLE TO SHORTRUN? The approach we suggest is to capture carbon from air using for this purpose the low heat that is left over
after a solar thermal plant has finished producing electricity.386 The policy suggested is to build solar thermal
plants and use them to simultaneously produce electricity and capture carbon from air.
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What is proposed here is an improvement upon a well-known technique to capture and store carbon
(CCS) that has been used by the oil industry successfully for the last 20 years.387 This can “scrub” carbon
emissions from the flue of a power plant and is behind the so called “clean coal” proposals.388 But clean coal
cannot really make a dent on the short run problem, because it merely stabilizes world emissions by building
carbon neutral power plants. That does not suffice, since stabilizing emissions means a continuous increase of
carbon concentration in the atmosphere. 389

Ideally we need to stabilize the carbon concentration in the atmosphere or even reduce it. What we
propose is a form of “negative carbon” that improves upon CCS in two ways. First, by capturing carbon directly
from air we can remove more carbon than what is emitted by the power plant, actually reducing the
atmosphere’s content of CO2. This effect is called “negative carbon.” DO I HAVE THIS RIGHT? IS THIS
USED WITH SOLAR PLANT AND INTENDED TO REDUCE SHORT-TERM COST TILL ECONOMIES
OF SCALE KICK IN? Second, we can lower costs significantly by driving air capture by low heat that is very
inexpensive—it is usually free.390 Third, we can do all this in the near future, and in a way that does not conflict
with the long-term goal of building renewable energy plants. SO THIS DOES OR DOES NOT INVOLVE
NEW PLANTS? CAN THIS BE DONE ON EXISTING PLANTS? The solution we propose is not the only one
possible. There may be other ‘negative carbon’ methods to achieve the same purposes. But for the purpose of
estimating short term costs, it suffices to consider one solution because, in a competitive market and with
sufficient information, (?the costs should never exceed by much a feasible lower bound.)
It is important to observe that the policy suggested here, namely to co-produce electricity and air capture
of carbon, is limited and has a natural termination as soon as we replace existing coal plants and reach carbon
neutrality, at which point we no longer add net CO2 to the atmosphere.

See McKinsey’s 2008 Report on CCS, World News, Financial Times, Tony Barber in Brussels, September 2008
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The process suggested here proceeds by increasing the built capacity of solar thermal plants (BUT YOU
STILL HAVE TO HAVE THE TRANSFER COST OF CHANGING TO SOLAR PLANTS? RIGHT OR
WRONG? , so the facilities created can eventually replace fossil fuels as a source of power. Once the capacity
built has achieved an appropriate size, no more fossil fuels are needed for producing power. In other words,
initially the solution is to capture carbon and co-produce electricity. With this approach, the more electricity we
produce, the more carbon we reduce. This solution is dynamic and changes over time. It turns itself into a way
to provide renewable energy globally that eventually eliminates the need for fossil fuels and troublesome carbon
emissions in the long run. The solution thus satisfies our requirement that short run policies should facilitate
rather than defeat long-term objectives. In the short run, the approach uses renewable sources of energy while
meeting growing energy needs, and over the long run, it replaces outdated plants. It remains to consider the
costs for implementing this solution.
Businesses are insistent about the costs to the economy of preventing global warming. It is their main
concern. Equally many authors have warned the public about the enormous costs of avoiding climate change. 391
However, in the solution proposed here, the carbon market of the Kyoto Protocol, can provide economic
incentives that ensure that the policy can be implemented inexpensively. The carbon market can facilitate the
reduction of carbon, without taxation and essentially with little or no cost to the world economy. This has never
been pointed out before. How would it work? SO YOU ARE SAYING THAT USING CARBON MARKET
CAN MAKE POSSIBLE THE FINANCIAL OUTLAY FOR THE NEW SHORT-TERM, CARBONGRABBING, ELECTRICITY-PRODUCING PLANTS?
The cost is computed as follows. We start from a basic scenario with stable emissions, which is possible
to achieve with existing technologies.392 This scenario is a good start but as we learned, stabilizing emissions
only ensures that the carbon concentration in the atmosphere will continue increasing forever. We need to
remove carbon. By removing an additional 2.4 gigatons of carbon each year from the atmosphere, in ten years
we could remove all the carbon we now emit, namely 24 gigatons per year. The cost of carbon capture and
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sequestration from air that we suggested are relatively well known and in all cases lower than $100 per ton.393
This is a conservative maximum and realistically the cost ranges between $25 and $100 per ton, particularly
when the energy used for this process is heat as suggested here, which is very inexpensive. The Kyoto
Protocol’s carbon price of about $30 per ton suggests that this could be done at the lower range of the costs just
suggested. SO CARBON CAPTURE IN LESS DEVELOPED COUNTRIES CAN BE PART OF CDM?
Therefore capturing 2.4 gigatons per year would cost between $60 and $240 billion annually. The Kyoto
Protocol can meet this bill in an efficient fashion. Between 2011 and 2006 when it became international law, the
value of the Kyoto Protocol carbon market has grown to US$176 billion, with transaction volumes of 10.3
billion tons of carbon dioxide equivalent.394 This means that OECD nations have bought $80 billion worth of
carbon credits since 2006. It is therefore realistic to expect in the future additional annual transactions of $60 to
$240 billion in the carbon market. This level of trade can be achieved simply by reducing the emissions “cap” in
the EUTS395 by an additional 2.4 gigaton a year.396 Through the Kyoto market over-emitting OECD nations
could purchase enough carbon credits from those who capture carbon, for example an additional 2.4 gigaton per
year. The purchase re-distributes wealth, since the buyers are worse off and the sellers better off. But the
negative and the positive cancel out, so overall the world economy is as well off as before. Therefore the
purchasers cover the cost of reducing emissions as needed to avoid climate change, while the world economy is
as wealthy as a whole as it was before. BUT I STILL DON’T GET HOW THIS REDUCES EMISSIONS. I
GET HOW THE POOR COUNTRIES GET MORE MONEY, BUT NOT HOW EMISSIONS ARE
REDUCED. SORRY, I AM SLOW. IS THE REDUCTION ALL FROM THE CARBON CAPS? AND ARE
THE CARBON CAP REDUCTIONS ACCEPTABLE BECAUSE THEY ARE GRADUAL?
All this can be achieved by the carbon market. No market intervention and no taxes. The only
government intervention needed is to gradually decrease the world’s carbon caps as indicated above.
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This is a remarkable feat on the part of the carbon market. In addition the carbon market can achieve
results in the most efficient possible way—using the most efficient technologies available YOU MEAN IN
THE NEW CDMS IN THE UNDERDEVELOPED NATIONS?—indeed, we have Adam Smith’s invisible
hand on our side to ensure this outcome.
Upon reflection, what is most remarkable is that all this can be achieved without little or no net cost to
the economy. Obviously the buyers of credits will have to foot the bill. But the sellers will be richer by the same
amount, so it all comes out in the wash. There is no net cost to the economy—just a reallocation of wealth
between the big emitters and those who use clean technology. The bad guys are worse off and the good guys are
better off, which creates the right incentives. The world economy as a whole has the same total wealth. Clearly
the carbon market has a lot to recommend it.
The entire investment on avoiding global warming makes sense from the insurance point of view as
well. A recent widely distributed British report397 has provided new estimates of the potential costs of Global
Warming. Although its framework is quite different from the one adopted here, we could approximate the
short-term risks of climate change by the value of the property loss that is at stake in a case of a catastrophic
risk case, which has been computed to be approximately 20% of the world GDP now and for the foreseeable
future, about 12 trillion.398 This seems a low number when compared with the $35 trillion estimate provided by
an OECD Report in December 2007.399
A recent British reported estimated400 the costs of averting the risks of global warming in the
catastrophic case401 at $300 billion annually. This would be a reasonable premium for insuring against the
potentially catastrophic risk case.402 This annual cost compares favorably with the market premium that is
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charged today for the risk management of real assets which are exposed to catastrophic risks within the current
insurance markets which, as seen in the Table below,403 would be about 2.5% of $12 trillion, namely a $288
billion annual premium. In order to compare the costs with standard insurance approaches, the table below
provides percentages that represent the annual premium divided by the coverage amount, or insured value in a
variety of real estate risks. According to this table, the premium could be reasonably expected to be about 2.5%
of $12 trillion, or about a $288 billion annual premium. This tallies with the figures for carbon capture provided
above. Furthermore, a $300 billion annual bill is not far off the average cost of capture & storage of an
additional 2.4 gigatons per year as suggested above.
Percentage Paid to Protect Covered
Avg. Premium per $1000 Protected
Amount
Flood1
2.2% to 2.8%
$22 to $28
Earthquakes2
1.0% to 2.2%
$10 to $22
Basic
0.2% to 0.7%
$2 to $7
Homeowner’s3
Figure 7.4—Insurance Premium Tables including Swiss re data, Floodsmart.gov; California
Department of Insurance; National Association of Insurance Commissioners
The figures presented above miss an important aspect of the solution. They do not take into
consideration what can be achieved by using the Kyoto Protocol carbon market, in which case the costs to the
economy could be minimal or even nil. (I DON’T GET THIS: By using the carbon market, the only possible
economic cost is the misallocation of resources caused by using a less efficient source of energy such as solar
during the period in which coal is less expensive. BUT WHAT ABOUT CARBON CAPTURE? But in the
policy suggested, the misallocation disappears after the first year, since as already documented above, only
$148 million invested will render solar thermal as efficient as coal.
There is yet another way of looking at the carbon market transfers from high emitters to low emitters.
An additional $300 billion per year paid from the high emitters to the low emitters would correspond to the
insurance premium that the high emitters pay to compensate the low emitters for the potentially catastrophic
risks they created. So they pay insurance for low-emitters?
A new point, yes? This is an interesting insurance interpretation in its own right.
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It is worth mentioning another completely different and very important advantage that the Kyoto
protocol and the new technologies combined can bring to the world. Working in tandem with the Kyoto
Protocol, negative carbon could help overcome the global divide. This can be seen easily as follows. Regions
such as Africa emit only 3% of global carbon emissions. Therefore they cannot attract large Kyoto Protocol
CDM projects—because the possible emissions reduction that Africa offers are very small, less than 3%. For
this reason, today 60% of the CDM projects are invested in China, because China has a lot of emissions, by
some measures 18% of the world’s.404 Using negative carbon technologies, such as carbon-capture, Africa
could reduce 30% of the world emissions and can be paid by the Clean Development Mechanism and its carbon
market. I DON’T GET HOW THIS FOLLOWS. AFRICA IS ABLE TO GET PAID FOR HIGHER
EMISSIONS THROUGH USE OF NEGATIVE CARBON TECHNOLOGIES/DO NOT FOLLOW. Without
negative carbon this is not possible, since African current emissions are too low. The situation is quite different
with negative carbon technologies.405 Using negative carbon technology and the economic incentives of the
Kyoto Protocol, Africa can increase its energy production and economic development and, at the same time,
reduce significantly carbon in the world’s atmosphere. One may say that Africa could save the world. NEED
TO DEVELOP THIS MORE. I JUST DO NOT FOLLOW.
The figures below illustrate the difference between clean carbon and negative carbon. New fossil plants
increase carbon emissions, ‘clean coal’ leaves emissions unchanged but the concentration of CO2 keeps
building up dangerously. But negative carbon is fundamentally different from the rest. It alone can decrease
carbon concentration in the world’s atmosphere. This is what is needed in the short run.

See World Bank reports ‘State and Trends of the Carbon Market’, 2007 and 2008, op.cit.
‘Negative carbon’ technologies are still not accepted under the Kyoto protocol for CDM projects, so an improvement of the
CDM is required.
404
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Figure 7.5
It is difficult to imagine a world where energy does not come from fossil fuels. This scenario clashes
with our intuition because the overwhelming amount of energy we use today comes from fossil sources.406 The
more energy we use, the more carbon we emit. However, as difficult as it is to visualize a solar economy—or
more generally a renewable economy—it is even more difficult to visualize the transition from today to a new
energy future. In this chapter, I portray both. We will examine the transition from fossil fuels to the solar
economy as well as the end point of this transition, the solar economy. The future economy could look as
different from the present as the present looks from the pre-industrial age.
A critical intermediate step is to visualize the impacts of a technology that was already described in the
previous chapter, which involves ‘negative carbon’. Other technologies are possible, of course, but this one
helps illustrate the transition in simple terms. This technology has the capability to reduce carbon concentration
in the atmosphere at the same time that it produces electrical power. Initially, each plant is used to
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simultaneously produce electricity and reduce carbon in the atmosphere, using a carbon neutral source of
energy. (LIKE SOLAR?) But as time progresses, and more plants of this nature are built, the amount of carbon
emitted is reduced, finally decreasing to zero. Throughout the entire process, each new plant substitutes for a
fossil plant, thereby increasing the proportion of energy that is produced from renewable sources. The number
of plants involved could be rather large, about 2 million by some computations. Therefore although the final
transformation is profound and radically changes the economy, each plant is a relatively small step forward.
THE NEW PLANTS ARE PAID FOR PRIVATELY IN DEVELOPED COUNTRIES AND THROUGH
CARBON MARKET IN OTHERS? This allows us to visualize the change gradually as shown in the figures
below. Thus, I envision a graduated future to which eyes can adjust slowly. SO THE HUGE COSTS ARE
ABSORBED OVER TIME?
It is possible to illustrate geometrically how each plant derived from the new technology impacts the socalled (?transformation frontier between goods and abatement, ) and the changes that are introduced in the
carbon market as a negative carbon technology is adopted.407 WHAT IS ABATEMENT? Since the process is
able to produce power while at the same time reducing carbon dioxide in the atmosphere, building a new plant
shifts the transformation frontier in predictable ways—the shifted curve shows increasingly larger levels of
abatement corresponding to the each level of production of goods. Moreover, since each plant increases the
electricity power available, it simultaneously shifts to the right the production of goods that is feasible for each
level of abatement.
Each installation of a new plant leads to a new curve, as illustrated in Figure 7.6, with the characteristics
just described: the curve shifts to the right and upward simultaneously with each new plant.

This is also called ‘Global Thermostat’ technology. The words “Global Thermostat” are used to suggest that by calibrating up or down the
CO2 in the atmosphere in principle one can have the effect of a global thermostat.
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Figure 7.6
It is possible to compare the effects of building standard carbon plants, “clean coal plants”, and negative
carbon plants that are also called Global Thermostat plants. Each carbon plant increases power and therefore
output, but it increases emissions, as shown in Figure 7.7.

Figure 7.7—Each carbon plant increases power and therefore output, but it increases emissions
If the new plant has “clean coal” capabilities, namely it captures and stores the carbon it emits, then the
situation is as presented in Figure 9.3, namely after the new plant is built the abatement level remains the same,
but the total output decreases somewhat from what would be otherwise possible because of the extra cost of the
carbon dioxide captured and stored.408

Figure 7.8
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In sum: Clean carbon plants are an improvement over standard coal plants because they allow more
power and output without increasing carbon emissions. However, both can be said to be inferior to the Global
Thermostat solution because the latter can simultaneously increase output and reduce carbon concentration from
the atmosphere from other sources, over and above what is emitted from the new plant.
What effect would a Global Thermostat technology strategy have on carbon markets? Figure 7.9 below
illustrates the situation. If the caps on emissions are lowered as appropriate409 then the carbon price could
remain constant for most of the process. However, in the long run, as more of the infrastructure is based on
renewable energy fewer caps are needed on emissions and therefore in the long run—for example 30-40 years
from now—the carbon price could eventually decrease as shown in Figure 7.9. Eventually in the very long run,
towards the end of the century, we have a fully renewable economy and the carbon price is of course zero.
There is no need to decrease carbon emissions anymore, since there is none. AND NEEDS TO DEVELOP
POORER COUNTRIES LESS PRESSING, YES? The eventual long run disappearance of the carbon market is
good news: it is a measure of success.
In Figure 7.9 we see that the transformation process continues until all fossil fuel installations have been
replaced by alternative energy sources that are carbon neutral. THE THING I AM STUCK ON NOW IS
EXPENSE. YOU SAY THAT THE PLANTS CAN BE REPLACED ONE BY ONE WHICH, I PRESUME
THAT YOU MEAN THAT COSTS OF TRANSFORMATION WILL BE LESS PROBLEMATIC BECAUSE
ALL THIS IS DONE OVER TIME. BUT IS THERE ENOUGH TIME TO ALLOW THIS GRADUAL
TRANSFORMATION AND IS IT STILL TOO COSTLY? ARE TRANSFORMATION FIGURES QUOTED
ABOVE BASED ON IMMEDIATE TRANSFORMATION IN WHICH ALL PLANTS ARE REPLACED AT
THE SAME TIME? At this point there is no longer a trade-off between more goods and better environment.
The total amount of goods will be determined, as in Figure 7.9, by the total amount of energy available. There is
no longer a trade-off with abatement, and the climate change threat is removed. This is the solar or ‘alternative’
economy at work, as illustrated in Figure 7.9.
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Another observation that emerges from these diagrams is that the limiting element in production and
consumption in the solar economy is always the same: capital. What counts is the ability to build solar plants,
which are quite expensive.410 The sun’s energy is quite abundant and renewable, it has been said that it provides
the equivalent of one foot of petroleum bathing the planet every single day. Although it is not infinite, it is so
abundant and its reach is so democratically distributed on the earth’s surface that solar energy could provide a
rapid process of economic expansion without damaging the planet’s atmosphere. Other environmental limits
exist, of course. But climate change could be kept in control with the Global Thermostat approach, in the short
and in the long run.411
Figure 7.10 shows how the initial trade - off between more goods and a better environment decreases
and finally disappears in the solar age. As Global Thermostat plants are installed and the caps on emissions
decrease, the short run negatively sloped “transformation” curve is indicated with a heavy line that shifts as
indicated by the dotted transformation curves. The actual curve that is observed in the long run, linking goods
produced and abatement achieved, is instead positively sloped: it is the upward sloping curve depicted with a
stripped line. In the very long run, this striped line converges smoothly to a vertical dotted line indicating a total
amount of goods that are produced by the economy, a quantity that does not depend on, and does not decrease
with, the abatement of carbon emissions.

A typical solar plant could run between $2 and $3 billion. General Electric is planning to build a “clean coal” power plant in New South
Wales or Queensland in Australia, at the cost of $3.1 billion, see Chichilnisky “Making Profits while doing good”, Financial Review, Melbourne
Australia, August 19, 2008.
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Figure 7.9—Carbon
prices decrease as we provide more renewable energy

Figure 7.10—Transition to the solar economy

IS THE SUCCESS OF THE WHOLE THING BASED ON THE TRANSFORMATION OF THE
DEVELOPING COUNTRIES FIRST AND NOW? The choice of power plants is crucial in developing
countries that are rapidly increasing their use of energy. They are expected to become in about 30 years the
largest emitters in the world. Indeed, as already mentioned, China builds one new coal plant out of the two that
are built in the world every week. No policy can reduce the risk of global warming in the long run without
finding a way to control and reduce their emissions. And only through the use of negative carbon technologies
can Africa capture enough carbon from the atmosphere to make a real contribution in reducing the risks of
global warming, for example 30% of the global emissions, while obtaining significant investment funds from
the Kyoto Protocol.412
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This is something that Africa could not do otherwise, since it only emits 3% of the world emissions.

