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ABSTRACT
The objective of this work is to explore the concept of weak sustainability as it
evolved in a framework of neoclassical economics. The reader is briefly introduced to the
origins of concern about sustainability and in order to define sustainability as such,
simplifying assumptions are mentioned. A distinction between “weak” and “strong”
sustainability is made depending on whether substitution between natural and man-made
capital is allowed. It is argued that the concept of weak sustainability originated from the
growth theory with exhaustible resources and it is shown that applying thermodynamic laws
in the analysis of sustainability has fundamental implications for substitution possibilities.
Furthermore, question arises whether weak sustainability can be measured in practice. A
theoretically correct measure called “Genuine Savings” is introduced. It is based on Hartwick
savings-investment rule and its derivation from a formal model is performed. World Bank’s
methodology of its computation is examined and its results discussed. Genuine Savings is also
critically assessed and its validity, reliability, and relevance questioned.

ABSTRAKT
Tato práce si klade za cíl přiblížit čtenáři koncept slabé udržitelnosti tak, jak se
vyvinul v rámci neoklasické ekonomie. Stručně jsou popsány počátky zájmu o udržitelnost.
Aby udržitelnost jako taková vůbec mohla být exaktně definována, zmíněny jsou
zjednodušující předpoklady tohoto konceptu. Následně je vysvětleno rozlišení mezi slabou a
silnou udržitelností v závislosti na předpokladu substituovatelnosti mezi přírodním a
člověkem vytvořeným kapitálem. Je ukázáno, že koncept slabé udržitelnosti se vyvinul
z teorie růstu zahrnující vyčerpatelné zdroje a že aplikace termodynamických zákonů
v analýze udržitelnosti má zásadní dopad právě na předpoklad substituovatelnosti. Dále je
položena otázka, zda-li lze měřit slabou udržitelnost v praxi. Místo odpovědi je představen
teoreticky správný indikátor slabé udržitelnosti „Genuine Savings“, který vychází
z Hartwickova pravidla a jehož odvození z formálního modelu je provedeno. Diskutována je
metodologie a výsledky indikátoru prezentované Světovou bankou. Indikátor je kriticky
zhodnocen a zpochybněna je jeho validita, spolehlivost i význam jako takový.
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1.

Introduction
“We do not inherit the Earth from our ancestors but we borrow it from our

descendants.”
Antoine de Saint-Exupéry
In the last few decades the notion of sustainability or sustainable development has
infiltrated discussions of long term economic policy. We happen to live in an era of multiple
S-words: sustainable development, sustainable growth, sustainable cities, sustainable forestry,
etc. The term “sustainability” has become the buzzword of the last third of the 20th century as
well as the beginning of the 21st century. Sustainable development is perceived similarly to
peace or freedom: nobody reasonable would object to it. One could hardly find a single
politician or scientist who would not call for it. As was once pointed out by Robert Solow, it
is “very hard to be against sustainability, in fact the less you know about it, the more it
sounds” (Stavins 2005, 505). Not surprisingly, sustainability is essentially a vague concept
and the author of this work has to agree with Robert Solow and admit that the more she knew
about it the less it sounded.
Acknowledging the ambiguous nature of sustainability, the objective of this work is
not to explore the notion of sustainability in general but to draw attention to this concept from
the neoclassical point of view, which is often referred to as “weak sustainability”. The
motivation behind the choice of such an approach stems from the simple fact that it allows for
tools of economic analysis to be employed. On the other hand, in the context of all the aspects
of sustainability the concept of “weak sustainability” presents a rather narrow idea and as
such it is based upon assumptions and in a framework which may entail disapproval and
disputes.
To avoid any such disputes in the course of the core chapters of this work, the
structure and thus the order of sections in chapter 2 has been set up in a way so that the
exclusions are stressed at the beginning just after the origins of the concern about
sustainability have been presented. The exclusions enhance human, time, and geographical
scale, as well as analyze the notion of “triple sustainability”. The next section in chapter 2
discusses the rationales for sustainability from the intuitive to the philosophical ones. Finally,
the last two sections present definitions of sustainability both from the ecological and
economic perspective. Sustainability is defined either as a non-declining utility forever or as a
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constraint on opportunities rather than utility over time. Furthermore, distinction between
“weak” and “strong” sustainability is made depending on whether substitution between
natural and man-made capital is allowed.
In chapter 3 the paradigm of weak sustainability is looked at. It is argued that this
concept originated from the growth theory with exhaustible resources and to prove it, the
work of R. Solow, J. Stiglitz, J. Hartwick, and P. Dasgupta and G. Heal is mentioned. In the
following section arguments are put forward against these works stemming from the first and
second laws of thermodynamics as presented by Nicholas Georgescu–Roegen. The last
section in this chapter discusses some problematic aspects of the concept of weak
sustainability, such as utility discounting, relation between current, optimal and sustainable
prices, or time-inconsistency problem.
The objective of chapter 4 is to explore whether weak sustainability can be measured
in practice. After a short explanation of sustainability measures classification, “Genuine
Savings”, one of the measures of weak sustainability, is introduced. It is shown that it evolved
as an empirical application of the Hartwick savings-investment rule and its derivation from a
formal model is provided. Genuine Savings belongs since 1999 among the World
Development Indicators, calculated annually by the World Bank, and as such it is presented in
a next section followed by a critical assessment of this indicator. The last section of this
chapter deals with sustainable policy which is besides defining, justifying, and measuring of
sustainability another important part of sustainability analysis.
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2.