WE DON’T NEED ANYMORE ABOUT COMPARISON BETWEEN STANDARD, CLEAN, AND
GLOBAL-THERMOSTAT PLANTS, I DON’T THINK. WE HAVE TAKEN THAT ALL IN AND
CHAPTER IS LONG AND COMPLEX. WHAT WE NEED TO GET IS THE WAY THE GLOBAL
THERMOSTAT PLANTS WORK, ESPECIALLY IN THE SHORT TERM, IN CARBON MARKET. IT’S
THE FINANCING OF THEM WE NEED TO TAKE IN. Most of the power produced in this century will come
from newly built power plants. It is, therefore, important to appreciate the difference in three different energy
strategies, relying on conventional coal plants, on “clean” coal plants or on Global Thermostat plants, or similar
‘negative carbon’ technologies. As seen in a previous chapter, the Kyoto Protocol offers the economic
incentives that can make this transition a profitable reality. 413
The figures provided in this chapter help to illustrate the difference between a project that builds a new
standard coal plant in a developing nation, as is done today, a “clean” coal plant that can benefit from the CDM
credits offered by the Kyoto Protocol and its carbon market because it reduces its own carbon emissions below
what would be emitted by a standard plant, and THIS IS WHAT WE WANT: finally a Global Thermostat plant
or similar “negative carbon” technologies.
ALL THIS WE HAVE TAKEN IN: Standard coal plants increase power and production at the expense
of environmental quality, increasing the risks of climate change. ‘Clean’ coal plants keep similar levels of
abatement but increase power and the production of goods (somewhat less). They stabilize emissions since they
clean their own emissions, but emissions from other power plants and sources keep increasing, thus altering the
atmosphere as the carbon concentration increases and leading to increased risks of climate change. The saved
emissions (carbon avoided) from ‘clean coal’ can qualify for CDM credits, and the clean coal plant is preferable
in commercial and environmental terms to the standard coal plant under today’s carbon markets and CDM
regulations. )) However, the best strategy in commercial terms and in environmental terms is to build a Global
Thermostat plant or equivalent negative carbon plant, which have the capability of increasing power and the
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production of goods without carbon emissions, at the same time that they decrease the atmospheric
concentration of carbon dioxide coming from the plant itself and also from other sources. These plants decrease
overall the risk of climate change, and obtain a double benefit from the CDM credits, since they can obtain
credits not just for the carbon avoided but also from the actual reduction of carbon concentration of the
atmosphere coming from other sources. The carbon market creates a strong incentive for the Global
Thermostat-type plans, which are the fastest way to the renewable future.
In sum: the Kyoto Protocol’s carbon market ensures that the act of reducing carbon concentration is
financially compensated for developing nations (through the CDM)—and it provides more compensation than
simply stabilizing emissions. In particular, negative carbon plants such as the Global Thermostat plants would
get CDM credit both for the avoided carbon from using a carbon neutral source of energy to produce electricity,
and for the reduction in carbon dioxide from other sources that they provides through air capture and storage.
Thus the CDM can be a powerful tool in the financing of Global Thermostat Plants in developing nations. The
economic and business incentives are potentially enormous, and they are all a direct consequence of the Kyoto
Protocol. This, in turn, can provide developing nations in the long term with clean energy infrastructure, and in
the short term it can provide transfer of technology and a source of clean and abundant energy to grow their
economies.
In conclusion, by using carbon-neutral sources of thermal energy one can co-produce electricity and air
capture & storage of carbon dioxide. This provides more energy while decreasing the carbon concentration in
the atmosphere. It advances energy security and economic development while averting climate change. In the
long run, the process accelerates the transition to alternative sources and is compatible with sustainable
development. Strategies that use this capability in the context of the carbon market created by the Kyoto
Protocol have valuable implications for industrial and developing nations in the transition from fossil fuels to
the solar economy. The Global Thermostat strategy seems so far the most efficient of the solutions examined,
providing a safer and quicker transition to a renewable future. CHEAPER BECAUSE DEVELOPING
NATIONS, WHERE THE BIG GROWTH NOW LIES, CAN PAY FOR NEW PLANTS WITH CDMS AND

See World Bank reports State and Trends of the Carbon Market 2007 and 2998.

CONVENTIONAL PLANTS DON’T EARN ANY (STANDARD) OR LESS (CLEAN)? This and similar
solutions can simultaneously resolve energy security and economic development while they help create a
prosperous and sustainable future.
The entire transition to the solar economy is a matter of capital, as it requires the building of a large new
infrastructure to replace the current fossil fuel infrastructure. Under the Kyoto Protocol’s carbon market, it is
possible to make the transition by building plants that are profitable almost immediately as they produce
electrical power at near competitive rates.414 Building such plants in developing countries is an attractive
commercial proposition—it is perhaps more attractive commercially than building in many industrial countries
like the US who have not yet ratified the Kyoto Protocol and cannot benefit from its provisions.
SO CARBON MARKET HELPS WITH COST OF NEW PLANTS IN DEVELOPING COUNTRIES
BUT MORE FINANCING IS REQUIRED, YES? Under such conditions, the most important issue in the short
term is to devise financial mechanisms that facilitate liquidity for the transition to a renewable economy by
covering the fixed costs of replacing the fossil infrastructure. One possibility is to ‘bundle’ the approximately
15,000 plant projects that are needed for the short-term transition and securitize the entire bundle. This way, the
resulting securities can be sold in global capital markets, effectively creating a secondary market derived from
the carbon market and its CDM mechanism. The result would be positive in many ways: (i) an injection of
capital in developing nations that leads to cleaner technologies, (ii) insurance against global warming and (iii)
creation of employment and transfer of technology to poor nations. In many ways, these results can be seen as
public goods, and it would therefore seem that such projects could be offered a line of credit from the IMF or
the World Bank to facilitate the selling of securities by providing credit enhancement of these securities in
global capital markets. The funds raised would be deployed in various developing nations and their profits
would accrue to the investors that purchase the securities. The benefits from global warming ‘insurance’ that
these clean technology projects provide, such as the transfer of clean technology to developing nations and
employment creation, would accrue to the entire world.
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As shown in the previous chapter, using DOE learning curves implies that there is a capacity building of about $148 million needed for
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Such projects seem ideal to prevent the catastrophic risks from global warming. But they could also be
available more generally for other global environmental assets that are under stress today, going over and
beyond the planet’s atmosphere. For example, these projections could be used in the preservation of the seas,
biodiversity and ecosystem services, and the world’s water basins. The last chapters in this book will explain
how the financial innovation suggested here can be used more generally for such projects.415

Chapter VIII
Trade and the Environment
The issue of trade and the environment is a long-standing source of political conflict that won’t go away.
The aim of this chapter is to shed new light on this controversy and, based on previous chapters, provide a new
economic perspective.
As international trade expands, it creates deeper and stronger connections between nations, magnifies its
impact on the environment and ignites political conflict. At issue are two goals that are presented as polar
opposites: the liberalization of international trade that poses as a surrogate for unbridled capitalism and
economic growth, and the issue of environmental quality that symbolizes the survival of our species. These two
issues are so fundamental, and often so little understood, that it is no wonder that the debate is heated and
persistent. Yet, as I have argued throughout, there is no real conflict between trade and the environment. Both
can and should be tackled together by a proper use of market forces. The current conflict is based on a massive
failure to recognize negative externalities that nations create for each other and on bring upon themselves
through the use of natural resources. We need to develop and implement global financial mechanisms that allow
markets to function properly and reveal the true prices of consuming natural resources. The new mechanisms
will simultaneously favor trade and improve the environment. Solving global environmental problems goes
hand in hand with the creation of new types of global markets that could create the largest internationally traded
commodities in the world.

See also UNEP Report on International Payments for Ecosystem Services, Chichilnisky 2008 “Global Financial Mechanisms for
Biodiversity and Ecosystem Services” and Chichilnisky Development and Global Finance, UNDP and UNESCO, op. cit.
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The Kyoto Protocol was created precisely to address and resolve a problem that stems from lack of
property rights on the use of the world’s fossil fuel resources and the attendant, improper low market prices for
environmental externalities (incuding TK, TK, TK) that result from the use of fossil fuels. Any nation that
ratifies the Kyoto Protocol, and participates in its carbon market, faces a price for every extra ton of carbon
emitted over its limits. Assuming that the limits are reasonable and that the world wants to forestall global
warming, this provides a fair and effective “price signal”—namely a true accounting value of the costs to
society of emitting carbon. These are the type of market solutions that are required to reconcile trade and the
environment.
This is a stark statement that will not go unchallenged. The foundation for the arguments presented here
were provided in previous chapters, but the issues of trade and the environment are so controversial that they
require separate and explicit consideration—even at the cost of revisiting in practical terms, and with specific
examples, some of the arguments presented earlier.
The dual goals of fostering international trade and protecting the environment have become critically
intertwined in the policy agenda of major international organizations, such as the United Nations, the World
Trade Organization, the World Bank and more recently the International Monetary Fund. The issues are causing
a global debate that has led to dramatic events and brought clashing groups out into the streets. As part of a long
string of misunderstanding and conflict, the debate between trade and the environment disrupted the
proceedings of the World Trade Organization meetings in Seattle in November 1999, a phenomenon that has
continued to be repeated at many other international meetings. In the 1990’s the discussions about NAFTA
dominated business headlines and brought related environmental concerns, particularly concerning sea life, on
to the U.S. agenda. 416 After decades of using theories of economic development based on the exports of natural
resources, (unclear: the two-way relationship) came to the fore at the negotiation of the World Trade
Organization’s Agreements, which are now at hand. The process exposed profound differences of perspectives
and clashes of interest between the rich, industrialized and the developing nations. And the controversy shows
no sign of abating.
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One widely debated issued concerned the effects of fishing tuna for exports in Mexico.

I venture to predict that unless we take action, the debate will only become more pressing over time and
will manifest itself in widespread conflicts across the world. International trade agreements between the US and
its Latin American neighbors continue to share the top of the political agenda, more recently in connection with
a bilateral trade agreement with Colombia that became an integral part of the debate between the executive
branch of the US government and the House.417 The whole issue of trade agreements became a key element in
the debates of the 2008 US presidential elections. Free trade is now considered a double -edged sword in the
US, for the first time in many years, as labor unions decry the effect of outsourcing on unemployment and, more
generally, the competition with developing nations’ labor whose wages are a small percentage of US levels—in
the case of China, for example, 5 cents to the dollar. The sentiments on both sides are intense, and reasonably
so.
Global public opinion (DON’T QUITE GET HOW EXAMPLE ABOVE REFLECTS A CONFLICT
BETWEEN TRADE AND THE ENVIRONMENT: reflects a similar conflict between trade and the
environment as so do the official positions of global trade negotiations.) A recent Pew Global Attitudes Survey
of people in 46 nations and the Palestinian territories found that large majorities everywhere favor trade as good
for the economy, but continue to harbor very serious concerns about its damage to the environment. 418 The
governments of industrial nations have, over time, taken ambiguous and conflicting positions, and the
governments of developing nations have dug in their heels for many years, viewing environmental action as too
costly to worry about while they face more urgent issues concerning the welfare and even survival of their own
people. Developing countries often perceive the environment (EXPLAIN: as part of a new Northern agenda of
surging trade protectionism in the US and the EU that is being rammed down their throats.)
What is it about the trade/environment issue that polarizes in such a way the rich and the poor nations—the
North and the South?
It must be understood that talking about the North and the South is a huge oversimplification. The North
and the South are far from being homogenous blocks of common interests. The simplification serves, however,
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a useful purpose; it helps us recognize how divided our world has become. Yet the positions of the North and
the South on the issue of trade and development have changed dramatically over time. Traditionally, the South
resisted liberalizing international trade for fear of the North’s domination of the global markets. Almost
paradoxically, over time the North and the South shifted places, each taking the side previously held by the
other. The North—whose workers feel today the heat of competition coming from global markets—has found
common cause with environmental groups who are concerned with Southern imports that result in deforestation,
climate change, loss of biodiversity, species loss, and other forms of environmental degradation. Initially, the
developing nations feared trade and liberalization that could result in deforestation and poverty caused by
powerful Northern governments that represent the interests of large corporations and who are unwilling to
honor their commitments in trade negotiations. Currently, however, the developing nations favor international
trade more than industrial nations. In the World Trade Organization, developing nations now insist on free trade
of their products—while industrial nations are often seen as protecting their markets, for example, for
agricultural products, and against outsourcing. The spectacular 2008 failure of the Doha round of negotiations
of the WTO stemmed mostly from these issues. (Unclear: While labor interests often serve to block many
negotiations,) there are important differences in perceptions of just who the villains are. For Northern labor,
they are the international corporations that put profits before people and engage cheap labor that is deindustrializing Southern markets and which leads to unemployment at home. For the environmentalists, they are
careless Southern governments as much as greedy multinationals. And for Southern governments they are the
powerful Northern governments, who they see as representing the interests of powerful corporations and whom
the see as sometimes unwilling to honor their commitments. In that sense both North and South see each other
as antagonists in the dilemmas of international trade.

The US and EU continue to differ on fundamental issues of trade and the environment, such as
agricultural subsidies, genetically modified organisms, (GMOs), and the control of greenhouse gas emissions.
Similarly, the South represents nations at different stages of development who have different interests. Brazil’s
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exports are 50% manufactured goods, and that makes it very different from Bolivia, Nigeria, Kuwait, Venezuela
or Cameroon, which mostly export commodities. Even so, and particularly on issues related to the environment
and trade, the North-South dichotomy continues to be relevant. It helps to understand the global divide and in
the search for solutions. The central issue, again, the core of the global environmental dilemma, is the way
human societies around the world organize property rights on natural resources. (Don’t need, often repeated:
Historically, developing nations own resources as common property, while industrial nations own them as
private property. In Brazil, Cameroon, Mexico, Venezuela, Kuwait, Bolivia and Nigeria the most important
natural resources are all common property, the ‘property of the people’ and managed by governments rather
than private property. ) Traditional common property rights are connected, as we saw before, with the skewed
pattern of trade between the North and the South that prevailed and magnified after World War II, where the
South exports natural resources to the North at very low prices, leading to over-consumption of resources cross
the world. This is the main source of the global environmental problems we face. And as discussed in this
chapter the main conflicts between trade and the environment have also the same root, the same origin.
International trade is generally linked with foreign investment, economic development, and growth.
Environmental protection is generally linked to restrictions on trade and economic growth. Thus, the conflict
between trade and the environment is viewed as an impossible choice: either more growth or a better
environment. According to this view, there is no possible solution—the choice in front of us is only about the
least damaging outcome. This is however a misleading perspective. There are sustainable trade strategies that
can achieve both environmental quality and economic growth. Properly designed, global markets can encourage
sustainable development. (Cut, repetitive: In sum: the so-called trade-off between economic development and
the environment does not exist. It is illusory at best, and deeply wrong and damaging at worst. It portrays a false
choice. The entire issue of trade and the environment needs re-thinking, because) Sustainable economic growth
is actually consistent with and will be propelled by sustainable trade strategies. Appropriate policies for trade
and for the environment reinforce each other. The rest of this chapter will follow a two-pronged approach,
focusing on the underlying conceptual issues while offering at the same time practical policy recommendations.

Mixed with some Doubts, October 5, 2007, International Section, page 8.

The debate seems irreconcilable. In reality, however, it is nothing new. It is a recycling of a famous
“Limits to Growth” controversy of the mid 1970’s, when the Club of Rome report419 made the news by
announcing a potentially catastrophic conflict between development of the poor nations and the survival of the
planet. The unwritten issue concerns the rights of nations to use the world’s resources—often their own
resources—to develop and grow. The rights of the North and the South to use the world’s resources are now
translated into a requirement (?right word, is it requirement or a dominant idea?) that developing nations use
fewer resources to conserve the environment—as a precondition to participate in international markets. The
MIT Limits to Growth report maintained that if developing nations attempted to meet the standards of industrial
nations, the planet’s resources would be depleted and human civilization would be in peril. In other words: the
developing nations of the South could not grow, lest they endanger the survival of humankind. Today we face
the same issue but it takes a different form: the argument now is that industrial nations should protect their
markets against (unclear to me: the exports of developing nations that do not protect the environment.) In doing
so, it is argued, these nations could threaten the survival of humankind by overusing the world’s environmental
resources. It is back to the argument of the 1970’s.
It was in response to such extreme positions that we created in the early 1970’s the Latin American
Global Model—the Bariloche Model—to challenge the divisive and erroneous conclusions of the MIT Report
that would have cemented the impoverished status of the developing world. In creating the Bariloche economic
model for the global economy where development was measured by the satisfaction of Basic Needs of the
population rather than by standard GDP,420 I empirically demonstrated the errors in the Limits to Growth
argument, and proved that unbridled GDP growth optimization was by itself dangerous to the world resources,
and could deplete the resources needed for human survival. (Repetitive: As GDP measures the total market
value of goods and services produced by an economy it records favorably today the destruction of forests,
because of the dollar value of timber sale and the lack of market value for a standing tree. It records favorably
the increase of extreme luxury goods consumed by very few wealthy individuals while it disregards widespread
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poverty and deprivation of the majority of people.421 ) The role of creating new markets is to redefine market
value in a way that can resolve the apparent conflict between trade and the environment. In the Bariloche Model
we showed that it was possible for developing nations to overcome poverty and degradation without depleting
the planet’s resources if they focus on the satisfaction of Basic Needs instead of conventional GDP growth. This
was 30 years ago, and since then a lot of water has gone under the bridge. Yet it is still true that the satisfaction
of Basic Needs can both protect the environment and enhance economic growth in developing nations.
The key is to redefine market value so that a positive link can thus be established between trade and the
environment. (CUT? The newly and properly defined GDP—which provides a market value for all goods and
services in the economy—(SO THERE HAS BEEN SOME REVISION OF GDP SO THAT IT REFLECTS
THE ERRORS OF COMMON PROPERTY EVALUATIONS? YOU MEAN UNDER BARLIOCHE?) can
measure properly the value of environmental resources and can help overcome the conflict between Basic
Needs and GDP measures of growth.)
In practical terms, this will lead to avoiding resource-intensive patterns of trade that are at the core of the
market failure today. Indeed, two important goals—improving income distribution and increasing economic
growth—depend on avoiding a particular type of trade strategy that has negative effect on the environment. One
can encourage trade, improve the distribution of income and also improve environmental quality, all at the same
time, by avoiding certain export-led growth policies that are based on the exports of natural resources, avoiding
the indiscriminate opening of poor nations to international markets which leads to its specialization in resource
exports, or labor-intensive exports, all of which naturally lead to worse inequality of income and undermine
economic progress. Recent work by R.J. Barro and by Dan Rodrick422 documented the negative impact that
opening to international markets has had on the whole on the internal distribution of income in developing
nations. This is the same conclusion that was anticipated years ago by the Bariloche Model. (Cut: and was
developed theoretically and empirically by the author since the mid 1970’s in publications that explained the
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negative consequences of resource exports and labor intensive trade on the income distribution and growth of
developing nations.423) But why do Gross Domestic Product (GDP) measures of growth often produce the
wrong incentives in developing nations? why do they steer a developing nations on the wrong track, overemphasizing resource exports from the poor to the rich nations in a way that at the end benefits neither? I HOPE
YOU ARE NOT GOING TO GO INTO THE PRICING DISPARITIES CAUSED BY COMMON PROPERTY
AGAIN.
GDP growth isn’t a global villain but neither is it the best index of economic success: it simply needs to
be updated to take into account the environmental scarcities of our times. In recognition of this right now, the
United Nations is revising its measures of economic growth and systems of national accounts to take this into
account424. Since the turn of the century, in the year 2000, the United Nations Millenium Goals have begun to
monitor the satisfaction of Basic Needs across the world 425 in further recognition that other measures of
progress are needed beyond GDP. In a nutshell the problem, as has been stated, is that GDP only measures the
value of goods and services that go through formal markets, while the most important assets such as natural
resources are owned as common property in poor nations (forests, water bodies, a clean atmosphere,
biodiversity, ecosystem services, fossil fuels and ores). (NO, THIS HAS BEEN SAID AGAIN AND AGAIN:
The underlying assets such as forests are not computed in a nation’s GDP, nor is the depreciation of oil
deposits, or the value of water watersheds and other ecosystem services. These valuable underlying assets are
not traded in formal markets and therefore are not measured appropriately by the nation’s GDP426 today. This
leads to market distortions, unaccounted externalities and environmental degradation, producing environmental
problems, and also leads to a false impression of true costs and comparative advantages that magnifies exports
of commodities and natural resources against the nation’s own interests.427
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The reality is that trade in resources provides often a close connection between poverty and
environmental degradation. We traced this connection in previous chapters, showing that it is caused by a false
impression of comparative advantages in poor nations, which leads to a cruel cycle of overexploitation of
resources and poverty. The way we measure economic progress in developing nations is inappropriate because
of the way developing nations treat their natural resources—such as forests, fisheries, bodies of water, and
mineral deposits—as common property. This was shown in prior chapters and need not be repeated here.
But this does not mean that international trade must always clash with the environment. At the end of
this chapter we also propose how to overcome the false trade-off between environment and trade, which is at
the core of historical economic debates of the last 60 years. )
Today we see the results of so-called export-led growth policies of the last 60 years, which were based
on false comparative advantages and over-represented the gains from trade,428 leading to more inequality and
deprivation in the exporting nation.429 Now, 60 years later, we face the worst environmental dilemmas in history
and the largest number of poor people on the planet—both of which are caused by a runaway overuse of natural
resources.
Clearly we must undo all this—we must redress the world’s overuse of natural resources and the
attendant runaway poverty and degradation in the developing world. (AGAIN, ALL THIS IS REPETITIVE.
YOU CANNOT GO THROUGH THIS AGAIN. YOU HAVE SAID IT ALL MANY TIMES. Earlier in the
book we explained why global poverty and environmental degradation are intimately connected, and how they
can be resolved at the same time by encouraging market forces including market innovation, how world trade
can help. Although this is the way to the future, the issue is complex and its execution remains an uphill battle.)
The issue is how to make trade and the environment work together in a positive direction. Redefining market
value is at the core.
(Cut: The North-South pattern of trade is the reason behind the worse environmental dilemmas of our
times. Global warming arises from over use of fossil fuels, and this in turn from extremely low fossil fuel
prices. Global warming would not exist if fossil prices were substantially higher—several times higher. In that
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case we would be using other available forms of energy rather than fossils. But low fossil fuel prices come from
international trade and they are determined directly by international markets. Oil is a global commodity and its
price is a global issue. Petroleum has been very inexpensive in recent years and even today it is still relatively
cheap despite the recent increases in prices, because it is exported from developing nations who price their
natural resources too low. We all know that this is the case, but what is new here is that the sources of this
problem are the property rights regimes, which are radically different in rich and poor nations. If we insist in
measuring progress in developing nations the same way we measure progress in rich nations, through existing
measures of GDP, the problem has no solution. More realistic—namely, higher—market prices for oil and other
resources could solve the problem. But nobody can tell a market what its prices should be. Free markets have
their own way of determining prices. The price of oil within a free global market depends on the entire
functioning of natural resource markets—and as we saw in previous chapters, in order for a market to reflect
true costs it requires well defined property rights on natural resources in the exporting nations—the developing
nations. These property rights do not exist in developing nations today and have little hope of emerging in the
next few years because as we explained earlier, they are closely tied with the ownership of land which is a
hugely conflicting issue in developing nations, for example in Chiappas, Mexico, Venezuela, Bolivia and in the
entire Middle East.) What is of specific interest for this chapter, is fact that the connection between trade and
the environment can be changed as it depends on global property rights on natural resources that are under
consideration right now, for example in the Kyoto Protocol. The matter is now in our hands.
Furthermore I claim that appropriate systems of property rights on global resources—biodiversity, the
global airwaves, the planet’s atmosphere, the water masses of the world—can be created at the global scale and
used as a practical tool. They can be used to design effective and policy-relevant solutions to the conflict
between the two issues—trade and the environment—enlisting market forces.
The emphasis I give to property rights is not surprising. It is certainly not a new issue. What is different
and new here is the emphasis on global property rights on resources, rather than the more familiar issues of
national or local property rights on resources, such as land reform, which I believe are not practical in a time
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scale that matters. Indeed, issues of property rights have always played a key role in economic thinking. In the
20th century, they were used to separate capitalism from socialism.430 Capitalism says capital should be private
property, while socialism says it should be owned as common property. All this is all well known; it is not new.
What is new is that the issue of property rights is now at the center of the debate between trade and the
environment—the false dichotomy between the two—and therefore remains today more important than ever,
albeit in a radically different way.