Defining and justifying the concept of sustainability
“And God said, Let us make man in our image, after our likeness: and let them have

dominion over the fish of the sea, and over the fowl of the air, and over the earth and over
every creeping thing that creepeth upon the earth.”
Genesis 1:24-8

2.1

Origins of the concern about sustainability
The concept of sustainability was first advanced and brought onto political agendas

when the so called “Brundtland report” was published in 1987. Yet, concerns about
sustainability figured in debates about growth and its limits arising from scarcity well before.
As a matter of fact, the notion of sustainability could already be traced in the writings of
classical economics or marginalism.1 However, the perception of the sustainability problem
changed a lot within the last decades. The publication of a book called The Limits to Growth
in 1972 is often referred to as the important landmark in this sense.
Sponsored by the Club of Rome,2 The Limits to Growth (Meadows et al. 1972) was
based on the results of a computer model which was used to simulate the future. According to
this simulation a prediction was made, that upon the conservation of some existing trends
(mainly concerning pollution and resource depletion) the world economic system must face
limits to the growth of material throughput. This prediction was due to a neglect of its
conditionality often understood as a claim of a coming world economic system collapse
resulting from environmental limits. It influenced many people, particularly in the following
years of oil crises. At the same time, it was condemned by many economists, such as W.
Beckerman who described it as “a brazen, impudent piece of nonsense that nobody could take
seriously” (Beckerman 1972, 237).
In the first place, the criticism stressed the failure of such a model to take behavioral
adjustments through the price mechanism into account. As no collapse was experienced in the
coming decades and as the world economies got eventually over the oil crises of seventies,
1

For example, R. Mathus was concerned about consequences of rising population in Great Britain with respect

to food output (1798), or W. S. Jevons was worried about Britain’s coal supplies (1865).
2

Club of Rome, a nongovernmental organization and think tank, was founded by the Italian industrialist and

environmentalist Aurelio Peccei in the 1960’s (Mirovitskaja and Ascher 2001, p. 250).
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this line of criticism was justified: “...such predictions have proven false due to their failure to
allow for economic feedback mechanisms. These include the various effects of a rise in the
price of any resource that is becoming scarce; increased profitability of exploration, of
improved processing techniques, of increased research into substitutes; increased replacement
of the resource by existing substitutes in final use; or, at the worst, a reduction in the use of
the goods that finally embody the resource in question” (Beckerman 1992, 483).
(Surprisingly, in spite of the profound criticism, a sequel that was published in 1992 meant
very little substantive difference in the conclusions, as the model was modified just in a minor
way. The only observable change was due to the data updating.)
Nevertheless, despite the vigorous debate arising from the publication of The Limits to
Growth, in political terms, Our Common Future is considered to be of a greater impact. “The
Brundtland report,” as it is often referred to3, was produced by the World Commission on
Environment and Development in 1987. It brought attention to new quality-of-life related
threats such as deforestation and biodiversity loss and focused on how to make the transition
to sustainability. It also came up with the famous definition of sustainable development as a
development that “seeks to meet the needs and aspirations of the present without
compromising the ability to meet those of the future” (WCED 1987, 43). Its main contribution
lies in challenging the conventional economics of growth and development by focusing on
sustainability as the main development goal.
With respect to specific policy proposals to achieve such a development goal, the
Brundtland report did not, and given its nature could not, lend a hand. What it did, was
recommend that environmental considerations going hand in hand with the economic ones
should be incorporated into the decision making of national governments. It also suggested
that an international conference covering the issue of sustainability be held (WCED 1987).
As a result, the United Nations Conference on Environment and Development took
place in Rio de Janeiro in 1992. The conference, also known as the “Earth Summit,” was, in
light of its actual achievements, viewed as disappointing. However, it confirmed that the
sustainability issue became an integral part of world political agenda. The major outcome of
the conference was a document called Agenda 21, which did not address the problems
specifically but established a set of actions to be taken on global, national, and regional level
of decision making in order to direct the economies to sustainable development. In addition,

3

The WCED was chaired by Norwegian Prime Minister Bro Harlem Brundtland at that time.
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the creation of the United Nations Commission of Sustainable Development brought an
important institutional innovation.
This commission organized the World Summit on Sustainable Development in
Johannesburg in 2002, resulting in the Johannesburg Plan of Implementation that affirmed,
along with other international agreements, UN commitment to implementation of Agenda 21.

2.2

The notion of “triple sustainability”
Since 1987, when an extensive discussion of the concept of sustainability emerged,

policy agendas in all major areas of economic development covered the so called “triple
sustainability,” referring to economic, environmental, and social sustainability. According to
this notion, economic sustainability means sustaining the marketed production and
consumption, in contrast with environmental sustainability which, as its name suggests,
encompasses the environmental aspects, such as maintaining biodiversity, atmospheric
stability, and other ecosystem functions. Thus, it assumes that there is a dependence of current
well-being on environmental assets which are usually not classed as economic resources.
Social sustainability highlights fairness in distribution and opportunity.
Hence, sustainability in this sense undoubtedly refers to economy as well as
environment and society. However, there is a question what is the interaction among them.
Two possible answers are provided by Levett (Levett 1998), one by Wu (Wu 2006). The first
one called “Three Ring Circus Model” is pictured in Figure 2.1.
Figure 2.1 Three Ring Circus Model of Sustainable Development

Source: Levett 1998
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It implies the intersection between the three components of sustainability, however, it
does not specify the cause and effect among them. From this point of view, the second answer
represented by the “Russian Doll Model” pictured in Figure 2.2 seems to be more concrete. In
this model, it is the environment’s capacity that sets bounds to the development of economy
and society since the environment provides all natural resources and, above all, life-support to
maintain the society and the economy as well. The setting of inner circles of the “Russian
Doll Model” refers to the economy as a social construct. It is the society that creates the
economy and maintains it so that the society’s needs are met.
Figure 2.2 Russian Doll Model of Sustainable Development