The world economy can be best viewed today as divided not into socialist and capitalistic nations, as it
was in the early 20th century, but rather into the North and the South, the rich and the poor nations, the preindustrial or agricultural economies and the post-industrial economies. And in both types of economies, the
issue is no longer who owns the capital as much as how natural resources are owned. The issue relevant for the
global environment is the global property rights on global resources. Both capitalistic nations such as the US
and socialist societies such as China face similar environmental dilemmas today. The key issue is to recognize
the value of environmental resources. This can be achieved by proper assignation of global rights of use—or
property rights—instead of changes to national systems of property rights that may be difficult to achieve in a
time scale that matters. This is what the Kyoto Protocol does.

A skeptical reader may ask why this problem was not detected before, why global property rights on
resources are emerging now as a critical issue, for the first time in history? The reason is simple and can be best
seen by analogy. We did not worry about the rights to use roads—namely, traffic lights systems—until there
was enough traffic. We did not worry about the property rights on land in the US—it was free until it became
scarce. And we never worried about the global property rights to use natural resources—the atmosphere of the
planet, its bodies of water and its biodiversity—until human populations increased sufficiently to press against
these resources, making them scarce.

Capitalism is an economic system based on individual private property rights on the means of production – on capital – while socialism
emphasizes common or social property rights on those. The two political systems – capitalism and socialism - differ precisely in their different views
of what is the best property rights regime for the inputs of production such as capital.
430

In the entire history of our planet, human populations have never been so large—7 billion today and
growing into 10 billion soon. The situation is new, and our old institutions are ill prepared for the change. We
lack global organizations to deal with the new global challenges. Now we urgently need to organize the global
society in its use of natural resources—the way we needed to organize our roads when traffic became
pressing—and for the same reason: to avoid unnecessary conflict and strife, costs, suffering and deaths. This is
why global property rights on resources were not an issue until now. Now they are.

(YOU ARE JUST GOING OVER THE SAME POINTS AGAIN AND AGAIN AND AGAIN. CUT:
There is no need to debate irrelevant issues. The environmental debate today is not so much between socialism
or capitalism, but rather between two other forms of economic organization—agricultural and post-industrial
societies that are connected through international markets. At issue is not who owns capital, but about how
natural resources are owned. The environmental dilemma cuts through and across conventional political
divisions of left and right, capitalism and socialism. This has been confusing to many who persist in holding on
to somewhat outdated left-right forms of thinking. Conserving the environment is important both for the left and
for the right. At issue today is the global divide between agricultural and industrialized societies, the rich and
the poor—the global divide that is the topic of this book.431 The basic environmental issues we face are due to
the fact that natural resources are exported and over-extracted in the South—and they are imported and overconsumed in the North. This is the relevant dichotomy that we must address if we want to understand and
resolve the global environmental dilemmas of our times—Global Warming, ozone depletion and the destruction
of the complex web of species that make life on earth. We must deal with the economic foundations of a
market-based relationship between the North and the South.

The entire global environmental issue is the over-extraction and the over-consumption of natural
resources across the world. The over-extraction of natural resources in the South leads to the over-consumption

431

below.

Some believe that agricultural societies will necessarily transition to industrial societies – but this is not necessarily the case, as argued

of these same resources in the North—petroleum, forests. At the end of the day this is what the global
environmental problem is all about. (YOU HAVE EXPLAINED THIS MANY TIMES: Think of it this way: if
the South significantly decreased oil production and we significantly reduced our imports of petroleum; if the
South significantly decreased the extraction of forest products such as wood plank and paper and the number of
forests significantly increased in the world, then the Global Warming problem would not exist. It would
disappear. And many other global environmental problems would be resolved or greatly improved. Most of the
biodiversity that is threatened with extinction are species that live mostly in the world’s forests and the
attendant surrounding areas and water bodies, and they could be sustained if their ecosystems remained intact.

In sum, the clash between globalization and the environment has to be seen from the prism of
differences in property rights on resources in two groups of nations, North and South, namely post-industrial
and pre-industrial economies. This prism suggests specific solutions to the trade and environment dilemmas,
focused on global property rights on resources. ) PICK UP HERE. MAKE BIG CUT BEFORE THIS. WE DO
NOT NEED ALL OF THIS REPETITIVE BACKGROUND. WE NEED TO GET TO THE NEW PART OF
THIS CHAPTER—HOW PROPERTY RIGHTS CAN RESOLVE TRADEOFF BETWEEEN TRADE AND
ENVIRONMENT: Yet the issue of global allocation of property rights on resources has been neglected in the
debate on trade and the environment, even though they are the key to overcome the conflict between the two. It
is not an issue ever tackled by the WTO, or any of the Bretton Woods Institutions such as the IMF or the World
Bank. Why have they been neglected? And how can we use global property rights for this purpose?
The process of using global property rights to resolve the issues of trade and environment has started. Its
beginnings are humble and largely misunderstood. The process is so important, however, that it begs for
clarification—as do the policy tools that can accelerate its adoption and its use.

(CUT: Global property rights on resources are the main ingredient and the most distinguishing feature of
the United Nations Kyoto Protocol, which became international law in 2005. The Kyoto Protocol created a
global system of property rights on natural resources that I believe is necessary for our era of globalization.)

International agreements such as the Kyoto Protocol, with its pathbreaking system of global property rights
system on the use of the atmosphere, hold the key to the future. They define market prices for environmental
resources that lead to new and more realistic measures of GDP. They can resolve and harmonize the worst
conflicts we face in the areas of trade and the environment. It should be emphasized however that the Kyoto
Protocol represents only a beginning, and a “template” for what is to come. Yet if one could design the global
economy today—to ensure a better future for billions of people on the planet—one could not do much better
than to follow the Kyoto template as a blueprint of what is needed, of things to come. I will also argue below
that this template indicates a major turn in the road of capitalism, and even in the market institution itself for the
remaining of this century. Because of the prominence that I give to this template, the rest of this chapter will
explain how a global agreement such as the Kyoto Protocol can be used in practice to resolve the trade and
environment debate and the tragic mal-distribution in wealth and the use of resources in the world today. I
THINK YOU CAN GO RIGHT FROM HERE TO PAGE 612 AND THE WORDS, “IN SUMMARY.”
PLEASE NOTE ALL OF THE REPETITION IN THE FOLLOWING MATERIAL. WE JUST CANNOT
HEAR ALL THIS AGAIN.
(HASN’T THIS ALREADY BEEN OFTEN EXPLAINED? :To achieve this we have to ‘zoom in’ from
the global level and go back and understand the positions of the North and the South on trade and the
environment—and why are they opposed to each other.

THIS IS REPETITIVE AND I WOULD CUT IT BUT FOR THE FACT THAT I THINK YOU NEED
IT AS A BRIDGE TO THE NEW PART OF YOUR ARGUMENT WHICH WE ARE DESPERATE FOR.
Many attempts have been made to clarify the impact of trade on the environment and, reciprocally, the positive
and negative effects that environmental concerns have on trade. There are volumes written on the topic. But the
waters are muddied. This is partly because of common sense thinking that international trade is based on the
principle of ‘comparative advantages’: that each nation trades what they are good at producing, and as a result
both benefit from trade. This is a deeply ingrained concept that has much wisdom to it—but can be misleading
if used in the wrong context. We must understand clearly how wrong this concept goes when used in the context

of developing nations that have common property rights in resources. Few people truly understand this
unfortunate connection and how to overcome it.432

(WE HAVE HEARD THIS AGAIN AND AGAIN AND AGAIN: Traditional trade theory is based on
the idea that ‘comparative advantages’ brings mutual benefits to all parties engaged in trade. However, as we
saw earlier, this theory assumes that all external costs are internalized, when typically they are not when
property rights are ill defined and we have, by definition, so-called “external effects” that do not go through the
market. In such a situation the terms of trade of a country do not reflect the social costs involved in the
production and consumption of goods and services to be traded. In brief: the theory of comparative advantages,
which is based on markets, becomes misleading when the market does not work due to common property or ill
defined property rights. YOU MIGHT PICK UP HERE FROM 607.BUT I THINK 612 BETTER. THE
FOLLOWING MATERIAL IS QUITE REPETITIVE BUT MIGHT BE SOMEWHAT USEFUL AS BRIDGE
TO NEW STUFF AND THAT YOU CAN GET AWAY WITH IT IF YOU MAKE THE OTHER CUTS IN
THS CHAPTER I HAVE SUGGESTED OR SIMILAR ONES. If ownership is fuzzy or ill defined, we still
may be able to trade; but markets do not do their job properly, they cannot function efficiently. For example,
without knowing precisely who owns a piece of land, the land cannot be traded; the real estate market will not
work. The same is true for diamonds, petroleum, forests and water bodies—indeed in any economy using
publicly owned resources as an input of production—local comparative advantages are overestimated. The true
costs involved in extracting resources—replacing trees for the continuation of the forest, replenishing the stock
of fish, are not computed, because nobody clearly bears the cost of extinction of the forest or the fish. In
developing nations petroleum and most other natural resources are commonly owned and the property rights are
fuzzy. Without well-defined property rights in the exporting regions, for example in Latin America, Africa and
the Middle East, international markets for petroleum do not work well; they under-price the resource and
amplify its extraction beyond what is efficient. The error comes from underestimating the cost of maintaining
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the stock in the case of renewable resources such as trees and forests, or missing the depreciation of the asset in
oil nations.433 The country appears to have a comparative advantage in extracting and exporting resources even
when true comparative advantages do not exist. Under these conditions exporting resources is a loss, not a gain
from trade. The nation should be trading something else, like manufactures or services, to the industrial nations:
this is what the empirical evidence has convincingly shown would be best.434

THIS IS WHERE I WOULD PICK UP. In summary: in an economy where property rights on resources
are ill defined, there are spill-over effects that are unaccounted by the market, called environmental
externalities. The entire environmental issue is about externalities, namely the effects of our actions that are not
properly accounted by market prices. For example, in the process of burning coal to produce electricity, we emit
carbon dioxide into the atmosphere. But we do not have a “cost” associated with this negative effect. The
market is silent about the costs created by the emission of carbon from the plant on the economy. It can be said
that the entire Global Warming issue arises from the inability of the market to take proper account of the costs
produced by emissions of carbon dioxide. The way to resolve this problem is by creating new markets that are
based on the trading of global rights to use the environmental assets, such as the Kyoto Protocol. In regional
versions of the same plan, the way is by creating a sulphur dioxide market such as the one that has traded since
the mid 1900’s at the Chicago Board of Trade. Another example is the Australian carbon market that was
created by government decree in 2008. Once the Protocol is functioning, a nation has to pay for its emissions of
carbon. At $30 per ton, for example, the approximately $8 gigatons that the US emits annually account for $240
billion, which are then properly computed as a loss in the GDP. This is how the Kyoto Protocol corrects for the
negative externalities that are currently unaccounted in standards measures of GDP.
A practical example shows how the Kyoto Protocol and its carbon market can resolve the ‘externality’ issue,
and reverse environmental damage. Figure 8.1 below illustrates.
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Figure 8.1—The Kyoto Protocol corrects the negative externality
Say that a US investor has to make a choice between building a power plant that produces electricity
from coal in Pennsylvania, and a power plant producing electricity from solar thermal energy in Nevada. The
US has abundant coal reserves—some of the largest in the world—and receives abundant solar energy. In terms
of costs, the solar plant produces electricity for 10 cents the kWh, while the coal plant produces for 7 cents the
kWh, so solar-produced electricity costs 50% more. In standard market terms, the clean power plant—the solar
plant that emits no carbon—would be less profitable and therefore less desirable. But the coal plant pollutes the
environment by emitting carbon dioxide. Indeed, power plants that run with fossil fuels are the largest source of
carbon in the world. Since both plants can sell electricity at the same price in the market place, and coal has
50% lower costs than solar, the coal plant is more profitable, and the investor will build the coal plant. This way
investor by investor will decide to build coal plants and the carbon composition of the atmosphere will continue
increasing—increasing the risk of global warming. Because the externalities are not considered.
In this computation, the market is silent on the costs of emitting carbon—why? The answer is simple.
Nobody has property rights on the atmosphere; nobody has the right to demand a clean atmosphere. In
particular there is no market price for the costs of emitting carbon. Let’s say that it costs 7 cents the kWh to

clean the carbon that is emitted by the coal plant. Then in reality, to keep the quality of the air, the cost of the
coal plant is higher than the solar plant—it costs 12 cents to produce a kWh. The solar plant produces no
carbon, so the cost is $0. However, since nobody owns the right to clean air, and there are no restrictions on
emissions, there will be no cleaning up of the carbon emitted by the coal plant. It will not happen. And at the
end we are all worse off with global warming, including the owner of the coal plant who will be subject to
weather conditions that can seriously affect his own business.

The lack of property rights and the attendant lack of market prices to evaluate the ‘externality’ that coal
produces, lead investors to make decisions that seem right in current market terms, but may later be regretted by
all. The lack of property rights on using the atmosphere leads us to miscompute our comparative advantages of
the US as a whole, and to over-emit carbon dioxide. We continue to believe that the US has a “competitive
advantage” in using coal over and above solar, even though a proper computation of costs may show the
opposite. In this example, it is less expensive to use solar to produce electricity once we realize that we need to
keep carbon from building up in the atmosphere of the planet. But without property rights and carbon market
prices there is no “price signal” for the investors and we keep on building coal plants!

Many believe that the US has comparative advantages in coal, and indeed we have huge coal resources.
But in computing the true costs of using coal, we left out of the equation the cost of cleaning up the carbon
emissions, because there are no market prices to impute those costs. This way we do not evaluate the true
comparative advantages of coal. In our example, when the true costs are computed, the US has a comparative
advantage in using solar energy rather than coal for building solar plants. But without market prices, the coal
plants seem more profitable. And this leads directly to over consuming the atmosphere namely over emitting
carbon. How does the Kyoto Protocol help resolve this problem? IN ADDITION TO THE EMISSIONS
LIMITATIONS AND “SALE” OF EMISSIONS RIGHTS WHICH, EFFECTIVELY, FINE OVERCONSUMING COUNTRIES, ((CUTHere is a simple and concrete example of how Kyoto works. WE KNOW,
AT THIS POINT, HOW THE KYOTO PROTOCOL WORKS. ALL THIS STUFF HAS BEEN EXPLAINED.

WE GET IT. Since all industrial nations are given limits on their carbon emissions, a nation such as the US has
to restrict its current use of fossil fuels—by international law—or else pay at the end of the year to another
nation that is willing to sell its unused rights to emit. This is equivalent to a fine on the actual emissions of
carbon.)), PICK UP HERE: THE U.S. can impose its own carbon taxes at home to convince the industry to
reduce its carbon emissions internally; this is compatible with the Kyoto Protocol. But at the end of the day if
the US over-emits carbon above the Kyoto quota, as we are doing currently, the US as a nation has to pay a fine
to another nation who is emitting less than its own quota—so that as a whole the world remains within the given
global quota of emissions that the Protocol provides. OKAY, BUT HOW MANY TIMES HAS THIS BEEN
PREVIOUSLY EXPLAINED?

GET ME QUICKLY TO THIS: US industry thus develops an incentive to reduce emissions – an
incentive that does not exist today – from the Kyoto Protocol. The incentive has a dollar value – the dollar value
is the price of carbon in the carbon market currently $30 per ton over emitted. For example, with 8 gigatons
over-emitted, the value at stake is huge, it is in fact, about US$240 billion at current carbon prices in the
European Union carbon market.
Through this system the over-emitter nation is penalized, and the under-emitter is rewarded, a good way to
provide incentives for restricting carbon emissions globally as needed to avoid climate change.

WE KNOW ALL THIS: Is there anything else about the Kyoto Protocol worth mentioning? Yes, in
addition to its incentives at home, it creates incentives for clean investments overseas. It leads to
industrialization in developing nations that does not increase the use of fossil fuels, does not increase carbon
emissions and does not precipitate climate change. How does it do that? The Protocol’s Clean Development
Mechanism helps to propel economic development with clean energy. It stimulates economic activity in
developing nations using cleaner energy: the best of all worlds, the best way to promote leapfrogging into a
cleaner form of industrialization, and the best way to protect the world against the carbon emissions of the
future, which will come mostly from developing nations. The CDM is a mechanism that is based on the

economic interests of private investors in industrial nations. It is a mechanism that addresses the private sector’s
interests. Here is how the CDM works: US investors could invest in projects in developing nations’ soil that
reduce global emissions -- and if they do so, they get a credit that they can cash out at the carbon market, at
today’s prices, receiving $30 per ton of carbon avoided. Here is a simple example. A nation that participates in
the Kyoto Protocol faces today a $30 price for every ton of carbon emitted over and above its “cap”. This is the
market price, which goes up and down of course with supply and demand in the carbon market. It represents a 6
cent cost for each kWh of electricity produced, because for each kWh a coal plant typically emits 2 Kg of
carbon.435 Thus in our example, now the coal power plant has in reality a 11 cent per kWh cost, which is 10%
higher than the solar plant that has a cost of 10 cent per kWh of electricity, since solar power does not emit
carbon. Clearly now the profitable thing to do now is to build the solar plant, and not the coal plant. And the
comparative advantage of the US is in building solar rather than coal plants. But only after ratifying the Kyoto
protocol this true competitive advantage becomes obvious – only then the “price signal” works to elicit the right
investment and leads to the right investments opportunities.

Among the industrial nations only EU and Japan have ratified the Kyoto Protocol. Again, the US, who emits
about 26% of the world’s emissions, has not ratified the Protocol, and does not recognize those property rights
limitations that come with it. Without property rights, there can be no market activity—buying and selling of
the rights to use the atmosphere—and therefore there is no “market price” or “price signal” on the impact of
emitting carbon in the US. There are no market costs in emitting carbon, even if the costs of carbon emissions
are very serious in terms of the effects of global warming. Without such a ‘price signal’ our industry is
handicapped; for example automobile makers do not have a market signal to produce more fuel-efficient
automobiles, and cannot compete internationally with Japanese car makers that do. As a result, GM is no longer
the largest automobile maker in the world. In fact the entire automobile industry is in trouble in the US today
and even GM requires government help to continue operating, as it did in 1979—and for the same reasons. As a
result, in 2008 Toyota became the largest automobile company in the world, a company that is famous for its
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low carbon footprint. This is the origin of the problem—why the US over-emits, and why the Global Warming
problem exists today in the world as a whole.
In reality, US investors are being handicapped. The US itself is handicapped in relation to other nations
who have ratified the Protocol, because we do not have accurate “price” signals which take externalities into
consideration. This is why recently 20 US States signed a “partnership” to join the Kyoto Protocol’s carbon
market with the EU.436 (SO STATES CAN BYPASS FEDERAL DECISION ON THIS?) The US Supreme
Court has agreed in 2007 that the control of carbon emissions falls under the Clean Air Act, and therefore it is in
the hands of the Federal government to establish emission limits. The US continues to be disengaged from the
Kyoto process.
We saw how the carbon market contributes to the environment. A quick computation shows what the
Kyoto carbon market can contribute to international trade as well. Even though the carbon market is not directly
addressed by the WTO, at $30 per ton, the amount that is traded today in the carbon market is about $50 billion
annually, and could be nearly $1 trillion if the US ratified the Protocol and joined the carbon market. This
would be an important contribution to international trade, one that is not just compatible with the environment
but as we already saw helps resolve the environmental problems caused by many other internationally traded
markets.
To complete our practical demonstration on how Kyoto resolves the conflicts between trade and the
environment, we can now provide examples on how the developing nations participate in the process. Poor
nations have no emission limits in the Kyoto Protocol, so how can they trade? The short answer is that they do
not. The carbon market is only for nations who have ratified the Kyoto Protocol and accept the property rights
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(emissions limits) that it dictates—and there are no emissions limits for the developing nations. However the
Clean Development Mechanism of the Kyoto Protocol creates a way in which developing nations can benefit
from the carbon market “price signal” even though they do not have emission limits themselves. But so far the
mechanism works - already US$50 billion have been transferred to developing nations for CDM projects to
date, representing a CO2 reduction equivalent to 36% of the annual EU carbon emissions.437

Going back to the example of the power plant discussed above, the investor in our example may wish to
consider whether to invest in building a coal plant in China or a solar plant in China. With the CDM, the US
investor can get a carbon “credit” for each ton of carbon that the project actually reduces in the planet’s
atmosphere. Such a “credit” is not available if the investment takes place in US soil—but it is available if the
investment takes place in a developing nation such as China. Once again, the credit alters the profitability
computation. The solar plant becomes more profitable than a coal plant after the Kyoto Protocol, under the costs
provided in the example above for production of electricity and the cleaning of carbon emissions. DOES THIS
RESULT IN LOST JOBS IN UNITED STATES? Thus through the carbon market and the CDM developing
nations can benefit from the carbon market and the investment that it induces in their nations—even though
they themselves do not trade directly. And those investments are for “clean” energy in developing nations—in
our example the newly built solar plants do not emit carbon. So in reality, the Kyoto Protocol holds the cards for
providing more energy for development without threatening the global environment.
Credits in the CDM can be made transferable in the future, but whether they are transferable or not,
direct investors benefit from the CDM, and for this reasons business interests support the Kyoto Protocol’s
CDM today. In 2008 the European Union has started an offensive to “cap” the CDM investment that is
currently going through the EU Parliament—and yet businesses support the continuation of the CDM as is
today.

The partnership will be signed on Monday by more than 20 founding members, including the President of the European Union
Commission, Jose Manuel Barroso, Prime-Minister Gordon Brown and California Governor Arnold Schwarzenegger. The United States is the
world's largest producer of the heat-trapping gases that many scientists link to extreme weather like violent hurricanes and rising sea levels.
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We saw how the Kyoto Protocol changes the computation of ‘comparative advantages’ in the US. The
same happens in developing nations. Through the CDM, the computation of comparative advantages in
developing nations can be corrected. They do not appear to have the same illusory benefits from exporting
petroleum, and therefore the oil market—a global market—is corrected to include the true costs of using
petroleum and emitting carbon into the atmosphere. The bottom line is that as comparative advantages are
recomputed, the relationship between trade and the environment is completely redefined, and radically so.
Natural resources do not carry an illusory view of comparative advantages, and trade in developing nations no
longer means exporting natural resources. The balance shifts, due to the price signal provided by the carbon
market. Now developing nations have more incentives to export knowledge-intensive rather than resourceintensive products that, as has been amply demonstrated,438 are the true foundation for development and growth.

International trade need not be the enemy of the environment. The Kyoto Protocol and similar global
environmental agreements encourage a new vision of environment based on clear and renewable energy, and
sustainable development can become a practical outcome. And with sustainable development, export policies
based on knowledge products rather than natural resources are no longer in conflict with the global
environment.
We live in an era where developing countries can benefit from their true comparative advantages in the
global marketplace. Finding a simple rule of thumb to resolve the daunting conflict between the trade and the
environment seems a tall order. But we have already laid the foundations and the time has come to reap the
benefits. What we need are the type of institutions that the Kyoto Protocol has created for the planet’s
atmosphere—applied also on biodiversity, ecosystem services and the planet’s water bodies. The rest of the
book will explore how this can be achieved.
OKAY, ONE OF THE GREAT STRENGTHS OF THIS BOOK IS THAT YOU EXPLAIN EACH
CHAPTER’S NEW POINTS QUITE WELL WITHIN THE CHAPTER THAT INTRODUCES THEM AND
YOU GO BACK, AS THE BOOK PROGRESSES, AND EXPAND AND RE-EXPLAIN THESE POINTS
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WHEN RELEVANT. IN THIS CHAPTER, THE MOST PROBLEMATIC IN THE BOOK SO FAR, THERE
IS WAY, WAY TOO MUCH REPETITION OF PREVIOUS MATERIAL, PARTICULARLY AT THE TOP
WHERE YOU GO BACK INTO ISSUES BETWEEN NORTH AND SOUTH, THE UNFAIR EVALUATION
OF COSTS IN THE SOUTH BECAUSE OF HIDDEN COSTS ENSUANT WITH COMMON PROPERTY,
ETC. YOU SIMPLY MUST GET FASTER INTO THE NEW STUFF, THE WAY TRADE CAN BE USED
TO IMPROVE THE ENVIRONMENT WHEN PROPERTY RIGHTS ARE CONSIDERED AND,
ESPECIALLY, THE SITUATION OF THE DEVELOPED COUNTRIES, LIKE U.S. AND HOW THEY
BENEFIT FROM REFORMS SUCH AS KYOTO. I HAVE TRIED TO MARK PARTICULARLY
PROBLEMATIC SECTIONS THAT REALLY DRAG DOWN THE WHOLE BECAUSE OF REPETITION
BUT I NEED DEFINITELY TO SEE THIS AGAIN. WE REALLY NEED TO CLEAN OUT A GREAT
DEAL OF THE REPETITION OF POINTS THAT HAVE ALREADY BEEN VERY WELL EXPLAINED.

Chapter IX
The Knowledge Revolution
Our uncertainty about the environment is one aspect of a more general form of uncertainty: the
unknown impact of human organization and of the knowledge we create. Knowledge creation today doubles
every 2-3 years, much faster than it did a few years ago, and the process takes place at an ever-accelerating
speed. Knowledge creation is expected to double every 70 days by 2030, and during the 21st century the rate of
knowledge acquisition will increase to the point that our stock of knowledge will double almost
instantaneously.439 As knowledge creation increases rapidly, so does our ability to foresee and control the
future. THE INCREASE IN KNOWLEDGE IS ALL CAUSED BY TECHNOLOGY AND ITS
CUMULATIVE IMPACTS? Technology, many argue can also increases our uncertainty about the future. This
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chapter will focus on how knowledge can be an organizing principle to transform economic progress in a way
that is harmonious with the global environment.

Figure 9.1—
King: “The Wealth of Nations” Nature op.cit.
Today, knowledge means wealth. For instance, traditional knowledge about natural plant substances
generates more than $75 billion in sales each year for the pharmaceutical industry, $20 billion in herbal
supplement sales, and $3 billion in cosmetic sales according to a study by the European Commission.440
Yet it can be said that knowledge creation is at the core of the worst global environmental problems and
uncertainties that we face today. Climate change provides an example of this phenomenon. We have risked the
health and future of the globe by causing and allowing our voracious use of fossil resources such as coal,
petroleum and natural gas. It is a new phenomenon that emerged and accelerated during the process of
industrialization, and is a new type of risk for our species. Until now most of the risks we faced were caused by
nature—weather risks such as droughts, dangerous exposure to wild animals, and atmospheric and geological
events such as typhoons, tsunamis and volcanoes. But some of the worst physical risks we face today are risks
that we have created ourselves. Hurricane Katrina provides a tragic example; a case where the risks created by

See “On a Remote Path to Cures: Adventurers and Merchants Have a Stake in Peru’s Maca Vegetable” Andrew Downie, Business Day,
The New York Times, Tuesday January 1, 2008, p. C1.
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human responses to a physical event—or the lack of response to a physical event—may have exceeded the risks
created by nature itself. (UNCLEAR: It can be the creation of a risk or the lack of response to a risk that is at
stake here.) But in any case, it is our own action or lack of action that makes the most difference. Elsewhere I
have called this phenomenon endogenous uncertainty.441 Need better explanation of term. I don’t quite get it. Is
it risks created by human action basically? These types of risks are more prevalent today than ever. They have
achieved a worldwide impact because now, for the first time in recorded history, human populations dominate
the planet. SO, DESPITE THE FACT THAT OUR KNOWLEDGE IS INCREASING, SO IS OUR
CREATION OF RISK OR OUR INATTENTION TO SITUATIONS THAT INVOLVE IT?
The phenomenon of endogenous uncertainty is sufficiently new that we do not know yet how to manage
it, how to hedge against it. It goes beyond physical risks as it includes economic and financial risks created by
human action. For instance in recent years we introduced new financial instruments—such as asset-backed
securities—to hedge individual risks. These led to rapidly increased trading and to economic gains, but
eventually they created more financial volatility, in the end leading to an unprecedented global credit crisis in
US markets that resonates today throughout the world’s financial markets.442 Our increased knowledge about
how to use financial instruments to hedge individuals’ financial risks has caused the emergence of new
collective risks. GREAT: There seems to be a race between the knowledge that we create, which increases our
ability to manage the future, and the new uncertainty that knowledge creation itself causes. The result of this
tug-of-war is unclear. Elsewhere we have shown that we cannot fully protect ourselves against the risk that we
create.443 The same could be true about global environmental risks, and the risks we introduce with the
development of new technologies and new forms of social organization. It is an inescapable conclusion
however that, since knowledge is an important part of the problem, it has to be part of the solution.
For example, to deal with the endogenous uncertainty caused by climate change, the nations of the world
have created a new type of global institution, the United Nations Intergovernmental Panel on Climate Change,
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comprising of thousands of scientists across the world who provide a collective scientific knowledge and
assessment of climate change and its impact. In recognition of the importance of its role, the 2007 Nobel Peace
Prize was shared by this organization for its contribution to the problem of Global Warming. Since 1990, the
UN IPCC has predicted that global mean temperature will increase at a rate of 0.3 degrees centigrade per
decade, one degree by 2025 and three degrees by the end of the century.444 But the uncertainty range of the
IPCC predictions is large, 0.2 – 0.5 degrees centigrade per decade. In the same vein, the IPCC predicts that the
rate of increase of temperature across the world will be very uneven and vary regionally—three times more in
the North and the South poles than in the tropics. Since the poles accumulate large bodies of frozen water that
could be melting soon, global mean sea level is expected to raise 6 cm per decade, 20 cm by 2030 and 65 cm or
5 feet by the end of the century. Once again, the uncertainty is enormous—the range of uncertainty provided by
the IPCC is 3-10 cm per decade.445
Biodiversity destruction is also rife with uncertainty. The destruction of the earth’s ecosystems is driven
mostly by economic incentives, and is mostly due to human actions. Forests, where most known biodiversity
resides, are cleared for economic purposes: extracting natural resources such as oil or wood products, or giving
way for cash crops and grazing. Human action is a root cause of biodiversity destruction. And the process is
rapidly accelerating. Scientists believe that we are in the midst of one of the largest episodes of biodiversity
destruction in the history of the planet, comparable to 60 million years ago when the dinosaurs went extinct.
The United Nations Millennium Report documents 1,000 times more biodiversity destruction than the average
in fossil records.446 The globalization of the world economy since World War II has intensified a pattern of
resource use by which developing nations extract most natural resources, exporting them to industrial nations at
prices that are often below replacement costs. Industrialization is the origin of most biodiversity destruction,
and most emissions of greenhouse gases. These are human-created risks, and they require similar institutional
responses as the risk of climate change, which are under way. In recognition of these risks, the UNEP in
cooperation with the UN Biodiversity Convention have started a global effort to develop market-based
“Sea levels will rise by about 6 cm/decade (with a possible uncertainty suggesting between 3 and 10 cm) as a result of the thermal
expansion of the oceans and the melting of ice sheets. The mean predicted rise is +20cm around 2030, and +65 cm by the end of the next century”
quote from First Report of the IPCC, 1990.
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institutions and financial mechanisms that would seek to achieve similar goals as the IPCC and the Kyoto
Protocol’s carbon market.447
A crucial role for knowledge is to cut the link between economic progress and resource use that has
prevailed until now. In western societies economic progress has been largely identified with increased use of
energy and hence increased use of fossil fuels as well as all other natural resources.448 We argued above that this
was particularly the case since the post World War II period, and led to an inescapable and close relationship
between the quantity of energy used by a nation, and its economic development—measured by our conventional
system of national accounts, GDP. The connection between energy use and development is so strong and so
prevalent around the world that one can in effect read one from the other: one can predict a nation’s GDP by
reading its energy use, and vice-versa.449
The deep and troubling connection between economic progress and resource use in the industrial world
could now extend to the entire world. The developing nations are critical to the future of the earth’s resources,
which they are using to industrialize, and hence to the future of humankind. The developing nations’ connection
to resources has changed through time, but it is nevertheless stronger than ever. During the period of
colonialism, for instance, developing nations acted as providers of natural resources, and as such they were
critical to global resource use. Indeed, one definition of colonialism is the conquest of one nation by another
with the purpose of extracting and using its natural resources, either free or in favorable terms. Sometimes these
natural resources included human beings, millions of humans who were used as slaves. Indeed, the British
colonization of the US three centuries ago had the same structure as it did during last century regarding the
Dutch or French colonization of many African nations. Following the demise of colonialism during the first
decades of the 20th century, many developing nations evolved from their colonial role as resource providers, but
most of them remained nevertheless providers, in a different way. The former colonies, now independent,
became nevertheless the main exporters of natural resources providing resources to the entire world during the
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20th century. We called this market colonialism because, as seen above, the historic differences in property
rights between industrial and developing nations led poor nations in Asia, Africa and Latin America to export
their resources below their true market value, and even below replacement costs.450
It would be a mistake to think that resource exports are a thing of the past. The role of developing
nations as, primarily, resource exporters continues today and it has intensified in regions that have not yet
industrialized, or those that remain mostly in an agricultural stage. This includes most nations in Latin America
and Africa today and some in Asia, such as Mongolia and Indonesia.451 It is true however that some developing
nations, predominantly China and to a lesser extent India in Asia and Brazil and Mexico in Latin America, are
today engaged in a rapid process of industrialization and transformation of at least part of their economies.
Through this transformation, developing nations nevertheless continue to play a key role in the fate of the
world’s resources, albeit a different one. Those developing nations that are rapidly industrializing today
represent the largest potential demand for energy use, and more generally for natural resources use, in the world
economy. So if we don’t buy up their resources, they will not use themselves?
China is a case in point. Its transition has only just started and is gathering momentum. In terms of
energy use, a person in China consumes today a mere fraction, about 1/8, of the fossil fuel used by the average
US consumer. China is still largely an agricultural economy, using about 12% of the world’s energy as a whole.
As a whole, developing nations use a mere fraction of the world’s energy, about 35%, even though the
overwhelming majority of the world’s population, over 80%, resides in developing nations.452 If people in
developing nations were to catch up with US standards of energy consumption—as part of a reasonable
expectation of matching US standards of living during this century—then under current patterns this would
mean an 8 fold increase in energy use across the world.453 This increase does not take into account any
increase in the world’s population, nor any increase in energy use in the industrial nations. With a moderate and
realistic projected population increase of about 50% across the world by the end of this century, the increase of
energy use would be 16 fold. And with a DOE projected increase in energy use in the US by 5-10 fold by the
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end of this century, this would mean at least a 20 fold increase in the use of energy worldwide. This is a
staggering prospect.
The projections of energy use and population increase just provided can be somewhat adjusted without
changing the overall conclusion. The main point is that the environmental problems we face today pale by
comparison to those we may face at the end of this century. Today’s carbon emissions may be only 5% of the
total emissions we would produce then. In other words: the global environmental problems we face today are
nothing compared with the problems we will face during the rest of the century. Our future use of energy and
resources are the real targets that we need to face, and the real problems that we need to resolve.
Developing nations are critical in the future of resource use across the world. Their role may have
changed from the main suppliers of resources in the past and the present, to the main consumers in the future.
But they are still the critical link. For the first time, the standard of living of the US citizen such as myself can
be directly affected by the development in Africa. The OECD reported this year that the largest losses from
global warming will occur in Miami Florida, about $3.7 trillion and in Zhangai, China, about $2.3 trillion.454 It
is indeed the first time in history that an African decision about how to use energy to develop—indeed their
own energy resources—can cause trillions of dollar losses to the US economy. We are all indeed in the same
boat today.
The critical role of developing nations is well understood and has been factored in financial markets.
Many global investors predict a steady increase in the price of commodities for one main reason: the rapid pace
of industrialization of China, which is home to 19% of the world’s population, and which is avidly increasing its
demand for energy and other natural resources. A number of hedge funds are dedicated to exploit this trend in
commodity prices.455
THOUGHT THIS WAS WHAT WE GOT IN LAST CHAPTER: What is the solution to this cruel and
old dilemma—the seemingly opposed goals of economic progress and environmental integrity that face the
developing nations of the world?
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While the dilemma is now more pressing than ever, and it spills over the entire world, there is a possible
solution in sight. I am quite optimistic for the future of the world economy in the long run. The real question is
now one of time—the short run—how to achieve a transition in a time scale that matters. I am not so optimistic
here.
The key to our future survival and prosperity is to break the link between economic progress and
resource use. We must achieve a new type of industrialization that is not based on natural resources: a
knowledge-intensive form of economic progress. Fifteen years ago I called this the knowledge revolution456.
Since I first wrote about it facing much skepticism457 the knowledge revolution has become a reality—both in
advanced nations and in many developing nations. This new trend fits with the historical facts presented in the
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previous sections, and it represents today a solid road leading to a prosperous future for the world as a whole.
But the knowledge revolution requires a fundamental change in the way we view economics and the role of
markets across the world. Some of the change is already under way, and we are moving slowly but surely into
the future. What is ahead of us is so fundamentally different that it requires a new name along with new
economic thinking—and it can be called a new capitalism.
The words new capitalism suggest that a fundamental transformation lies ahead of us. Markets will still
play an important role in the future, and so will the earth’s resources. I have explained elsewhere458 that a key
issue will be to incorporate the dynamics of markets—you mean by privatizing?-- into the management of
ecosystems, of climate change, and of other global environmental issues that we face today such as water
scarcity. The market will continue to play a critical role because the international market has been and continues
to be heavily implicated in the historic overuse of natural resources across the world, as we saw above.459
International markets have been and continue to be key institutions in the destruction of the earth’s
ecosystems.460 No policy that ignores these facts fact can succeed. Yet markets are a dominant institution in the
global economy. They are desirable because they are decentralized and inspire feelings of freedom, and they
can lead to efficient distribution of resources. These are very valuable properties of the market as a policy tool.
In the 21st century, however, the market itself is evolving and changing. Two major trends cause this evolution:
the Knowledge Revolution and the global environmental risks we face. Both of these global trends lead to new
and fundamentally different types of markets: markets that trade global public goods rather than private goods
as conventional markets do. This changes the nature of the market in a fundamental way—linking as never
before the issues of market efficiency and equity.