Source: Levett 1998
Contrarily, the third model pictured in the Figure 2.3, which is referred to as the
“Night Owl Model”, does not follow this order of sustainability components. Both the
economy and society are still constrained by the environment but this time there is the
intersection of economy and society from which the sustainability evolves.
As we can see, there are different ways of understanding interrelationships among
society, economy and environment and so different ways how to understand sustainability.
Many political documents have appeared recently which aim to deal with the concept of
sustainability by analyzing the separate aspects of “triple sustainability” in order to design an
integrated sustainable policy. No matter how commendable such an approach is, it is not free
of shortcomings. The recognition of “triple sustainability” introduced many potential
complications into operational comprehension of the sustainability problem as the goals
became multidimensional. In the context of the multidimensional character of the “triple
sustainability” goals, an issue of objectives balancing and policy outcome assessing was
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raised. For instance, it is not a trivial task to introduce a command-and-control regulation on
an air pollution coming from traffic, for the most burdened would apparently be the lower
income strata of the population owning the largest fraction of old cars. Is it then the
environmental or social goal which should be followed, and if both, how does one combine
them?
Figure 2.3 Night Owl Model of Sustainable Development

Source: Wu 2006
As R. B. Norgaard remarked: “it is impossible to define sustainable development in an
operational manner in the detail and with the level of control presumed in the logic of
modernity” (Norgaard 1994, 22). We choose in the following pages not to approach the concept
of sustainability through the prism of “triple sustainability.” Putting it aside, however, does not
signify our ignorance of its very relevant ideas; it is a result of our will to use more precise
economic tools to analyze the notion of sustainability as such.

2.3

Human, time and geographical scale of sustainability
Before we attempt to briefly shed some light on rationales for sustainability, we must

make some exclusions in our approach to sustainability.
The first one relates to sustainability as a concept concerning equity. For analytical
purposes we can distinguish between intragenerational and intergenerational equity. Common
sense suggests that dealing with the task of how to follow the path of sustainable development
should contain both the aspects, equity between generations as well as equity within a
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generation.4 So does the political sense: “Because intergenerational equity must go hand in
hand with intragenerational equity, a major restructuring of the world’s income and consumption
patterns may be a necessary precondition for any viable strategy of sustainable development.”
(UNDP 1994). One can basically observe the relevance of intragenerational inequalities
concerning sustainability in two ways: either through consumption or through production. The
former suggests that growing future consumption can not be viewed as sustained when being
accompanied by growing intragenerational inequalities, while the latter relates to social
breakdowns and disruptions.
Undoubtedly, there have been attempts to take the equity within a generation into
account. For instance, Index of Sustainable Economic Welfare (ISEW) stands out from other
indicators of sustainability for it contains the intragenerational equity considerations. The most
common measure for intragenerational equity is the Gini coefficient5. It uses one year as a
base year for the index and then divides the inequality-unadjusted consumption expenditures
by the index. When multiplying by 100, one gets a welfare index, which has been criticized
due to its arbitrary character.6
No matter how inseparable these two views on equity may seem to be, contemporary
environmental economics mostly exclude intragenerational equity from its considerations about
sustainability. Our analysis of sustainability, as will be presented later, is based in neoclassical
economics of sustainability, which ignores intragenerational equity. Therefore we will not take
intragenerational equity into account.
The next exclusion concerns population growth. Leaving out any discussion about
population growth greatly simplifies the exposition and does not lead to a loss of the essential
insights.7 In economic literature, the most common approach consists of using a representative

4

The latter is a key feature of what we described as social sustainability.

5

The Gini coefficient is a measure of inequality in distribution and is defined as a ratio of areas on the graph of

Lorenz curve; area between the Lorenz curve and the diagonal line of perfect equality, to the area under the
diagonal line of distributional equality. It is a number between 0 and 1, where 0 corresponds to perfect equality
and 1 to prefect inequality. Multiplying the Gini coefficient by 100 we get the Gini index.
6

However, the exact calculation differs from country to country. For instance, the Austrian ISEW is weighted as

a whole at the end.
7

Analyses of sustainability within a framework including population growth could be found, for example, in

Solow (1974).
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agent to stand for a population at any time. Such representative agents are the same in all relevant
aspects except for the fact they present different time periods.8
Given the exclusions, we resign to illuminate the frequently discussed developing
countries sustainable development, leaving the issue to be explored by others (interrelations
between population growth and sustainable development are prominent, for instance, in concepts
of A. Sen).
As well as human scale, time and geographical scale should be well defined. As far as
the time horizon is concerned, though mostly considering infinity explicitly, some finite
horizon is present in sustainability literature following the fact that neither the Sun has infinite
life. In most cases a time period covering several generations is taken into account. From a
geographic point of view, the focus on sustainability is somewhere between the national and
the global level. Nevertheless, in reality the national level prevails since decision-making
power rests with national states and regional trading blocks. Furthermore, sustainability
indicators have so far been applied to national economies, and to be more concrete, not every
nation can be a resource importer. The last point refers to the fact, that concerning just the
national level any nation can deplete its natural resources and develop into a knowledge
economy relying on human capital and importing needed resources from abroad. This, however,
cannot be applied to a global economy (Pezzey 1998). Last but not least, no attention is given to
sectoral sustainability.