Knowledge and environmental assets are not typical public goods such as bridges, the armed forces, law
and order, or a nation’s Constitution, all of which are ‘produced’ and dispensed by governments. Governments
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International markets have dictated the historic pattern of over-extraction of fossil fuels from developing nations such as
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do not generally ‘produce’ goods such as knowledge or goods like carbon emissions. These goods are usually
produced privately; for instance, most knowledge is provided by private firms in their R&D activities, or by
research that is created by individuals in their own private time, like the author of this book. And most carbon
dioxide is produced privately, by individuals or firms in the process of conducting their daily affairs, for
instance in using energy for producing goods and services, or simply in heating their homes, driving their
cars—or even breathing. Indeed, breathing consumes oxygen and as we exhale we emit carbon dioxide. The
point is that governments cannot easily control the production of CO2. For example, they cannot control our
breathing. CO2 is, on the whole, privately produced—and yet by its physical nature the CO2 concentration in
the atmosphere is the same for all and in that sense it is a public good. The same is true for knowledge, which is
produced privately but can be shared equally without anyone losing knowledge by sharing it.
The central point is that when we trade public goods that are privately produced, we change the essence
of the market itself. IS THIS THE OPPOSITE TO THE UNDERDEVELOPED NATIONS TRADING
COMMONLY HELD GOODS?
There are other examples of markets involving public goods for environmental purposes, such as the
trading of permits to emit sulphur dioxide (SO2) in the Chicago Board of Trade since 1993, following the Clean
Air Act in the US. Public goods can be global or local—and sulphur dioxide is a local public good in the sense
that it distributes uniformly but only within a relatively small area, like a city. Emitting SO2 in Chicago does
not change New York City’s air. But as an example, the SO2 market exemplifies a trend—the use of markets
for environmental purposes, involving public goods. DID THIS COME OUT OF KYOTO/INSPIRED BY
KYOTO? The main point here is that when the environmental assets that are traded in the market are public
goods, the market itself is different; it behaves differently and it has different properties, as we have shown
elsewhere and we will see also below.

What is most interesting is that the fundamental economics of markets with privately produced public
goods is consistent with the decision made by the nations of the world in Kyoto December 1997. A market
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solution is more efficient—the economic results show461—when the low-income nations that own fewer private
goods are given more rights to use the public good than the rich nations. This turns out to be a general property
of environmental markets and markets for knowledge that augurs well for the future of the world economy—
particularly in a period when knowledge and environmental assets are the most important traded goods in the
world economy.
To explain how and why knowledge and environmental markets should have this role during the 21st century, I
will now describe the phenomenon that I have called the Knowledge Revolution.
The Knowledge Revolution can be viewed as a new stage of human economic evolution. It follows two
prior stages of economic development in human societies—the agricultural revolution, and the industrial
revolution. The former occurred when human societies discovered how to domesticate seeds to feed their
members and, in the process, evolved from nomadic hunter gatherers to sedentary settlements in order to attend
the cultivation and harvest of the produce. Small tribes that used to survive by moving around seasonally in
pursuit of food now settled in larger sedentary groups with less food uncertainty, and prospered. Land became
the most important input of production, clearly not the only one but a defining input for agricultural societies. In
that vein the major power struggles in agricultural societies were about the ownership of land—feudalism was
defined by who owned the land. Feudal landowners battled each other over the precious input, eventually
leading to the emergence of national states that organized feudal possessions by offering a central protection for
the trading activities at the state level, and in the process defining the organization of agricultural societies. In
the agricultural society, land ownership—property rights on the main input of production, land—was all
important for power and wealth, and also for the growth and for the entire dynamics of the economy. A similar
feudal system continues to operate in agricultural nations of Latin America today (Mexico, Bolivia, the north of
Brazil) where power is defined by the ownership of “latifundios’ or extremely large parcels of land denoting
concentration of power on a few families. Who owns the land is still key, and this issue is the main social
struggle in areas such as Chiapas, Mexico, in the Northeast of Brazil, in Bolivia, Columbia, Venezuela and
Peru—among other developing nations. In the US, the issue took the form of confiscation of land from the

massive ecosystem destruction in Ecuador, Chichilnisky, G. “North South Trade and the Global Environment”, AER, 1994, op.cit..

indigenous people of the Americas including Mexican nationals, and its transfer to European immigrants and
their descendants—a period of US history known euphemistically as “Manifest Destiny”.462 Energy in the
agricultural society is mostly derived from human or animal muscles and food that feeds them—this is how the
harvest is still collected today in large areas of Africa, Asia and Latin America and to a lesser extent also in
agricultural areas in the US, such as California. Towards the end of the 1700’s the discovery of the steam
engine precipitated the industrial revolution. Machines were able to use wood and fossil fuels such as coal and
petroleum to replace human and animal muscles as a source of energy. Food still remained a key productive
item for economic wealth—but economic power and the dynamics of progress were now driven by machines,
and whoever owned the machines controlled the fate of the economy. In this period, the property rights that
mattered were on the now most important input of production, which was no longer land, but machines or their
paper representation called “capital.” The social structure was then defined in terms of who owned capital,
which is now the most important input of production, and from this came ‘capitalism’ and its antithesis,
‘socialism’ or ‘communism’, which differ only in the type of property rights they each advocate on the main
input of production—which is now capital. Capital as private property is the basis of capitalism, while common
property of various sorts defines socialism and communism. The main struggles of the 20th century across the
world were in defense of one of the other of these opposing economic systems—namely, they were about who
should own the most important input of production—capital. It is worth reminding ourselves that land is still an
important asset across the world—particularly in agricultural nations—and that food is a very important output
at any point, but the main dynamics of an industrial society are defined by the main input of production that is
now industrial machinery or capital rather than land. This can be seen from the composition of GDP—in an
agricultural society agriculture can be 90% of all economic output and it still is 13% or more in many nations of
the world including China and India, but is less than 1% in industrialized nations such as the US—even though
the US has a huge and very productive agricultural sector, and has always been an agricultural exporter. The
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industrial revolution did not stop the economy from producing food, nor did it make land worthless, it simply
changed the composition of the nations’ GDP to become mostly industrial and made capital the most important
input of production that attracts others. The most important output of the industrial society is industrial output,
and the most important input is capital or machinery. Machinery was driven by fossil fuels since the early 20th
century—and the developing nations thus fueled industrialization in advanced nations by extracting and
exporting fossil fuels at very low costs—the more abundant and inexpensive is the energy producing the input
of production, capital, the more productive is an industrial nation. The difference in property rights on resources
in industrial and developing nations fueled exports of fossil fuels at very low prices and the industrial expansion
in the advanced nations—while at the same time it fueled the emissions of carbon dioxide that would spell
disaster at the end of the 20th century.
Towards the middle of the 20th century, the creation of electronic processing and storage of information
and the attendant improvements of radio telecommunication created the foundation for another economic
revolution to take place. The main input of production ceased to be capital or land as in the agricultural or the
industrial age—we will argue below that they are being gradually replaced by information and communication
technology, ICT. And that knowledge itself has became the main output of production, replacing industrial
output or agricultural goods. This does not mean to say that food or machinery are not important. They are of
course very important and they will continue to be so as long as food continues to be important in the industrial
society. Nor do I imply that all nations in the world are either in the industrial age or the information?/industrial
age. Indeed, in the midst of the industrial revolution many nations remained in the agricultural age and today we
have all sorts of economic systems across the world—agricultural and industrial societies, and even in part of
the world hunter-gatherer societies in parts of Australia and New Guinea. I am simply saying that the fastest
growing segments of advanced nations such as the US and of parts of developing nations such as India,
Barbados, Singapore and China, is related to the knowledge industries that are based on consumer electronics,
finance, medical services, entertainment, etc., replacing in that role agricultural products or machinery. What is
perhaps most important in the context of our concerns is that knowledge, the main input of production in the
Knowledge Revolution, is itself a public good that—by definition—once produced can be shared without losing

it. GOOD: This makes the Knowledge Revolution fundamentally different from the Agricultural Revolution or
the Industrial Revolution—because in those earlier stages the major input of production was a private good—
land or capital—leading to a competition or ‘zero sum game’ in the use of inputs of production that does not
exist in the Knowledge Revolution. In other words, if you sold it, you lost it. A little wordy
This is a source of hope for overcoming the Global Divide in a way that was not possible before. It also
anticipates a change in the structure of markets in the era ahead. Markets will trade the rights to use public
goods rather than private goods, thus leading to different economic issues of efficiency and distribution. In any
case, the era of the Knowledge Revolution makes the classic debate between the left and the right, socialism and
capitalism, a thing of the past. Capital and land continue to be important but they are no longer the most
important input of production, and as the main determinant of economic dynamics and progress is knowledge,
the classic debate between capitalism and socialism becomes somewhat dated—and perhaps altogether
irrelevant.
The Knowledge Revolution is leading to a new type of economy, with different environmental problems
and new opportunities for action. Examples of nations that started their knowledge revolution are the Asian
Tigers-- China, Japan and Singapore—all of whom have emphasized knowledge-intensive production over
resource-intensive sectors of their economies. Other examples are parts of India such as Bangalore, the main
software exporter in the world—and Barbados. The US leads the pack because it has developed more than any
other nation two essential components for a fast and successful transition to the Knowledge Revolution:
intellectual property rights and financial markets. It can be said that Japan, a technology-oriented nation, lost in
the software race because it does not have a well developed intellectual property rights system. China is also
struggling in the development of some of its most important knowledge intensive sectors such as ITC for the
same reason: its lack of definition or enforcement of intellectual property rights in critical knowledge-based
sectors of the economy. (DON’T GET THIS: Indeed, while its lack of intellectual property rights allows China
to duplicate other nations’ intellectual property—such as music, entertainment, software & brand products)—
still, China’s lack of intellectual property rights handicaps its own people from creating and exploiting
commercially important business areas such as software, and other Information and Communications

Technology products, knowledge products that are essential for a successful transition to the Knowledge
Revolution. It is critical to understand that goods such as knowledge or many environmental assets—such as the
carbon concentration in the atmosphere, are public goods that are privately produced. They share with private
goods the characteristic?/fact that production follows standard incentives for economic rewards, and they share
with public goods the fact that once produced, they can be consumed by all in the same amounts. (DON’
QUITE GET THIS: Private property rights on knowledge fit well into the arguments of this book, although
without an appropriate distribution of such rights society cannot achieve efficient outcomes, something that will
be discussed later on.
The knowledge economy is not a ‘service’ economy as was initially predicted by many who imagined it
as the natural successor of the industrial society—with the attendant concerns for lower wages. While services
are more important than ever in the US today, they are not menial services such as waitressing or fast -food
cooking or serving as initially thought. The services of the Knowledge Society are also based on knowledge,
and the knowledge-intensive sectors of the economy tend to be better compensated and involve higher levels of
education than the rest—this includes medical services, ITC and financial services for example.
As the knowledge revolution advances within an economy, a dichotomy emerges between ‘resource
based’ sectors—which are the sunset sectors of the economy—and ‘knowledge based’ sectors that are the
sunrise sectors of the economy. Fossil fuels continue to be a most important input of production in resourcebased sectors such as transportation, construction, machine tools, white goods, automobiles, and mining, while
in the knowledge based sectors of the economy fossil fuels are less important as an input of production, and the
widespread availability and competitive cost of ICT processing and communication—now the most important
input of production—determines the level of economic progress of a nation. Fossil fuels are now replaced by
information technology as the most important input of production.
The sunrise sectors today are knowledge intensive: Biotechnology, telecommunications, financial
markets, health services and entertainment. Today ten times more Americans work in biotechnology than in the

entire machine tool industry. More Americans make semiconductors than construction machinery. 463 The
telecommunications industry in North America employs about the same amount of people than the auto and the
auto part industry combined.464 The US health and medical industry alone has become larger at 18% of GDP
than defense, and also larger than oil refining, aircrafts, auto, auto parts, logging, steel and shipping put
together. Consumers now spend more on home electronics than on new cars: $162 billion in electronics
compared with $97.5 billion on purchase of new cars.465 American consumers spent $105.6 billion in home
computers, TVs DVD players, stereos and musical instruments in 2001.466
Productivity is driven by knowledge sectors. According to the Federal Reserve Board, US industrial
production in 1997-98 increased at a strong 4.1% annual rate, 4.4% during 1996. Take away computers and
semiconductors and the rate drops to 2.2%. The trend continues. According to the Federal Reserve Board, US
industrial production from 2003 to 2007 grew at an average of 2.2 % growth per year,467 but most of the
industrial production during this period can be attributed to high technology industries such as semiconductors
and related electronic components as well as computers. Excluding these high tech industries the rates of
growth during this period dropped to 1.2%.468
The phenomenon started before the turn of the century. In 1998, the new economy started to hit
home.469 Increases in personal spending of key old economy items were on average 0.9%: motor vehicles,
0.3%; food, 0.6%; major appliances, 1.1% and clothing, 2/3%. By contrast, key new economy items increased
an average of 12.5%: home telephone services, 8.8%; entertainment and recreation services, 12.4%; cable TV,
463
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13.4% and brokerage and other financial services, 15.6%. The examples provided above illustrate a clear trend:
economic growth is overwhelmingly biased in favor of the new economy sectors, and therefore most of the US
GDP will soon be in knowledge sectors rather than in agricultural or industrial sectors. As knowledge becomes
a more important determinant of economic growth, the various forms in which a society creates knowledge
acquire a direct practical importance in the economy as a whole. For example, college enrollment is a clear
indicator of GDP per capita, and the analysis shows that across nations, these two variables increase together.

Figure 9.2—World Bank data
The unambiguous conclusion that more schooling leads to more income is relatively new. College
enrollment had a negative or ambiguous relationship to income in 1977 according to the American economist
Zvi Griliches.470 Yet now college enrollment unambiguously increases GDP. It turns out that college scores in
Mathematics and the Sciences in 27 nations are also positively correlated with the overall economic progress of
nations:

“(iii) when schooling is treated symmetrically with ability measures… the conclusions are reversed. The implied net bias (of
cshooling on income) is either nil or negative…” Griliches, Z (1977) in “Estimating the returns to schooling: Some economic
problems”, Econometrica 45, 1-22.
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Figure 9.3—World Bank data
The knowledge revolution is a clear trend in the US: the proportion of economic activity that takes place in
knowledge sectors has increased with economic progress:

Figure 9.4—US Bureau of Economic Analysis 2012 data
A direct way to see the impact of the Knowledge Revolution on the global environment is to measure the
correlation between knowledge sectors as a % of GDP, and total material requirements in the USA over time in

the period 1981-2005—and also the total material requirement per $1,000 of GDP in the USA in the same
period:

Figure 9.5—World Resource Institute; Bureau of Labor Statistics

Figure 9.6—US Bureau of Economic Analysis; World Resource Institute
As the knowledge sector expands in the US economy we observe that its use of materials and therefore natural
resources, is decreasing:

Figure 9.7—US Bureau of Economic Analysis; World Resource Institute
In the US as in the rest of the world, as the economy expands its knowledge sector proportionately expands as
well:

Figure 9.8—World Bank data; US Bureau of Economic Analysis 2012 data

As a result, the total material requirements of the US economy per unit of GDP have decreased as the US
economy expands. Each unit of GDP uses fewer materials now a phenomenon that is sometimes called a
“dematerialization” of the economy. It is a real phenomenon and it is occurring in front of our eyes:

Figure 9.9—World Bank; World Resource Institute

As one would expect, the level of emissions of carbon dioxide is lower in the knowledge sectors of the US
economy. Therefore, as the knowledge sectors expand as a proportion of the economy, we can expect to emit
less CO2 and the impact of the economy on the environment will be lessened. The total material requirements
of the knowledge economy are much lower than those of the industrial economy. Per unit of output, there is
much less use of resources in the knowledge sectors of the economy than in the traditional industrial sectors. As
the knowledge economy progresses, more and more economic output is knowledge-intensive as opposed to
industrial—and therefore it is much less resource-intensive. (SO, ALL THIS IS ANOTHER FACTOR IN WHY
WE HAVE TO LOOK ESPECIALLY TO THE INDUSTRIALIZING DEVELOPING COUNTRIES AND
PROVOKE REDUCED USE OF RESOURCES THERE? NOT TO SAY THAT YOU IMPLY OUR
CONSUMPTION/EMISSION IS NOT STILL PROBLEMATIC. We are not turning into a waste disposal
society—we are turning into a society where each unit of output produces less waste. The real question is

whether we are doing this fast enough to make a real difference on the environment—a big question mark—and
only time will tell.

Figure 9.10—US Bureau of Economic Analysis 2012 data; US EIA data
(I DON’T TAKE IN THE FOLLOWING SENTENCE; The figures presented above indicate broad
economic trends. But the phenomenon of the knowledge revolution and its reduced environmental footprint can
be observed in practice in the production of some major manufactures as well, who decided to do more than
reduce waste and clean up pollution.) These are manufacturers who are developing products that make it
profitable to be environmentally friendly. The following Box illustrates:
Leading the Way to Eco-friendly Profits
• Dupont has co-developed 3GT, a bioengineered polyester fabric made from cornstarch that is lower in
cost than oil-based polyester and can be recycled indefinitely
•

SONOCO has created a rectangular ‘paper can’ for Lipton Iced tea that is 70% recyclable

•

3M has developed a plastic coating for the navy to replace paint on trucks, ships and trains. It is lighter
than paint, which leads to greater fuel efficiency

•

S.C. Johnson reformulated roach killer converting from solvent-based to a water—based formula

•

Electrolux environmental products including solar powered lawn mowers, chain saw lubricated with
vegetable oil, and water saving washing machines, generated 3.8% higher profits last year than the
company’s conventional products.