2.4

Rationales for sustainability
Before we set ourselves to examine philosophical rationales for intergenerational

concern, we should provide some intuitive arguments why to be concerned about welfare of
future generations. Although many would argue that there is a good reason to expect technical
and economic progress to continue so that no concern is necessary (Weitzman 1997), others
do not take the progress and ecological protection as granted.
Even if we take the view of the latter group, there is still the question why coming
generations should not be left to their own care. The answer lies in a fundamental asymmetry
between the current and future generations. The future ones lie downstream in time and have
no power to influence the decisions made and steps taken today. While any policy made in the
8

However, overlapping generation models are used sometimes to reflect trade and transfers among different age

groups.
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present affects the future, none made in the future can affect the present. Given this
asymmetry, how to reason the concern of present generation towards the future ones? One can
deduce that since people have children they might care about their future lives, which are
conditioned by today generation’s actions. However, this does not have to be necessarily true
due to the fact that not all parents care about their children’s lives. Another problem stems
from the time horizon for the distant future may seem to be so remote that one cannot take it
into consideration concerning one’s descendants. As a matter of fact, we should refer
ourselves to normative principles rather than positive arguments to answer the “why”
question.
Generally, we can recognize three main philosophical rationales for intergenerational
concern: classical utilitarianism, neoclassical utilitarianism, and rights based rationale.
Classical utilitarianism, as a form of consequentialism, prescribes the quantitative
maximization of good consequences (which always have something to do with welfare) for
population. According to classical utilitarianists, agents do not differ just because of different
time they live in. That is what distinguishes this view from a typical intergenerational
optimization task – classical utilitarianism rejects discounting.
In contrast, neoclassical utilitarianism perceives the present value optimality as a
sufficient prescription for intergenerational equity.
Lastly, a different point of view is provided by the rationale based on rights or
endowments. It claims that there is an intergenerational obligation concerning rights
distribution. One of the approaches refers to J. Rawls. Rawls deduced that all basic rights
should be distributed equally to everyone, though unequal distribution is accepted on
condition that it improves a situation of the least well off. This proposition, also known as
“difference principle,” implies maximizing the well-being of the least well-off representative
agent as a solution of intergenerational equity problem. Another approach could result from
Kantian categorical imperative. Kant formulated a single moral obligation according to which
one should act as if the maxim of his action were to become a universal law, in other words,
one should treat the others in a way he wishes to be treated by the others. In the context of
intergenerational concern, Kantian imperative could suggest that agents regard the well-being
of future generations with the same concern as their well-being. They follow this because if it
had not been the universal law, they possibly would have been worse off due to decisions
made by the past generations. All in all, rights based views assume that future generations’
opportunities matter as well.
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As it will be looked at later, philosophical basis of neoclassical sustainability economics
is distinct from the approaches to social choice over time outlined above. It, unlike classical
utilitarianism, allows for discounting; in contrast with neoclassical utilitarianism it does not
regard present value optimality as a complete prescription; and contrary to rights-based rationale
it prefers utility outcomes rather than opportunities to work with.

2.5

Definitions of sustainability
With respect to the sheer volume of recent publications on sustainability one cannot be

surprised how many meanings and interpretations this concept bears. “I see little point in
expanding the collection of fifty sustainability definitions which I made in 1989, to the five
thousands definitions that one could readily find today,” remarked Pezzey in 1997 (Pezzey
1997, 448) and thus referred to the huge variety of definitions of sustainability which inevitably
imply vagueness of the concept.
To illustrate the ambiguity of the concept of sustainability we can name five broadly
recognized definitions (Perman et al. 2003):
i) A sustainable state is one in which resources are managed so as to maintain a
sustainable yield of resource services.
ii) A sustainable state is one which satisfies minimum conditions for ecosystem
resilience through time.
iii) A sustainable state is one in which the natural capital stock is non-declining
through time.
iv) A sustainable state is one in which utility is non-declining through time.
v) A sustainable state is one in which resources are managed so as to maintain
production possibilities for the future.
These definitions clearly show whose perspective they represent; either the ecologist’s
or the economist’s one.9 While the first two definitions originate with ecologists, the third one
expresses ecologists’ opinion using economic terminology, and the last two definitions are
economic in nature.

9

However, these concepts do not have to be necessarily mutually exclusive.
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Before we set ourselves to discuss the economic definitions let us draw attention to
some basic economic concepts and assumptions about human behavior. It is assumed that
economic agents try to maximize their welfare which is usually understood as the present
value of utility from some time onwards,10 using a constant discount rate mostly.11
Furthermore, it is assumed that agents are well informed, smooth trade-offs are always
possible among different inputs to production and utility,12 an economy can attain an
equilibrium and markets are complete.13 Given this set of assumptions one can prove that
economy’s equilibrium is efficient (Arrow and Debreu 1954). However, economic efficiency
does not necessarily guarantee sustainability (Asheim 1994) as it is also discussed in Section
3.1.1.
Both economic definitions are unlike the ecologic ones obviously anthropocentric.
Nature has value if and only if humans value it.14 The first economic definition, the so called
utility/consumption based definition, was firstly formulated by Solow (Solow 1974) as a
forever constant utility and subsequently extended to a forever non-declining utility (Pezzey
1992). Variants of the second definition of sustainability, the so called opportunities based
definition, as a constraint on changes in opportunities over time appear in the Brundtland
report,15 could be found in Solow (Solow 1986), Pezzey and Toman (Pezzey and Toman
2002) or Neumayer (Neumayer 2003).
In a few following lines we aim to introduce the reader to the economic definitions of
sustainability in a more formal way. In our representative agent models ignoring
intragenerational equity and population change we need not distinguish total from per capita
levels of consumption, utility or welfare, denoted as C(t)16, U(C(t)) and W(U(.)) respectively.
Solow’s original intertemporal equity criteria (Solow 1974) was to keep utility
constant forever at its maximum sustainable level U m (t ) :
10

This assumption follows the observation of human impatience; people prefer benefits sooner rather than later.

11

The question of discounting future flows of utility is more complex and is discussed in section 3.2.3.

12

Unlimited but not necessarily perfect substitutability between man-made and natural inputs is assumed.