•

TOYOTA introduced a successful hybrid car that gets 66 mph on a combination of gasoline and
electricity

•

GC Ecoimagination campaign

•

A. Finkl and Sons a Chicago Steel forger, recycles more than 95% of its solid waste and gas cut its
energy use by 34% over 10 years, making it one of the most efficient forgers in the world

•

British Petroleum has invested $160 million in developing solar energy and built a completely solar
powered Olympic village for the 1998 Summer Games in Australia.
Industrial societies are the most intensive in the use of energy and raw materials—as history has

shown—so this (DON’T GET WHAT YOU ARE REFERRING TO HERE: “leapfrogging” of stages of
development in developing nations) is crucial to achieve economic progress while avoiding the worse
consequences of industrialization. In addition to the examples provided above, many developing nations have
started on the way of the Knowledge Revolution—including some that are still largely agricultural and have not
completed their industrial revolution.
The developing world can leapfrog and avoid resource-intensive industrialization.471 The successful
Asian Tigers relied on technology exports, such as consumer electronics, to achieve rapid economic progress. In
the last twenty years, India developed a highly successful software industry in Bangalore, benefitting from its
superior education system particularly in engineering, leading it to become the largest software exporter in the
world with over $20 billion in exports annually to about 36 countries—one of the most dynamic in the world.
China has become the largest exporter of IT in the world, with about 14% of the world’s exports.472
The other side of the phenomenon is that developing nations have directed their highly educated labor
forces not just into technology sectors that require the highest level of technical skill but also toward
“outsourced” jobs, including labor-intensive services such as “call centers” that are used by all major airlines
and banks in the US and the rest of the world. This development concerns US policy makers and the US public
as a whole. The phenomenon extends to managerial skills as well—indeed in recent years nearly one third of
the new technology companies in Silicon Valley have been headed by Indian or Chinese executives. 473
Knowledge-intensive growth is here today. It is here in industrial nations and in developing nations. It is
here to stay—and it is the future. The knowledge revolution, as we saw, has the ability to generate economic
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progress while at the same time it limits our impact on the environment. The trend is global, and it certainly
takes us in the right direction. But time is not on our side.474
The main question presently is, “how to achieve the global transition to the knowledge revolution with
minimum cost?”
YOU DESCRIBE THE PHENOMENON OF THE KNOWLEDGE REVOLUTION REALLY WELL
AND HOW IT DIFFERS FROM AG AND INDUSTRIAL REVOLUTIONS (CAN “KEEP AND SELL
PRODUCTS”) AND SOME SENSE OF EFFECT ON RESOURCE USE,, ETC. I GUESS IS EXPECTED
MORE, AS I READ ALONG, ON HOW THE KNOWLEDGE WAS GOING TO BE TRADED, HOW SHIFT
TO INTELLECTUAL PROPERTY RIGHTS ETC WAS GOING TO TRANSFORM CAPITALISM (I GET
THAT IT WILL ERASE CAPITALIST/SOCIALIST CONTRAST). WISH THERE WERE MORE ON THIS
CHAPTER ABOUT LONG-TERM ECONOMIC EFFECTS OF KNOWLEDGE REVOLUTION. JUST A
THOUGHT. THIS IS FASCINATING STUFF. WHAT ABOUT PRIVATE COMPANIES LIKE GOOGLE,
ETC THAT SEEM TO EXIST TO DEFEAT NOTIONS OF INTELLECTUAL PROPERTY RIGHTS, ETC?)

Chapter X
The New Capitalism
Markets drive capitalism, and global markets drive global capitalism. The influence of the market on the
world is pervasive and spills over far-reaching and seemingly unrelated areas such as the use of the global
resources, the creation of new technologies and the global environment. We showed earlier that global markets
magnify the use of natural resources such as fossil fuels that can cause global warming. This chapter takes the
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matter forward to its logical and natural conclusion. We anticipate critical changes in the market institution
itself during the 21st century, and discuss the new type of capitalism that this will bring about.
Global markets are at the core of the climate change crisis. Similarly, we have seen that opening a
developing economy to international resource markets leads to more inequality at home and magnifies the
global divide.475 The negative impact of international markets on domestic distribution of income is connected
to exports of natural resources. We saw that developing nations specialize in exports of natural resources that
are seriously underpriced in international markets due to historical differences in property rights regimes
between the two groups of nations, the industrial and the developing nations. The negative role of markets on
the global environment and on the mal distribution of wealth between the poor and the rich nations has led
many to decry globalization as evil and to view the greed that drives markets and capitalism as the source of the
world’s environmental problems and the gap between poor and rich nations. The characterization is somewhat
extreme, but to some extent the argument is correct. The globalization of capitalism and the profit-motive that
drives global markets have been important protagonists or silent accomplices in the main environmental
debacles of our times, and have caused in many ways an enormous inequality of wealth that prevails across the
world economy.
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Figure 10.1—World Bank: WDI & GDM 2010; Angus Maddison, “Historical Statistics of the
World Economy: 1-2008 AD”.
The role of markets is starting to change. The change is subtle but it is profound and it may
paradoxically reverse the negative effects of markets on the global environment and on the distribution of
wealth. New types of markets such as the carbon market of the Kyoto Protocol could help avert serious
environmental problems such as global warming. Indeed, in the two years since it became international law the
Kyoto Protocol CDM was able to distribute $50 billion in clean and productive investments in developing
nations—an achievement that is unmatched by all other major international agreements or even well-meaning
policies of the United Nations, the World Bank and the private sector.476 SOMEWHERE IN THIS BOOK, I
WOULD LIKE TO SEE SPECIFIC EXAMPLES OF THE TYPE OF PROJECTS, ETC THAT THE KYOTO
PROTOCOL HAS INSTIGATED By contrast, so far, international aid has failed to deliver.477
The SO2 market that has successfully traded in the Chicago Board of Trade for 20 years is credited with
having resolved effectively and in a short period of time the excessive emissions of S02 that cause acid rain, and
has helped implement the Clean Air Act.478 To rationalize the use of water in what is a crisis situation, UNEP,
and the UN Biodiversity Convention are currently considering market mechanisms similar to the Kyoto
Protocol Carbon Market for biodiversity and ecosystem services.479 CAN YOU SAY MORE ABOUT THESE?
THIS IS INTERESTING AND SOME EXPANSION COULD BE INTERESTING. These are early signs of an
unexpected reversal in the role of markets that could lead to a transformation of the global economy that is so
pervasive that could be called a new capitalism.
The new types of markets that are emerging in the 21st century trade different types of goods—global
public goods such as knowledge or environmental assets that are produced by private individuals. Because they
trade public goods, they function differently from the standard markets that prevailed until now. And since the
goods are privately produced, their supply is better handled by market forces rather than by government policy.

September/December 2007, p. 9 to 23, and G. Chichilnisky “Terms of Trade and Domestic Distribution” and North South Trade and the Global
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The new types of markets, by their own structure, could change the dynamics of capitalism. The result
would be a new form of capitalism that brings hope for a more harmonious relationship between nature and
human society, and enhanced cooperation among the market traders. This is almost the opposite of what has
been observed until now, and could be a welcome and surprising new development. Why is this happening, how
can we understand the transition, and how can we benefit from it?
Markets for public goods—such as the carbon market—emerged to correct excesses in consumption of
the 20th century—the use of fossil fuels. Others, such as markets for knowledge-based goods, produced mostly
on the basis of knowledge, such as software licenses, the use of web based communication services such as
Skype or information services such as Google, have emerged in the Knowledge Revolution as was discussed in
the previous section. In all cases, whether trading environmental assets or trading knowledge-based goods, the
situation is the same. These new types of markets trade goods and services that are produced using privately
produced public goods. These new types of goods give rise to a new type of market that was not traded ever
before.
The trading of such goods, as in the carbon market, creates new and challenging issues, because it
creates close links among the traders, links that do not exist in standard markets for private goods such as land
in the agricultural economy or capital in the industrial economy. The key difference is that while private goods
can be chosen freely and independently by each consumer, there is a close connection between the traders in the
new types of markets.480 I THOUGHT YOU HA SAID PREVIOUSLY THAT THERE IS A CLOSE
CONNECTION BETWEEN TRADERS IN EXISTING MARKETS, NO?
Two prominent examples of global public goods just provided—knowledge–based goods and the
concentration of carbon in the atmosphere (also called a ‘public bad’)—are different from the traditional public
goods such as law and order or the armed forces, which are supplied by national governments. The latter are
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traditional types of public goods that economists have studied for decades. Not so with the new types of public
goods that are produced by individuals in the normal course of their private lives.481 Carbon emissions are
produced by consumers heating their homes or by producers using energy to run their businesses. These
activities are private and cannot be easily controlled by governments. The supply of these goods is normally
controlled by individuals and is best left to market forces. This is quite the opposite from traditional public
goods such as roads and the armed forces, whose supplies are decided by governments.
Although global public goods are in principle available to everyone on the planet in the same amount,
their impact can be quite different on different people or nations. Some regions will suffer more from global
warming than others—high seas affect the city of Miami and La Paz differently, since they have quite different
altitudes. The impact on island nations such as the Maldives and Bangladesh can be devastating. The impact on
North America could be significant since 40% of the population of the US lives within 100 km of the coast.
And of course the dollar value of US real estate assets are much higher, making the climate change exposure
enormous—As said, Miami has the largest exposure among all cities in the world with $3.7 trillion in real estate
at risk from the rise in sea levels.
But the (I HAVE FORGOTTEN EXACTLY WHAT THIS MEANS: traditional zero sum logic) breaks
down in the case of public goods such as knowledge or carbon concentration. (THIS IS BECAUSE YOU CAN
SELL AND KEEP THESE GOODS AT THE SAME TIME, YES?) Although we can and do invent institutions
to exclude others from using a piece of knowledge to gain an advantage, in physical terms everyone could in
principle share the same piece of knowledge. (CRUCIAL: I do not claim that it is always profitable to offer free
use of software or free use of knowledge products. Obviously that would not be true. Nor do I claim that it is
always desirable to provide free access to environmental assets—such as the planet’s atmosphere—for poor
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I choose to emphasize here one aspect that is particularly important in practical terms – that the actual concentration of the CO2
gas in the atmosphere is the same everywhere in the planet. The same is true with the world’s stock of knowledge, or the world’s stock of
biodiversity: for physical reasons, they can be shared by all without anyone losing it. Obviously some people benefit from knowledge more than
others, some have more ‘access’ to the public good than others. The differences in access arise from social institutions that we create for trading and
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markets for private goods and markets for privately produced public goods. In physical terms, private goods such as machines and oranges can be
produced in different quantities in different nations, and are always rival in consumption. If I consume an orange nobody else can. Similarly a
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nations. This is not what is being claimed here. The claim is that it is possible to do so in some cases, and that
this possibility by itself never existed before as the entire market economy was based on the use of private
goods such as land and capital, which are ‘rival’ in consumption. As the new main inputs of production,
knowledge and environmental assets (THAT CAN BE USED BY EVERYONE?) are different from land and
capital, they open up a wonderful world of possibilities that were not available before. When knowledge and
environmental assets become the main inputs of production in the world economy, as I believe is starting to
happen right now, a new road opens up for capitalism. What I mean is that I can share my knowledge with the
reader without losing it. This is at least possible with knowledge—but it is completely impossible with standard
private goods such as apples, machinery, houses, etc. The possibility of sharing goods without losing them
changes the welfare calculus. It diminishes the importance of competition. This makes the Knowledge
Revolution fundamentally different from the Agricultural and Industrial revolutions.
A remarkable point that I want to emphasize here is that there are many situations when a business could
actually benefit from sharing freely a public good that it produces: it could indeed achieve higher profits.
(I DO NOT GET THIS EXPLANATION AT ALL: One way to see this is to focus on mass products,
such as publicity based on email or other network services that have ‘strong economies of scale’, which is
typically the case of knowledge-based products. When producers profit from producing and selling in very large
scales, because the average cost of production decreases with the scale of production, sharing freely the use of a
product or service could be profitable for the producer—it may lead eventually to increased network effects and
increased profits. DO YOU MEAN SOMETHING LIKE THE NOTION THAT IT IS PRODUCTIVE TO
GIVE AS MANY PEOPLE AS POSSIBLE FREE ACCESS TO EMAIL SO THAT YOU CAN SELL
ADVERTISING TO COMPANIES EMPHASIZING THE SIZE OF YOUR AUDIENCE? This was
demonstrated elsewhere in my published work.482 Think of the first versions of the well-known email
communication software that Qualcomm distributed freely for several years. This increased the size of the
market for Qualcomm’s products, allowing it to sell more copies of later versions of the product. SO, YOU

true that the more I have the less someone else will have, and vice-versa. Land and capital are private goods, and they determined who could produce
and how much in the Industrial and the Agricultural societies.
482
See Griliches 1979 and 2000, op. cit and Chichilnisky “Networks Evolution and Coalition Formation” op.cit.

INTRODUCE THEM AS FREE AND GRADUALLY, AS PEOPLE FIND OUT ABOUT THE SERVICES,
YOU BEGIN TO CHARGE? Yahoo and Google achieved the (DON’T GET THIS: same effect/what effect? I
think you have to say how they translated all the free users into profits. by offering their email services for
free—while AOL initially charged for email services and was eventually forced to offer them free. Email
services create a powerful network of users who, although they were offered the “product” for free, eventually
become the basis for profits to the users. HOW? JUST BY THE FACT THAT THE EXPOSURE LED TO
MORE USERS, AS WAS THE CASE WITH SOFTWARE? THESE EMAIL AND SEARCH SERVICES
NEVER BEGAN TO CHARGE, DID THEY? THEY CHARGED ADVERTISERS AND OTHERS WHO
WANTED TO REACH THEIR AUDIENCE. This situation is, by no means, unusual and it is not new either.
Newspapers, which are knowledge-based products, are often distributed for free initially—for example this was
the strategy followed by USA Today, now a commercial newspaper. In many cases a producer distributes freely
software of IT services to increase profits later on. It is a typical situation with knowledge products such as
software, and it applies to many other products that are knowledge-based. Knowledge products typically show
economies of scale. Developing a piece of software can cost billions but once developed each extra unit sold is
essentially costless to the producer, so average costs go down rapidly and the producer gains enormously by an
expanded market. More generally, all knowledge-based products have strong economies of scale because
knowledge has the physical properties of a global public good: replicating the knowledge content of a product,
once produced, is generally free. A new medicine to fight against cancer may cost billions to create, and yet any
additional vial of it is basically free. In such situations, the producers profit so much from larger markets that
they can increase their profits by offering an initial version of the software for free, as mentioned above, in
order to increase the size of their market.
Another version of the same phenomenon is when a producer enlarges the market for its products
through a policy of charging significantly lower prices for lower income consumers. This is similar to what was
traditionally called “price discrimination” and the strategy is the same: charging lower prices to low income
consumers can increase market size enough to lead to higher profits, because of economies of scale. A case in
point is the hardware that is produced by Sun Microsystems, a well-known company that publishes a different

price list in different nations, depending on their GDP. Nations with lower GDP pay less for the same products
than nations with a higher GDP. Indeed, offering poor nations lower prices makes commercial sense for Sun
Microsystems. It increases its profits by creating markets where none would otherwise exist. USING FREE OF
LOWER-PRICE PRODUCTS, THEY CAN CREATE A MARKET FOR MORE OF THEIR PRODUCTS AS
TECHNOLOGY ADVANCES AND MORE PRODUCTS ARE INTRODUCED. Knowledge-based products
all share the same characteristic: products that use knowledge as an input have strong economies of scale
because knowledge is expensive to produce initially, so the first units produced are much more costly than the
rest. But replicating knowledge is basically free. Land and capital cannot be replicated for free. SOMEWHERE,
I NEED TO UNDERSTAND MORE OF THE IMPACT OF THIS, BESIDES THE FACT THAT IT
DECREASES OR TAKES AWAY COMPETITION.
An analogous situation arises in the case of the carbon market, where offering to poor nations free use of
the planet’s atmosphere to emit CO2 can benefit industrial nations by facilitating the growth of larger markets
for their exports of industrial goods and services. BECAUSE THE ECONOMIES WILL IMPROVE AND
PEOPLE WILL HAVE MORE MONEY TO SPEND, ESSENTIALLY? This insight has led to the so-called
First Welfare Theorem of Markets with Privately Produced Public Goods483 (THIS IS SO CRUCIAL AND I
NEED TO TAKE IT IN: establishing that, in economies with private goods and public goods, to achieve Pareto
efficient allocations, more property rights on the use of the global public good should be assigned to those who
own fewer private goods.484 EXPAND THIS A BIT/ MORE EXPLANATION REQUIRED OF PREVIOUS
STATEMENT. THEY HAVE TO TAKE THIS IN. YOU ARE SAYING THAT IN THE NEW WORLD OF
PRIVATE/PUBLIC GOODS, IT IS NECESSARY, IN ORDER TO ACHIEVE THE LARGEST, MOST
PROFITABLE MARKET, IT IS NECESSARY AND EFFECTIVE TO GIVE THEM TO THOSE LEAST
LIKELY TO AFFORD THEM? IT’S THE WAY THE COMPANIES PROFIT IN THIS NEW SYSTEM
THAT HAS TO BE EXPLAINED AND CLARIFIED MORE. THAT’S THE MISSING PIECE, I THINK.
This theorem contrasts starkly with Adam Smith’s invisible hand theorem, the First Theorem of Welfare
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Economics, which establishes that under any distribution of property rights, the market solution is always
Pareto efficient.485 A simple way to see this is to observe that once produced, knowledge can be shared without
losing it. Therefore there is an incentive to increase total welfare WHILE MAXIMIZING PROFITS? by sharing
knowledge with those who cannot afford it, at no charge—and the sharing in no way diminishes the welfare of
others. This is a clear example of how markets with private goods differ from markets with public goods.486
The main point is that in markets with public goods there are redistributive policies that simultaneously
improve efficiency and equity.487 One can say that there exist ‘win-win’ strategies when trading public goods,
namely policies that benefit everyone, THAT IS, BOTH “SELLERS” AND THOSE WHO BUY WHO
RECEIVE THESE PUBLIC GOODS. (These are generally called Pareto improving reallocations.) (CLARIFY
THIS FOLLOWING STATEMENT/I DON’T QUITE TAKE IT IN: When trade takes place (WHAT?among
generations,) the public good aspect assures that there are reallocations of resources—for example expenditures
in averting global warming—that can benefit the present as well as future generations. It means that one should
use ‘negative discount rates’ (DOES THIS INVOLVE GIVING THE GOODS AWAY FREE OF CHARGE?)
for evaluating such projects;488 see Figure 10.2 below. This is not possible in markets for private goods, where a
market solution is always efficient, and therefore any redistribution makes someone worse off. In particular, any
redistribution away from the market solution towards the future is always at the expense of the present. In
private goods markets the discount factors are always positive. AND LONG-LASTING?
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Figure 10.2—
Negative Discount rate figure from Duncan Foley’s article “The Economic Fundamentals of Global
Warming” 2007.

In the current situation we should take advantage of the win-win solutions that exist in markets for
public goods, which are emerging across the world economy due to the Knowledge Revolution and the global
environmental problems that we face. I anticipate that the win-win solutions described here will prevail in the
world economy, and will be significant as markets for knowledge and environmental assets become widespread
in the future world economy.489 SO, BY THE TIME, THE PRODUCERS HAVE THEIR MARKETS AND
WANT TO START CHARGING FOR GOODS OR INCREASE PRICES FOR GOODS, THE POORER
NATIONS WILL HAVE DEVELOPED ENOUGH, AS A RESULT OF THE PRODUCTS AND
KNOWLEDGE, SO THAT THEY CAN PAY FOR THEM. IS THAT THE LONG-RUN?

489

Indeed, the negotiators of the Kyoto Protocol recognized the possible gains of offering a preferential treatment for poor nations
in their real life negotiation, and they did. The lead negotiator of the Kyoto Protocol, Ambassador Raul Estrada Oyuela, was a lawyer and did not
like the market approach that I had proposed for reducing world emissions. Indeed, most lawyers prefer fixed quotas without market flexibilities and he was no exception. Yet when Raul Estrada was faced in December 1997 with the inability of reaching an agreement on quotas, as it was his job
to do, following the so called COP Berlin Mandate, he realized that the market approach could save the day. Despite his antagonism to markets, he
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Protocol to succeed. When Estrada saw that the negotiators would agree to limits on emissions if such a win win approach was followed - he
capitulated. Jean Charles Hourcade, then leading the French delegation, called me in at 10 pm of December 1997 to write the crucial words. This is
how I introduced the carbon market into the Protocol, how I wrote the words that made this possible at 10 pm on December 10, 1997. The carbon
market saved the day – it made the Kyoto protocol possible. And in writing the words that gave life to the carbon market into the protocol we created
a completely new type of international agreement – an agreement that, for the first time in history, is based on the creation of a global market
mechanism: the carbon market. The decisive factor in allowing such win-win solutions is that the environment is a public good. And the Kyoto
protocol thus exemplifies the new and increasing importance of knowledge and environmental assets in today’s world economy.