13

The complete market assumption presumes that every good and service effecting utility has a market –

determined price. This is, undoubtedly, untenable in case of many environmental related goods.
14

Humans can value nature either because it contributes to the production of goods or because it provides

environmental amenities and so directly influences utility. Humans can as well value nature as such through its
intrinsic value.
15

As cited in section 2.1: “seeks to meet the needs and aspirations of the present without compromising the

ability to meet those of the future” (WCED 1987, 43).
16

Vector C(t) includes dimensions of market consumption goods as well as environmental quality.
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U m (t ) := max U s.t. U ( s ) ≥ U for all s ≥ t

(2.1)

Pezzey introduced a broader approach of a constraint on utility over time (Pezzey
1992). Such a constraint could be defined in several ways. The variants are following:
.

i) constant utility:

U (t ) = 0 for all t

ii) non-declining utility

U (t ) ≥ 0 for all t

.

(2.2)
(2.3)

iii) stopping current utility exceeding the current maximum sustainable level

U (t ) ≤ U m (t ) for all t.

(2.4)

According to Pezzey, the preferable variant of constraint on utility over time is
deemed to be the third one.
As was already mentioned above, sustainability can instead be defined as a constraint
on opportunities rather than utility. E. Neumayer, for instance, defines sustainable
development as a development “that maintains the capacity to provide non-declining utility
for infinity itself” (Neumayer 2003, 8). The meaning shift compared to the previous
definitions is obvious; it is up to the future generation how it uses the inherited capacity and
the current generation has no control over it. Similarly, T. Page, a prominent environmental
philosopher, in reference to intergenerational equity pointed out that “preserving opportunities
for future generations is a common sense minimal notion of intergenerational justice” (Page
1977, 202). The rationale behind this notion is that we should be concerned with what the
future generation inherit from us rather than what they enjoy. We should not draw our
attention to a constraint defined as a non-declining utility but to a constraint defined as a nondeclining wealth or opportunities. R. Solow explains the notion as follows: “The current
generation does not especially owe to its successors a share of this or that particular resource.
If it owes anything, it owes generalized productive capacity or, even more generally, access to
a certain standard of living or consumption possibilities.” (Solow 1986, 142)
The presumption that future generations are interested in consumption opportunities
they inherit and not the stock of resources they inherit is based on a belief that we can
substitute for non-renewable resources. This implies that it is not the conservation of
resources for future generation we should be primarily interested in. Again, this belief cannot
be taken as granted. There are many who would argue against it, as we will discuss in the next
section devoted to distinction between weak and strong sustainability.
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Even though the two economic concepts of sustainability, the utility based one and the
opportunities based one, start from different places, they end up in a very much the same
place in terms of formal analysis.17 The fact that the two approaches can be linked with each
other, though by no means equated is showed in Pezzey and Toman (Pezzey and Toman 2002).
In reality, adoption of a simple constraint of non-declining utility is not problem-free.
Suppose, for simplicity, a choice had to be made between only two utility paths as pictured in
Figure 2.4. Strict adherence to a non-declining utility criterion as a constraint on choice
results in preferring a very low utility path U1 to a persistently growing path with a small dip
of utility U2 despite the fact that at every point of time the utility is higher on the latter one
than on the former one. One can deduce that, on this criterion, development could be regarded
as sustainable even if utility is extremely low and there is no tendency of its growth provided
that it does not get any lower.18
Figure 2.4 Utility paths

Source: Pezzey 1995

17

Same consumption opportunities and same preferences would mean a same consumption, in the context of

single-commodity representative-consumer models, which is mostly used for analysis.
18

For instance, imagine a poor economy which can become less poor in a medium term as long as it sacrifices

some of its utility today.

However, following the non-declining utility criterion would rule out such a

development and would force the economy to choose an apparently inferior path.
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Nonetheless, one can set forth several ideas how to respond to such an objection. One
possible way is to introduce additional criteria.19 Another solution assumes that saving some
of current income for investment results in a net increase in future utility (Pezzey 1995).
Hence, saving a certain amount before a decline is expected and using the savings later on to
prevent the decline leads to modifying the utility path with a temporary decline of utility into
a path with non-declining utility. As showed in Figure 2.4, savings made from time t1 to t2 are
'

used to level up utility between time t2 and t3 so that from time t1 to t3 a new path U 2 is
followed and utility is non-declining along the whole path. In accordance with this solution, a
requirement is made on earlier generations to save more in order to prevent later generations
going through a decline in utility.

2.6

Weak versus strong sustainability
As a matter of fact, the search for an operational definition of sustainable development

has led among other contributions to the concepts of weak and strong sustainability. These
two concepts present different views about the conditions that have to be met to put
sustainability into practice, rather than different definitions of sustainability.
The distinction between strong and weak sustainability20 stems from the different
opinions on the substitutability of natural capital. Basically, weak sustainability is built on the
assumption of significant possibilities for substitution of natural capital21 and other inputs. In
other words, it is equivalent to non-decreasing total capital stock consisting of man-made as
well as natural capital and more or less focused on utilitarian objectives. On the other hand,
the strong sustainability introduces restrictions on substitutability between natural and manmade capital, hence it might be viewed in terms of non-declining natural capital.
As one would expect, there are more variants of both weak and strong sustainability
concepts. Concerning the weak sustainability, many would go further claiming that, given

19

Pezzey comes up with an idea of survivable development implying that utility (consumption) should not fall

under some minimal level consistent with biophysical survival requirements (Pezzey 1997). More recent idea
talks instead about “minimum condition” describing some minimal level of utility determined culturally rather
than biologically (Perman 2003).
20

The distinction should be credited to Pearce at al. (Neumayer 2003).