When knowledge and environmental assets become the main inputs of production in the world
economy, as I believe is starting to happen right now, a new road opens up for capitalism. SAY MORE ABOUT
“THE NEW ROAD” AND THE LONG-TERM IMPACTS. TAKE THIS FURTHER INTO THE FUTURE
AND TELL ME MORE ABOUT THE ENSUING CHANGES. The results are only now becoming visible in
the ICT service industry and in the new environmental agreements, where new and different policies are
available today. The change is starting to happen in front of our eyes. 490
The perspective is alluring and hopeful—but it has to be moderated by a sense of reality. All of this can
and may indeed occur. But it requires that we make it happen. For this we need to understand the opportunity as
well as the challenge ahead of us: what is happening today and why, the difficulties involved, and the
possibilities and the need to overcome the global divide. The best way ahead is to explore the evolution of
markets until now, and to show how this evolution has created the conditions for its own change. WELL, IN
DISCUSSIONS OF GLOBALIZATION AND USE OF NATURAL RESOURCES AND ENVIRONMENTAL
IMPACTS, WE DEFINITELY SEE HOW THE MARKETS HAVE CREATED THE CONDITIONS THAT
LEAD TO NECESSITY OF THEIR TRANSFORMATION.
The following chart illustrates the status of ecosystem services in the world today, and exemplifies the
need to introduce new market mechanisms similar to those of the Kyoto Protocol to help conserve these
valuable services.
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Markets with public goods link efficiency and equity in ways that is not possible with private goods. A classic result in environmental
economics, Coase’s theorem, established that distribution – that is, the allocation of property rights for environmental assets, for instance who has the
right to emit particulates - does not matter for efficiency. Coase established that market efficiency is divorced from equity considerations
(references). With private goods, such as particulates suspended in air, this is entirely correct. But in markets with public goods the situation is quite
different: initial property rights do matter for efficiency. This is a challenge, it requires that certain initial allocations be used before markets can
achieve efficiency. But new opportunities emerge from this challenge, as we saw above. And the growing importance of the new types of markets
could change the world economy - helping to overcome the global divide between the rich and the poor nations and could perhaps lead - for the first
time - to the universal satisfaction of basic needs.

Figure 10.3—
Ecosystem services and their status across the world, UN Millennium Ecosystem Assessment, “Ecosystem
and Human Well-Being: Biodiversity Synthesis” 2005.
In sum: the carbon market is a typical example of a more general phenomenon that I anticipate will
become typical in the 21st century. The phenomenon is the emergence of markets for goods that are properly
described as global public goods, because by their own nature they are available in the same amount to
everyone on the planet. Biodiversity is one of them, SAY MORE ABOUT BIODIVERSITY. carbon

concentration is another. Here every nation—large or small, rich or poor—has a major impact on all other
nations. (THIS IS REPETITIVE, BUT I THINK IT IS OKAY. For the first time in history, US can suffer
trillions in losses due to Africa’s decision to emit CO2 and cause global warming, using its own resources. Until
now my standard of living was unaffected by that of the Africans. Now we are tied together in a global knot.
This is truly one world for all. This situation is totally new in history. AND IT MAKES FOCUSING MORE
ON THE SITUATION OF DEVELOPING NATIONS MORE CRUCIAL THAN EVER BEFORE, YES? It
makes market functioning more difficult than before. But at the same time, it is conducive to unexpected
benefits of cooperation, and creates positive links between equity and efficiency that was discussed above.
Since human societies now dominate the planet for the first time, our century will increasingly face
needs to define global quantities for global public goods. The allocation of these property rights is a terribly
important and timely issue. Without well-defined property rights there can be no markets.491
GREAT: But it would be inappropriate to deduce that the allocation of global property rights on natural
resources across the planet is an impossibly difficult task. It is easier to allocate rights of use on resources that
have no property rights until now, than to redistribute existing rights. For example, in Washington DC one can
readily observe the routine allocations of rights to use the airwaves, the so called ‘spectrum’, to
telecommunications companies. And there isn’t much disruption or conflict. This also happens across the entire
American continent and in the EU as well. The point is clear; allocating rights to items that did not have user
rights before can be much easier than to re-allocate them among existing owners. TALK MORE ABOUT THE
PLACES/MARKETS WHERE RIGHTS WILL HAVE TO BE ASSIGNED.
The new markets for public goods allow more cooperation and sharing than was ever possible before.
The crisis and potential catastrophes that we face today—such as global warming—involve us all, and
redistribute power because they can cause irreversible and very costly damage across nations in such a way that
they induce cooperation. The hope is therefore not misplaced. Many new markets will emerge and with them a
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more benign version of capitalism that induces cooperation among poor and rich nations, and a more
harmonious relationship between humans and nature. This anticipates the end of the global divide. DO YOU
NEED TO BRING IN MORE ABOUT SATISFACTION OF BASIC NEEDS AT THE END HERE? (George
it was there and you cut it off – now it is in the following material, which is the conclusions)

Chapter XI
Conclusions: Basic Needs the Carbon Market and the Paradox of Knowledge
The second part of the 20th century was a period of unprecedented growth and prosperity for a small part
of the world’s population, and of hardship and abject poverty for the majority who live at the brink with less
than $2 per day. The global divide between rich and the poor nations expanded rapidly while international trade
between poor and rich nations mushroomed following the creation of the Bretton Woods institutions after
World War II. In a world economy dominated by the United States, the voracious consumption of natural
resources by the rich nations was fueled by the extraction of developing nations in pursuit of a mirage of exportled economic development based on the exploitation of natural resources. Rapidly expanding trade in resources
between the poor and the rich nations led to global poverty and underdevelopment, as well as to global
environmental abuse. Today we face the risks of catastrophic climate change and unprecedented biodiversity
destruction. Latin America and Africa continue to follow a resource-intensive export-led path. Only the Asian
nations that avoided resource-intensive exports escaped this dire destiny. They were able to grow, becoming
development success stories at the end of the century. Yet as China, India, the Asian Tigers and the Little Tigers
are starting to flex their economic muscles they could themselves become the most voracious consumers of
resources in the future, and contribute to climate change. The only hope to avoid the risks of globalization is to
achieve a pattern of economic development that is not intensive in the use of the earth’s resources.
The turn of the 21st century saw the emergence of a new type of market institution that offer a ray of
hope for the world economy. In the Kyoto and the Montreal Protocols, the nations agreed on limits on the use of
the world’s natural resources and, in the former, the creation of market mechanisms that produce incentives for

worldwide. Even today Bolivia’s recently elected president, Evo Morales, the first indigenous president n the American continent, faces enormous

resource conservation and clean technologies. Kyoto Protocol’s carbon market offers a ray of hope to change
radically the pattern of development in rich and poor nations. Its Clean Development Mechanism offers a way
to make profits while transferring clean technologies to developing nations. This transfer could allow
developing nations to adopt a completely different form of economic development based on clean energy and
clean technologies, which we called ‘leapfrogging.’ Based on this, and the emergence of knowledge-based
patterns of development, the world economy could be reoriented towards a new type of capitalism that is based
on new types of markets. These are markets that involve trading goods based on knowledge, or environmental
assets.492
While some extreme critics of globalization suggest that property rights are somehow antithetical to
human rights, Article 17 of the Universal Declaration of Human Rights states that ‘(1) everyone has the right to
own property alone as well as in association with others; (2) no one shall be arbitrarily deprived of his
property’. In addition, there are many instances in which efficient allocation of property rights is a necessary
precondition to, although not a guarantor of, the effective attainment of human rights. For example, while it
might appear to be morally and politically desirable to speak of the common heritage of mankind in relation to
such resources as air and sea, it has long been understood that communal ownership or at least open access, will
tend to lead to over-exploitation and a disincentive to efficient use.
When a property rights solution is adopted or contemplated, this should remind us that property is a
social institution supported by a particular state or a global legal regime. A government allocates property rights
as one of a range of means to regulate its society’s control over resources, understanding the notion of resources
in the broader sense to include land, sea, air, commodities, artistic and commercial works and inventions.
Because property is in part a legal construct, where appropriate a regulator is able to create a number of discrete
legal property rights that relate to the one physical asset. More fundamentally, property and property law rights
can be looked at as a means of regulating the relationships between people as they relate to various things.493

disruptions and political conflict from his attempt to execute some form of land reform in that small and poor nation, one of the poorest in the world.

Nevertheless, the insight from economics is that in many cases, the mere absence of property rights can be
expected to lead to undesirable outcomes. Regulators should thus consider how a property rights solution might
benefit certain policy goals.494 These new types of public goods have mixed characteristics: they are private
goods in the sense of production—following the same profit-driven incentives as private goods—but they are
public good in consumption, because they lack ‘rivalry’ consumption. Knowledge is perhaps the most extreme
example: it is generally privately produced, for profit reasons, but it is not ‘rival’ in consumption in physical
terms. Knowledge is a great example that illustrates well the problem that emerges when seeking to allocate
rights of use, a problem I call the ‘paradox of knowledge’.
What is the ‘paradox of knowledge’? I have coined this term to reflect on a somewhat paradoxical fact:
that before knowledge is produced one needs some restrictions on its use to ensure that producers have an
economic incentive to create it, but after knowledge is produced, any restriction on its use is inefficient—
because can be distributed universally essentially at no cost.495
Think of the distribution of a vaccine for malaria or for aids. There is a minimal cost of production of an
extra unit and therefore free distribution can make many people better off at zero or almost zero cost to the
producers. But the real cost in a vaccine are the ‘fixed costs’ of R&D needed to create the vaccine in the first
place—the knowledge—and these can be in the billions of dollars. It would be self-destructive to eliminate all
commercial interest in discovering a vaccine for AIDS, by enforcing universal free use. Yet after the vaccine is
discovered, and the R&D cost is sunk, it would be inefficient—it could be immoral—to restrict its use for lower
income people whose survival could be at stake, since the costs involved are minimal, or even null. The
situation is quite general, and it extends to a number of important knowledge-based products. Without any
restrictions on the use of knowledge, producers cannot benefit from creating it—leading often to
underproduction. This was the case in the Soviet Union, which had an excellent scientific basis and yet found it
very difficult to innovate, or China and Japan who have little enforcement of intellectual property rights leading
them to very limited innovation in knowledge goods such as software. In a nutshell—what I call the paradox of

knowledge refers to the fact that before producing knowledge some restrictions on its use are needed—while
after knowledge is produced, any restriction on its use is inefficient.
The paradox emerges, of course, because of the need to treat knowledge as a private good in its
production, and as a public good in its consumption. The combination of these two contrasting properties—
which is the critical characteristic of knowledge—is what creates the ‘paradox of knowledge’ in the first place.
The contradiction seems to lead to an impossible situation and many argue that patents that are awarded for a
limited term are a partial solution of this almost impossible dilemma.
Yet I have argued elsewhere that this is not the case, and suggested other property rights regimes that
work better than patents and can overcome the knowledge paradox496 leading to efficiency in production as well
as consumption. How do these work?
The new type of regime for property rights I created to resolve the paradox of knowledge497 can also
achieve efficient market allocations in a wide range of markets trading other privately produced public goods,
such as environmental assets. The regime for property rights on knowledge presented here is different from any
other system used in the world today,498 but its principles are simple and it can overcome the paradox of
knowledge.
Here are the principles or ‘rules of thumb’ that I recommend for a new type of property rights regimes
that is adopted. These practical rules of thumb can accelerate the introduction of new types of markets that trade
public goods: (i) identify the origin of the piece knowledge at stake, namely ownership, (ii) require universal
access to knowledge, (iii) require a payment to the owner whenever the knowledge is used (such as a license
fee), (iv) ensure that prices are determined by competitive market forces, and finally (v) provide preferential
allocation of initial rights of use that favor lower income groups,499 those who own fewer private goods.500

While the five principles are clear and generally non-controversial, the challenge is to show that there is, in
practice, a rule of thumb for ‘user rights’ or ‘property rights regime’ that satisfies all these conditions, and that
this rule does effectively resolves the ‘paradox of knowledge.’ This was achieved in several publications, and
will be summarized here.501
Perhaps the best way to describe what I propose is as a system of compulsory licenses that are allocated,
charged and traded in specific ways. The term ‘compulsory licenses’ means that the creator cannot prevent
anyone from using the knowledge—although the user has to pay a license fee. The licenses are tradable in
primary or secondary markets, and all markets are competitive. Monopolistic use of knowledge to extract
benefits for its owner is not acceptable under this scheme. Finally, the initial allocations of licenses must satisfy
the conditions needed for market efficiency according to a formula that is clear and simple502 which, as in the
case of Pigouvian taxes, requires that lower income groups, namely those who own fewer private goods, be
given preferential user rights on knowledge.
Compulsory licenses are not a new phenomenon. They have been used for many years, for example, in
the French art market where, by law, they are applied to rare art works that are considered the equivalent of
national treasuries. The works of art are often private property. But they have a public good aspect because they
are viewed as historic pieces that belong to humanity’s patrimony. From this viewpoint, the French government
considers it inappropriate to exclude some citizens from viewing them. Viewing these pieces of art cannot be
restricted in France; everyone must have access but this may involve paying a fee. This creates the equivalent of
a system of ‘compulsory licenses.’503 In our case I require that the licenses themselves be a tradable
commodity—namely the creation of a market for licenses.
Licenses are the preferred way to go in any industry with economies of scale, such as the software
industry. Using patents to restrict or limit use would not be reasonable way to go, since discouraging or limiting

use of software invention make little business sense due to economies of scale—as discussed in the previous
chapter, the producer benefits from amplifying sales.
In sum: my proposal is to completely eliminate patents, because any patent restricts the use of
knowledge and creates temporary “monopolies”,504 and replace them by compulsory licenses that allow use of
knowledge by all. This simple structure already satisfies two of the conditions presented above, (i) and (ii). But
we need more. To satisfy condition (iv) the markets for buying and selling licenses ought to be competitive so
as to produce incentives for efficient allocation of resources in the economy. Monopolistic markets for
licensing—as Microsoft is considered to induce within Europe—will not do.
Finally, we still need to show how to satisfy property (v). If knowledge were a private good, the four
conditions presented above (i) to (iv), namely compulsory licenses that are traded competitively, would suffice
for efficient allocation of resources. They would resolve the ‘paradox of knowledge’—inducing innovation
while at the same time not restricting use. However, we are not there yet. Knowledge is not a private good—it is
a public good in consumption (although not in production). Therefore, one needs further conditions to be
satisfied by the initial allocation of rights on licenses, such as those that were discussed in the previous
chapters505for the market to reach an efficient allocation of resources. The relevant initial conditions are a
version of those introduced early on by Lindalh,506 modified as appropriate for privately produced public goods.
These typically encourage a widespread use of the public good by lower income groups, groups that generally
would have enough income to pay for the licenses and use the knowledge. Everyone gains. By allocating a
larger amount of initial rights to use for free to lower income groups, the market is expanded and producers gain
because of economies of scale. And low-income consumers gain with no loss to the higher income consumers
that can still use knowledge, which is a public good and not rival in consumption. For example, in the software
industry those members of the community who own fewer private goods would be given initially more use on
software licenses, namely the right to use knowledge for free. These consumers could use the initial licenses, or

could trade them in secondary markets to transform them into income. Observe that it is relatively easy to
identify the people in question, for example, from their income tax status.
The system presented here seems unusual. But in reality it is similar to what was created for
environmental assets by the carbon market of the Kyoto Protocol. In the Kyoto Protocol the traders are nations.
Every trader has initial rights to use the planet’s atmosphere as in (i) above—and the ‘licenses’ in (ii) are the
‘permits’ or ‘credits’ assigned to each nation to emit CO2. The licenses or permits can be either used to emit, or
can be traded. The initial rights of use are the initial allocations of rights to emit. The market for licenses is the
market for rights to emit—namely, the ‘carbon market’ of the Kyoto Protocol. There is no explicit requirement
in the Kyoto Protocol that the markets for rights to emit should be efficient—namely our condition (iv)—but
this is an implicit assumption in the Protocol. In the Kyoto Protocol, developing nations cannot trade in the
carbon market because they have no limits on their emissions. However, to follow the parallel poor nations have
preferential rights on emissions. The assignation of limits on emissions could be a function of GDP—this is
different but not too far removed from the situation that exists today. It would be a way to satisfy our efficiency
condition (iv). In sum: an approximation to our condition (v) exists in the Kyoto Protocol today, which gives
preferential rights of use to the poor nations. This came in handy in the negotiations, when industrial and
developing nations were at loggerheads with each other, and made it possible for the Kyoto Protocol to be
signed in December 1997.
A mathematical model for a market with knowledge was created and developed in Chichilnisky507
following the classic structure: consumers maximize their utility subject to budget constraints, and producers
maximize their profits and produce according to existing technologies. The markets for knowledge are
somewhat different in some ways from the markets for environmental assets, such as CO2.508 But in both cases,
with knowledge or environmental assets, I established that the system of compulsory licenses that was proposed
above ensures that the market solutions are efficient. The main result is that the five criteria (i) to (iv) proposed

above resolve the ‘paradox of knowledge’ and ensure efficient conditions both for production and for
consumption—either of knowledge or environmental assets.
The new systems of property rights proposed can be viewed as a refinement of what already exists, an
improvement on existing compulsory licenses systems that allow efficiency in production and fairness in
consumption. There may be other systems that satisfy the five properties required above, but at least we showed
that there is one that works. What we propose is reasonably simple and can be adopted legally without
enormous change. Creating systems for allocating the rights on knowledge products or on environmental assets
helps the development of new global markets and a more equitable form of capitalism.