21

The natural capital is substitutable not only as an input to production of consumption goods but as a direct

utility provider as well.
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sufficiently robust innovation, market forces will automatically ensure sustainability even if
no policy to internalize environmental externalities and thus to move economy to a PVoptimal path is applied. Depletion of a specific natural capital is not a cause of concern, since
there will apparently be enough offsetting increases of other capital so that well-being will not
decline over time (Beckerman 1994). Unlike this “technology optimism” variant, more
moderate ones put emphasis on pursuing a policy that would overcome market failures and
thus lead to an efficient allocation of natural capital.
In a sense, weak sustainability is encompassed by strong sustainability, as proponents
of strong sustainability would presumably be for achieving weak sustainability but would not
regard it as sufficient and would add some other requirements. Again, considering the scale of
additional requirements we can distinguish different variants of strong sustainability view.
One interpretation of strong sustainability requires preserving natural capital in value terms.
In an example of coal extraction, to keep the value of total natural stock constant one has to
reinvest all receipts from coal mining into development of alternative energy sources
(Neumayer 2003). Other advocates of strong sustainability would require preserving critical
natural capital22 in physical terms which implies that their interpretation of sustainability does
not allow for any substitutability of critical natural capital, or even substitutability among
different forms of critical natural capital. It is important to realize that it is the functions of
nature what must be maintained not nature itself, as this would lead to an absurd conclusion
that no resource should be touched at all.
While weak sustainability is based in the framework of neoclassical economics and
can be understood as its extension, strong sustainability is often labeled as ‘ecological’
sustainability and as such is regarded as a concept of ecological economics23. One of the most
famous proponents of strong sustainability H. Daly summarizes sustainability requirements
into three points (Daly 1990):
i) ecological services critical to life support to be maintained, and pollution stocks to be
prevented from increasing beyond certain critical loads
ii) renewable resource stocks (or at least aggregates of these stocks) to be used no faster
than they are renewed
22

Critical natural capital refers to those forms of natural capital which are non-substitutable.

23

Ecological economics fuses ecology and economics to assess the capabilities of natural ecosystems to support

economic systems. The foundation of the concept of strong sustainability could be attributed to ecological
economist Herman Daly and publication of his book called Steady-State economics in 1977.
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iii) depletion of non-renewable services to be offset by investment in the production of
comparable services from renewable resources.
Acknowledging the facts given above, we can deduce that the answer to the general
question of how far man-made capital is substitutable for natural capital is as much matter of
taste and ethics as it is a matter of science and technology. Historical experience would
presumably support the idea that physical, human, and intellectual capital accumulation can
offset problems arising as stocks of natural capital are depleted. It is likely there is still
capacity for resource capital substitution, especially in medium term when technology is
endogenous. However, concerning a multi-generational time scale, limits on substitutability
are apparent and there appears to be less ground for optimism about the extent of the
substitutability; we cannot be sure when and in which form these limits might show
themselves.
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3.

Weak sustainability
“But we can be fairly certain that no new technology will abolish absolute scarcity

because the laws of thermodynamics apply to all possible changes. No one can be absolutely
certain that we will not some day discover perpetual motion and how to create and destroy
matter and energy. But the reasonable assumption for economists is that this is an unlikely
prospect and that while technology will continue to pull rabbits out of hats, it will not pull an
elephant out of a hat – much less an infinite series of ever-larger elephants!”
H. E. Daly

3.1

Growth theory with exhaustible resources
It is commonly believed that the concept of weak sustainability evolved from work on

growth theory with exhaustible resources. M. C. Gutéz argues that, in actuality, the weak
sustainability concept is “just a direct application of the Hartwick-Solow rule from growth
theory with exhaustible resources” (Gutés 1996, 156).

3.1.1 Summary of key landmarks in the theory development
Many economists in the seventies drew attention to the existence of finite pool of
exhaustible resources. Their concerns about growth in terms of a non-declining stream of
consumption per capita arose from the fears of long run oil shortages which could have been
triggered by the 1972 OPEC price hike. As was pointed out, “implications of a finite earth for
the growth possibilities open to an economy” (Dasgupta and Heal 1979, 194) became one of
the central tasks to be solved by economic theory at that time.
From conceptual point of view, it seems to be helpful to recall results of some of the
classic papers on this subject, written by Dasgupta and Heal, Solow, Stiglitz, and Hartwick.
However, before we attempt to do it, we should outline the features that these models have in
common. The models studied the optimal consumption path of special cases of an economy.
They made the innovation that they included non-renewable resource stock S(t) along with the
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built capital stock K(t) into overall stocks K(t.)24

Production possibilities relations are

described as follows:

K& = F ( K , R) − C ,
S& = − R,

K (0) = K 0 > 0;
S (0) = S 0 > 0,

(3.1)

where C(t) is a single number representing consumption, R(t) is the rate of resource extraction
and depletion, and a sum of consumption C and investment K& is an output which is produced
by production function F ( K , R) with capital and resource flow as inputs. These models’
welfare function is
∞

W ρ (t ) := ∫ U ( s )e − ρ ( s −t ) ds,

(3.2)

t

where ρ > 0 and constant. Solving the welfare maximization problem we get the PV-optimal
development path. We also define maximum constant consumption as

C m (t ) := max C s.t. C ( s ) ≥ C for all s ≥ t .

(3.3)

Dasgupta and Heal (Dasgupta and Heal 1974) modeled a simple economy which uses
capital K and resource R to produce a single good for consumption and investment. On this
model they showed that under certain conditions and along an inter-temporally efficient path,
the rate of consumption must eventually fall. Hence, the PV-optimal path is unsustainable.
Unlike Dasgupta and Heal, Solow (Solow 1974) considers the issue other way around.
His objective is not to explore what happens with consumption over time when a PV-optimal
path is followed, but to examine when utility could be sustained over time. Hence, he
questions feasibility; under which conditions is constant consumption forever possible,
notwithstanding that production uses inputs of non-renewable resources that are available
only in finite total amount. As in the usual growth models, Solow applies an aggregate
production function F ( K , R) to characterize the technology. However, Solow must have
chosen a specific functional form for this production function in order to capture his essential
beliefs about sustainability.

24

K(t) is generally defined as a vector representing built capital, natural capital, environmental capital, human

capital from education, and knowledge produced by R&D (Pezzey and Toman 2002).
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The economic theory offers three main possibilities for approaching a mathematical
form of a production function. The first one is a production function linear in both of inputs,
capital as well as resource:
F = αK + βR.

(3.4)

Such a function implies that the resource is not essential in the production as for R = 0 ,
F = αK . Even with zero input of the resource, any amount of output can be produced given

there is enough capital, as shown in Figure 3.1. Hence, capital is viewed as a perfect substitute
for the non-renewable resource and the resource use in production does not mean any
infeasibility of sustainability as a constant consumption forever. In this case, no attention is
needed concerning the rate of resource depletion. Solution of such an inter-temporal problem
is trivial and does not apply to Solow’s analysis.
Figure 3.1 Isoquants of production function linear in K and R

Source: Perman et al. 2003
Another often used production function is the Leontief production function. It is also
called the fixed coefficients production function because it specifies that capital and resource
can be combined in just one way to produce an output. Thus, there is just one technique of
production and it can be mathematically expressed as:

F = min(αK , βR).

(3.5)

Leontief function says that the output F is limited by either the capital or resource, whichever
is smaller.
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Figure 3.2 Isoquants of the Leontief production function

Source: Perman et al. 2003
Figure 3.2 illustrates that given input R1, the maximum feasible output is F1, however
much K enters the production. For R = 0 , F = 0 which implies that resource is essential in
production. In this sense, the Leontief function would be applicable in Solow’s model.
However, there is a fundamental disadvantage of this function we have to take into account –
it does not allow for substitution between the capital and the resource. Substitution
possibilities are non-existent and so the initial endowment of resource, the initial resource
stock, sets an upper limit on consumption over time. This is often referred to as “cake-eating”
problem. The model excludes any substitutability between the inputs as well as any
technological change. Accordingly, when the economy runs out of resource, the production of
output is zero and so is the consumption. In fact, the inter-temporal problem is reduced to the
task of how to optimally allocate the resource stock between the agents, in the sense of
representative agents. In the context of an infinite time horizon, as used in (3.2), the
consequent solution of “fair” sharing of the resource between agents would result in zero
shares: “A finite cake cannot be divided into an infinite number of pieces” (Perman et al.
2003, 88).
All in all, if resource is essential in production and substitution possibilities are nonexistent, to make the resource last as long as possible one has to reduce the consumption as
much as possible, probably to the minimum survival level. Contrary to the linear function, in
which the solution of the inter-temporal problem was trivial, applying the Leontief function
makes the problem insoluble – constant consumption forever is not feasible. Once again, this
is not a conclusion which would suggest the Leontief function as an appropriate production
function for Solow’s analysis.
As it happens, the most appropriate production function lies somewhere between these
two extremes, so that the inter-temporal problem is not trivial and is soluble at the same time.
Solow assumes that non-zero production requires non-zero resource input and resource is
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substitutable. Thus, the specific functional form he selects to develop his model is the CobbDouglas function:
F = K α R β and β < α < α + β ≤ 1 ,

(3.6)

where α and β are the elasticities of production with respect to capital and resource
respectively. In case of this function, the two desirable properties hold since if R = 0 , then
F = 0 , and the function allows substitutability between capital and resource. Given β < α
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and enough K, very high levels of output can be produced with very little resource. Solow
concludes that constant consumption is possible. Hence, he finds the conditions for technical
feasibility of sustainability, but considers them to be too restrictive in the context of his
model. Another important observation he makes is, that such a path with utility sustained
forever is not PV-optimal. This observation raises the question of why people should be
willing to follow such a path considering their impatience that results in a wish to maximize
PV. The answer will be provided in section 3.2.2.
Figure 3.3 Isoquants of the Cobb-Douglas production function

Source: Perman et al. 2003
Stiglitz’s concern (Stiglitz 1974) is again how the existence of a finite amount of
natural capital could limit economic growth. Compared to Solow, he is asking, how serious
the scarcity problem for growth is. Stiglitz also derives his results from Cobb-Douglas
production function but adds an exogenous technical progress at rate ν > 0 :

F = K α R β eνt .

(3.7)

Introducing a technological change as an offsetting force to the limits of growth implied by
increasing natural scarcity, he concludes that the PV-optimal path grows eventually.
The relation β < α describes an empirically observable fact, that the share of output due to the natural
resource is less than the share of output due to the capital.
25
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Sustainability can be achieved on the PV-optimal path, on condition that the rate of
technological progress is not too small in comparison with the impatience. Hence, Stiglitz
argues that indefinitely growing utility over time is feasible.
Dasgupta and Heal (Dasgupta and Heal 1979) deal with the issue of limits to growth
once again in their paper in 1979. This time they focus on unlimited substitutability in a
model without a technological change and explore that exhaustible resources do not pose
limits to growth. Introducing technological progress into the model implies even greater
possibilities of unlimited growth.
Acknowledging that the input from a finite stock of non-renewable resource is
essential for production, Hartwick (Hartwick 1977) sought to find conditions which allow
intergenerational equity. Thus, by Solow’s definition of such equity, he examines the
conditions for maintaining consumption constant forever.
Firstly, Hartwick sets forth an idea to “invest all profits or rents from exhaustible
resources in reproducible capital such as machines” (Hartwick 1977, 972). Assuming that the
reproducible capital does not depreciate, he examines what this idea implies in terms of
consumption: will it rise, fall, or stay constant over time? To answer this question he
introduces a model of economy where depletion of the resource satisfies the conditions for
inter-temporal efficiency. Hartwick describes such an efficiency requirement as equality
between the rate of return from a unit of reproducible capital and the rate of return from
owning a unit of deposits of exhaustible resource.26 His result, once again derived from CobbDouglas technology,27 with constant returns to scale:
F = K α R β with α + β = 1 ,