To recapitulate: humans now dominate the planet and are dramatically changing the composition of the
atmosphere, bodies of water, and the complex network of species that make life on earth possible. The united
world-wide will to meaningfully alter this scenario has been wanting. As time goes on, conditions worsen and
potential remedies will soon be behind us.
For all of our successes as a species and the comforts we have managed to manufacture for ourselves,
our legacy to future generations does not look promising. Economically, we are better off than our predecessors
and there is no reason to believe that we cannot sustain growth in the immediate years ahead. But it is the cost
of this growth that we need to worry about, and whether or not we can achieve the same economic results
without sacrificing our quality of life here and abroad. Indeed, as I have argued throughout this book, I think we
can. We can do much better as trustees of our planet and in reducing poverty. With about 1 billion people living
at or below subsistence levels, below the satisfaction of their basic needs, and with the ongoing, systematic
destruction of our natural world, I am confident there is much room for improvement.
In order to obtain a more desirable and secure future, we will need to curb our voracious appetite for
natural resources that instigated a death spiral of abject poverty in developing nations and overconsumption in
the industrial nations. The circumstances in which we find ourselves today are contrived by incomplete
economic definitions and false assumptions we make about development. Many poor nations erroneously
believed that increased exports of natural resources would help grow their economies. These export-led growth
policies have been reinforced by popular academic theories that, while fading, persist. The false hope of export-

led growth seduced many developing nations in Africa and Latin America to specialize in ever increasing and
unwise extraction and exports of their mineral resources such as oil, gold, diamonds, and copper, of pulp and
wood plank, and of agricultural produce such as palm oil, soy or bananas. For the world, the result of these
misguided policies has been a global environmental crisis, attended by economic stagnation in the resource
exporting nations and the yawning wealth gap between the rich and the poor that is widely observed and
regretted today.
We all can now count ourselves among the losers who can’t isolate the environmental damage that has
been done, or pack it up and ship the problem elsewhere. We all must live with global biodiversity destruction
and global warming, ozone depletion and stress in marine ecosystems, all of which are manifestations of a
global tragedy of the commons. At the same time, the unrelenting increase in resource extraction and exports in
many developing nations prevented the South from developing in more progressive industries that trade and
build on knowledge. The so-called ‘resource curse’ that some of us feared and anticipated since the mid 1970’s
has come to pass. Resource exporting nations in Latin America and Africa failed to industrialize in ways that
are conducive to their struggling populations.
I have tried to point the way forward. The 21st century will be as stark a contrast to the industrial age as
the industrial age was to our agricultural society. The times have changed, and so should our thinking. The
concept I introduced in this book builds on a new vision of capitalism in which we thoughtfully manage the
burgeoning arena of public goods while allowing the markets to do their work undistorted by ersatz pricing. The
solution I proposed is market based. It involves creating new types of global market mechanisms that replace
the missing property rights on resources, such as coal and oil in developing nations, by global property rights
on the use of global commons, such as the use of the planet’s atmosphere. In simpler words, I proposed to
overcome the missing national property rights on inputs of production in developing nations—such as fossil
fuels, minerals and forest products—by introducing global property rights on the by-products of outputs of
production.
This is the idea that was implemented in the Kyoto protocol, and has proven effective. Thus, the answer
I am offering isn’t one in theory alone—it is an idea that we can implement now, today. The Kyoto Protocol

was a landmark global effort—and clearly there is much more work to be done still. But it also is a blueprint for
the creation of other global financial mechanisms to protect biodiversity by assigning and trading rights of use
of the global commons: biodiversity use, use of the global airwaves, use of the services of crucial ecosystems
such as watersheds, and use of the DNA encoded information of indigenous knowledge that is so valuable for
medicinal uses across the world. The Kyoto Protocol represents a successful demonstration that this can be
achieved.
Knowledge–based goods such as pharmaceuticals, medicinal processes, financial mechanisms and
computer software, all of which play an increasingly important role in the global economy, are other important
examples that share the dual characteristic of being private goods in production—as they are produced by
private individuals and organizations—and public goods in consumption—due to the fact that knowledge is not
rival in consumption and is in that sense a global public good.
We have entered a new stage of human civilization where the most important input of production is no
longer land or capital—indeed it is no longer a private good at all—but is a public good, knowledge, or
environmental assets. As opposed to land and capital that were the most important inputs of production in
agricultural and industrial societies, knowledge and environmental assets are public goods that can be shared
without losing them or excluding some from their fruits. These markets create exceptions to the zero sum game
that was inescapable in the industrial and agricultural societies. Indeed, this creates opportunities for win-win
strategies between the poor and the rich nations that can help overcome the global divide. As the South lessens
its dependence on natural resources, benefits from global incentives to introduce new environmental
technologies into its countries, and progressively participates in the new knowledge economy, it will at last
begin to shed the burdens of its market colonial past. The situation we face is dire, but history has lain before us
an opportunity to salvage our ravished planet and for the Third World to join it as full and prosperous citizens.
New markets for environmental assets and knowledge will dominate the 21st century and will change the
face of capitalism. The book anticipates that both will soon exhibit less of the zero-sum game mentality that has
dominated capitalism since its inception. Knowledge and environmental assets are public goods that may well
become the most important inputs of production in this century. Key to our argument is that, as opposed to land

and capital that were the most important inputs of production in the agricultural and industrial society,
knowledge and environmental assets are public goods that can be shared without losing them and create
exceptions to the zero sum game that was inescapable in the industrial and agricultural societies. Indeed, this
creates opportunities for win-win strategies between the poor and the rich nations that can help overcome the
global divide.
Yet in order to benefit from the new markets and the opportunities for win-win solutions new financial
mechanisms and markets must be established. This requires the development of new property rights regimes on
global public goods that are quite different from the regimes that prevailed in the past. The case of knowledge is
particularly tricky—because of what we called the ‘paradox of knowledge’—where one needs restrictions on
use in order to create incentives for producing new knowledge, and yet after the knowledge is produced any
restriction on its use is less than optimal because it can be shared without losing it. To overcome this paradox of
knowledge, we proposed new property rights regimes—the creation of a special type of “compulsory licenses”
to replace patents, together with covenants for their use. These new regimes for rights of use or property rights
proposed here could induce universal use of knowledge—for example, of vaccines—while still allowing
economic incentives for its private creation. It is key however that the proposed compulsory licenses that are
coupled with the creation of primary and secondary markets for licenses that should traded in a competitive
fashion—and also a system of ‘covenants’ or initial allocation of ‘rights of use’ that give preferential rights to
lower income traders or to poorer nations. This would create larger markets for producers, and therefore winwin solutions: more profits while at the same helping to overcome poverty and the global divide. Living
examples of such ‘compulsory licenses’ are the carbon market of the Kyoto Protocol, academic rights of use of
innovation, and also in part certain compulsory licenses that are currently used in the French art market. The
Chapter on the new capitalism explores in some detail this new concept, its relationship with the market
evolution that we anticipate for the 21st century, involving markets with global public goods that will become
more and more common in an age where humans dominate the planet. It provides direct and practical
recommendations for using market-based financial mechanisms for the conservation of natural resources,
achieving sustainable development and sustainable trade as we move to the future.

The Kyoto Protocol created new rights of use on the global commons and a new market-based financial
mechanism, the carbon market, with preferential assignment of rights for poor nations. It offers a blueprint of
how these new systems of property rights can function in practice, a win-win solution that benefits both poor
and rich nations. It offers a ray of hope for a future in which capitalism and markets evolve in harmony with the
earth’s resources, and cooperative win-win strategies in human societies that can overcome the global divide.
On the whole, the book offered a vision of a new type of economy that is conservative in the use of
resources but innovative in the use of knowledge, an economy that is based on human capital and diversity and
in which economic progress is harmonious with the ecosystems that support life on earth.This book began with
a series of lectures I gave in 1999 at the Brookhaven National Laboratories in Long Island, New York, the
Pegram Lectures.509 These lectures were meant to explain the origin of global environmental crisis we face
today and to propose solutions: a tall order and I thank the organizers and the participants for their probing
questions and suggestions, and their passion for the topic. Some of the material in this book goes back much
further, originating in the World Economic Model of the Fundacion Bariloche, a computerized model of the
world economy that was the first to be created within a developing nation.Bariloche is a beautiful town of
mountains and lakes located in Patagonia, in the South of Argentina, my country of birth. In creating the
economics and the mathematics of the Bariloche Model, I introduced the concept of Basic Needs as a
foundation for economic development. I worked closely with Latin American scientists led by the late geologist
Amilcar Herrera and other Latin American friends including the nuclear physicists Jorge Sabato and Carlos
Mallman, and the sociologist Fernando Enrique Cardoso who later became President of Brazil. Basic Needs
offered a new perspective on developing nations’ economic development, focusing on ways to overcome dire
poverty while averting resource depletion. At the time, the global modeling literature was dominated by the
Limits to Growth Model developed by Donnella Meadows at MIT. Specifically, Basic Needs was introduced as
a response to the Limits to Growth attempt to measure economic progress solely by Gross Domestic Product,
and to its claims that developing nations could only succeed by depleting the planet’s resources. In the
Bariloche model, we proved that by concentrating on Basic Needs we could achieve economic progress in the

developing world while averting the depletion of the earth’s resources. In that sense, the Bariloche Model was
truly the first study on global Sustainable Development.
Somewhat unexpectedly, the concept of Basic Needs spread rapidl. from the first publication, in the mid
1970’s, of our book Catastrophe or New Society by the International Development Research Council (IDRC) of
Ottawa Canada. The book was translated into 8 other languages becoming a best seller around the world. I
published several academic articles introducing and developing the concept of Basic Needs while I was
teaching at Harvard University.510 Our concept of Basic Needs was taken up by The World Bank and several
United Nations agencies, including the UN Department of Social and Economic Affairs (ECOSOC), the United
Nations Institute for Training and Research, UNITAR, its Project on the Future, led by M. Phillippe De Seynes,
and by the United Nations International Labor Organization (ILO) in Geneva that performed a number of policy
studies led by Mike Hopkins who demonstrated the feasibility and practical aspects of Basic Needs policies in a
significant number of developing nations. All this interest gave rise to what eventually became mylifelong work
at the United Nations: I became then the Director of a multidisciplinary project on International Markets,
Technology Innovation and Basic Needs at the United Nations Institute for Training and Research in New
York, which I co-directed for several years with Dr. Sam Cole of the University of Sussex UK. This was while I
was teaching Mathematical Economics at Harvard University in Cambridge Massachusetts, and continued when
I moved to New York to became a Professor at Columbia University. Our UNITAR Project included a large
group of scientists who were spread over four continents, and was based on the practical aspects of extending
Basic Needs to the continents that encompassed it. Today nations such as Brazil have adopted the concept of
Basic Needs to great success, Argentina is another example, and another is Ecuador. Brazil adopted Basic
Needs under President Fernando Enrique Cardoso commencing an era of unrivaled economic success for that
nation.
Eventually the Basic Needs approach to economic development spread globally and became
international law. It was adopted by 153 nations at the 1992 United Nations Earth Summit of Rio de Janeiro,

who officially voted to make Basic Needs the main measure of Economic Development replacing the standard
measure ‘Gross Domestic Product’ (GDP), and becoming the cornerstone of efforts towards Sustainable
Development.511 Indeed, the goal of Sustainable Development according to the well-known 1992 Norwegian
Brundtland Report is ‘To satisfy the basic needs of the present without depriving the futur
This was the first time I was able to create international law. The economic foundations for Basic Needs
required however a complete rewrite of economic decisions over time. The challenge was to provide theoretical
underpinnings with the level of generality and simplicity of standard economic theory. In 1974 and 1976 I
published the first theoretical articles on Basic Needs and in 1993 I published the first article formalizing the
notion, effectively creating the formal economic theory of Sustainable Development.512
In addition to its impact on international organizations and policy, the influence of Basic Needs was felt
across academia, for example, in Amartya Sen’s work on entitlements that is consonant with the idea of
satisfaction of basic needs as a primary end of development policies, and in the book of the late Harvard
philosopher John Rawls Theory of Justice, in which he argues thatthe welfare of those who are worst off is an
ethical priority. The Basic Needs concept grew in importance around the globe and its policy implications grew
alongside with it. Eventually in 2000 the United Nations introduced its Millennium Goals that focus on
monitoring effectively the satisfaction of Basic Needs around the globe.
While attracting worldwide attention, shaping world policy and thinking and finding policy applications
in a number of nations, the concept of Basic Needs remained somewhat marginalized and more of a hope than a
reality in a world economy that was led by rich industrial nations who saw it as a goal to be pursued but never
attained. Since the early 1990’s the world economy became increasingly dominated by industrial nations’
views of economic success, which is about increasing narrowly defined economic gains and quite different from
the satisfaction of Basic Needs. In this period the wealth differential between the rich and the poor nations - the
‘global wealth divide’ - increased several fold, in parallel with an enormous expansion of international markets
that led to globalization. Globalization increased links between nations through international markets and trade

in natural resources grew along with it, creating a historical pattern of trade where resources are extracted in
poor nations and exported to be consumed in rich nations. This pattern of trade eventually led to a highly
lopsided world, where a very small population in rich nations – less than 20% of humankind - consumes today
most the world’s resources that are extracted in poor nations that encompass the overwhelming majority of the
world’s population, about 80%. Since then the global wealth divide achieved record proportions, and the
satisfaction of Basic Needs was left behind, seemingly defeated.
In view of the increasing popularity of market based approaches for specific products and resources in
the world economy, I started to think that the only way we would be able to finally achieve the satisfaction of
Basic Needs was by using market approaches for this purpose. This seemed an impossible idea: to create a
market approach that, while achieving profits, could, at the same time, redress environmental concerns and the
wealth differentials between nations. This was a tall order. Through research, publications and speeches, I
started in the early 1990’s to develop and communicate the idea of creating new global financial mechanisms
that could achieve two seemingly opposite goals: enhancing profits while satisfying Basic Needs. The idea was
to help reduce the global wealth divide and protect the global environment while pursuing market objectives.513
My idea started to became a reality after an annual speech I gave at the World Bank in December 1996 and
through discussions with the US Department of the Treasury, the State Department and even US Congress
during 1997. By December 1997 I created the carbon market within the newly born Kyoto Protocol by actually
writing into it the words that eventually became the basis for the European Union Emission Trading System
(EU ETS) – a new international ‘carbon market’ that is now trading $215Bn per year514. This somewhat radical
creation, made the Kyoto Protocol the first international agreement that is based on a global market approach,
the carbon market.515 Through this, the Kyoto Protocol became a clear manifestation of the close connection
between global resources, sustainable development and Basic Needs. How so? First of all, the Protocol sets
limits on the carbon emissions that are produced by burning fossil fuels to produce energy. Therefore it fosters

sustainable development helping to preserve a clean atmosphere and a stable climate for future generations to
come. In addition the Kyoto Protocol implements Basic Needs policies at a global level, giving more rights to
poor developing nations to use the global environment, which are compensated through the Kyoto Protocol for
development of clean energy projects, as is discussed below. Furthermore, the Kyoto Protocol is the first
international agreement based on a market approach. The idea of a carbon market is straightforward. It provides
an excellent example for the policies and the new economics proposed in this book. In practice it works as
follows: Kyoto sets limits on nations’ emissions and, on a given year, a nation that is above its limits can buy
rights to emit from another nation that is below its limits – all this while the total world emissions remain within
the agreed ceilings. This market approach penalizes financially the bad guys because they have to pay for over
emitting, and rewards the good guys who receive the payments. Through the carbon market, the over-emitters
pay directly the under-emitters, without intermediaries. This book explains how the carbon market creates a
‘price signal’, meaning a financial incentive to use the resources more sparingly, the more one emits the more
one has to pay. This price signal encourages clean technology innovation – to avoid having to make expensive
payments.
The prices in the carbon market are set by supply and demand. They run today between $15 and $30 per
ton of CO2 emitted. The more that emissions exceed the given limits, the higher are the prices that must be
paid for over- emitting. This “market mechanism” penalizes over-emitters and rewards under-emitters. I created
the carbon market concept in the early 1990’s, argued for it and negotiated it for several years finally writing it
into the Kyoto Protocol at the December 1997 UNFCCC meetings in Kyoto by official request of the European
Delegation to the United Nations Framework Convention for Climate Change while I was the US Leading
Author of the Intergovernmental Panel on Climate Change (IPCC).516 The Kyoto Protocol became international
law in 2005. This was the second international law I helped create after the Basic Needs approach that was
officially voted by 150 nations in Rio Earth Summit in 1992. The Kyoto carbon market became the European
Union Emissions Trading System, and is now trading US$ 215Bn per year in Brussels, according to The World

Bank (2011)517. The concept of the carbon market is now spreading through the world. Australia, the European
Union and parts of Asia all have carbon markets. Recently in the US the State of California created its own
mandatory carbon market a so-called “cap and trade” system that became State law in 2012.
The carbon market of the Kyoto Protocol is an example of how to limit the use of a critical global
resource – in this case, the atmosphere of the planet. It also shows how global resource limits can be traded,
bought and sold, in a way that implements Basic Needs, while achieving profitability and averting
environmental depletion, in reality promoting Sustainable Development.
In creating the carbon market we found a market approach to realizing Basic Needs and Sustainable
Development, implementing those concepts that had become international law in the 1992 United Nations Rio
de Janeiro Earth Summit. In 1997, by signing the Protocol in Kyoto Japan, representatives from 166 signatory
nations to the UN Framework Convention on Climate Change agreed to reduce global emissions by 5.2% by
2012.518 So far through the carbon market the EU has reduced its emissions by about 37%519. Through the
Protocol’s carbon market and its Clean Development Mechanism (CDM), we created a global market approach
that is self-funded, requiring no donations by any nation, one that can achieve simultaneously two contrasting
purposes: economic profitability and helping the environment.As we will see in the rest of this book, the Kyoto
Protocol’s carbon market is more than meets the eye. It is an example of a new type of economics, a global
market approach that provides a mechanism to resolve major global environmental problems of our times, while
helping to promote welfare of nations that have fallen behind in economic development. How specifically does
the Kyoto Protocol help developing nations? How does it help promote Sustainable Development and Basic
Needs in poor nations?
By deliberate design and for historical reasons, the Kyoto Protocol puts no limits on poor nations’
emissions. Therefore they preferentially benefit from the use of the planet’s atmosphere. For this same reason,
developing nations cannot participate directly trading in the carbon market, as they could in principle sell
unlimited “rights to emit” to other countries. Yet developing nations have steep incentives to reduce emissions.

Through the so called “Clean Development Mechanism” (CDM) the Kyoto Protocol encourages investors from
industrial nations to invest preferentially in developing nations that limit their emissions. The CDM rewards
industrial nations’ investors who invest in a developing nation’s clean technology projects, who are awarded
‘carbon credits’ that can be converted into cash in the EU’s carbon market. Substantial financial transfers from
rich to poor nations can be achieved. Indeed since 2005 $50Bn have been invested into clean project in poor
nations.520 Such transfers encourage Sustainable Development in poor nations since are only available for clean
technology projects. China and India, are major beneficiaries of CDM transfers, having received tens of
billions of dollars so far from the Kyoto Protocol’s carbon market. This led China to achieve an unusual
strength in clean technology today, becoming largest exporter of solar and wind equipment in the world.521
These are the first substantial financial transfers from rich to poor nations to take place in many years, they are
investment in private projects and poor nations therefore have significant financial incentives for clean projects
even though they do not trade in the carbon market. The CDM creates financial incentives that favor clean
technologies and clean innovation in poor nations:522 it advance the cause of Sustainable Development while
reducing the risks of climate change. It encourages economic development and the satisfaction of Basic Needs.
There is more than meets the eye. The book shows that the carbon market is a rather innovative type of
market. That trades global public goods - such as the right to use the planet’s atmosphere. We show how
trading global public goods - of which ‘knowledge’ is another important example – represents a critical change
in the development of capitalism. The book develops this theme, and explains the hopes for a new form of
capitalism that overcomes global economic divisions.
The book explains step by step the root causes of the global environmental crisis of our times and their
close links with international markets and globalization. It is a guided tour to a fundamental transformation of
the world economy that we are living through. The global environmental crisis of our times –including climate
change and the unprecedented and dramatic destruction of the world’s previous biodiversity – are explained

from their proximate origins in 1945, the year that the Bretton Woods institutions were created after WWI – and
the hopes for a transition to another form of capitalism that can resolve the crisis we face today. The impact of
globalization on the planet is profound. Geologists have taken to call the current geological period the
‘Anthropocene’ – replacing the previous Holocene, to indicate that humans have now become the most
important geological force in the planet. We are changing the planet’s atmosphere, its bodies of water and the
complex web of species that makes life on Earth. Our footprint will be read by geologists in rock formations for
thousands of years to come. The book shows why global environmental crisis are just another manifestation of
the ever increasing global divide, and the root causes behind the global failure to satisfy Basic Needs and to
implement Sustainable Development so far. The book explains the market underpinnings of the entire
phenomena, how these trends are closely linked to each other through well observed market forces -- and at the
same time how we can use new market forces to resolve the problems we face. The result of globalization is an
implacable march towards economic transformation that permeates everything from the way we communicate
with each other in villages cities and across nations, to the functioning of global financial markets and even
more basically to the threats to our ability to use water, air and food that are the basis of human survival. While
the international market has been seriously implicated in the transformation and the destruction of our physical
life support systems, as explained above, the book sees a clear pattern of change, a ray of hope and a practical
transformation of capitalism, the economics of which we never saw before.
Although the trend we see is hopeful, time is short. We are close to a point of no return, in a race against time.
The mission of this book is to offer a humble explanation that could guide and accelerate a positive
transformation to come before it is too late. What is proposed here can be done and perhaps must be done. I
invite the reader to join a sober search for solutions and to imagine and help create a new world in which
humans live in harmony with each other and with the world’s resources, enhancing rather than destroying
human happiness innovation and realization, and respecting and embracing the unique and complex web of
species that makes life on Earth.523iiiGraciela Chichilnisky

Can you cut material in boldface? This intro still reads long to me and since you introduce all this
later, is it necessary here? I show how the knowledge economy in which we are living has overcome the
zero sum game since the most important input of production is no longer a good such as land or capital
that are in scarce supply and rival in consumption. Knowledge is a public good that is not rival in
consumption since it can be shared without losing it. This is also true for many environmental resources –
such as the earth’s atmosphere – whose concentration of gases is the same for everyone in the planet. The
ultimate result, as we show towards the end of the book, is a new type of economy never seen before,
where sharing substitutes competition. The green economy and the knowledge revolution converge and
create a world of the future that is coming to us faster than we can imagine. Yet time is short and the
challenge is to jump across the chasm on time, before it is too late. Before the world’s precious
biodiversity crashes, before our atmosphere and climate reach a point of no return, before we damage
irreversibly the oceans, those water bodies where life emerged in our planet. The challenge is a race
against time.

New York March 2013
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