(3.8)

points out that consumption per head will be constant over time (Hartwick certainly assumes
population being constant in his model). The obvious implication of this result is that, given
the finite stock of natural resource, the infinite time horizon necessarily means that the current
flow of resource extracted must asymptotically approach zero as time goes to infinity.
26

In price terms, this requirement is often referred to as the Hotelling Rule. The Hotelling Rule is summarized

by Hartwick and Hageman (Hartwick and Hageman 1993, p. 222) as follows: ”If under quite restrictive
assumptions,..., mineral stock owners are extracting at each date so as to maximize the discounted future profits
from their mineral holding, then the rental earned on the marginal ton extracted will increase over time at the rate
of interest.”
27

However, Hartwick extended this model later to constant elasticity of substitution technology with an

elasticity greater than 1 (Hartwick 1978).
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Nevertheless, Hartwick’s savings-investment rule was, as he claims, already implicit
in Solow’s model. The difference is that Solow did not include extraction costs in his
formulation of the model. At the end of the paper, Hartwick proves that taking depreciation of
reproducible capital into account implies a different conclusion; savings investment rule does
not provide for the maintaining of constant consumption over time. At this point, it must be
emphasized that even in the model without depreciation Hartwick’s rule is necessary but not
sufficient, since it works only if the conditions for inter-temporal efficiency are satisfied and
sustainability defined as constant consumption is feasible.
Further contribution to this model was offered by Solow in 1986 (Solow 1986). CobbDouglas technology with constant return to scale, no technological change, and no population
growth is used to show that the savings investment rule can be interpreted as stating that the
capital stock including the initial resource endowment is being maintained intact. However,
Solow stresses that in case of inclusion of technological change or population growth or both,
the extension of the conclusions is not an easily solvable problem.

3.1.2

Criticism of the theory stemming from the entropy law and the mass and energy
conservation laws28

Recalling Solow’s model, constant consumption forever in the economy with
exhaustible resources is, under certain conditions, feasible. Accordingly, Solow pointed out
that “the world can, in effect, get along without natural resources...” (Solow 1974, 11). Such a
strong statement must have inevitably provoked a vivid discussion going beyond the scope of
mainstream economics. Remarkable contribution to the discussion was made by Nicholas
Georgescu-Roegen, who in his famous book The Entropy Law and the Economic Progress
published in 1971 envisaged the relevance of the entropy law to economic analyses of limits
to growth and concluded that such limits exist. In his reaction to Solow, he noted: “To
maintain further that ‘the world can in effect get along without the natural resources’ is to
28

The law of mass conservation states that the mass in a closed system is constant and the law of energy

conservation states that the total amount of energy in a closed system is constant (in thermodynamics this law is
referred to as the first law of thermodynamics). Energy, as well as mass, can change form but cannot be created
or destroyed. The entropy law, also called the second law of thermodynamics, states that whenever the energy is
out of equilibrium a potential exists that the world acts to dissipate; all natural processes are irreversible. This
law also predicts that the entropy of an isolated system always increases with time.

34

ignore the difference between the actual world and the Garden of Eden” (Georgescu-Roegen
1975, 361).
Even though his ideas were generally ignored by mainstream economics, which
acknowledged the existence of the entropy and conservation laws but considered their impact
on the economic analyses as too insignificant, his work influenced substantially
environmental movement as well as attracted the attention of ecological economics. Since the
thermodynamic laws were introduced into the concern about growth by Georgescu-Roegen,
and Ayres and Kneese,29 many economists have dealt with consequences of these laws for
economic analyses. A resurgence of the Solow vs. Georgescu-Roegen dispute occured in the
late nineties, when ecological economist Herman E. Daly (Daly 1997) asked Solow and
Stiglitz to comment on the objections made by Georgescu-Roegen.
One of the key Georgescu-Roegen’s objections, according to Daly, relates to Solow’s
choice of Cobb-Douglas technology as a production function (equation 3.6). GeorgescuRoegen expresses R β from the function as:
Rβ =

F0
,
Kα

(3.9)

implying that basically any output F0 can be obtained given this condition for R β .
Consequently, he decomposes R into an infinite series of Ri so that R = ∑ Ri and with
Ri → 0 he shows that constant annual output can be achieved every year i using the input Ri
if the stock of capital is increased so that 3.9 holds. At this point, Georgescu-Roegen stresses
that any such increase of capital implies additional depletion of resources. In the rhetoric of
the first law of thermodynamics, material process is always a transformation of one material
to another so that total amount of material is constant.
Another consequence of this law relevant to Cobb-Douglas function is that physical
marginal product of capital must be equal zero. This comes from the general definition of
marginal product as a product of one additional unit of production factor keeping the amount
of other factors fixed. Hence, with the constant quantity of natural resource one cannot get a
non-zero marginal product of capital because according to the mass conservation additional
physical output can be made only from an extra physical substance.
Highlighting particularly these two consequences of the first thermodynamic law,
Daly argues that substitution is possible between the agents of transformation such as labor
29

Ayres and Kneese used them in the static input-output analyses.
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and capital but not between the agents and resources – material. He deduces that, contrary to
the substitutability assumption of weak sustainability, the agents and material are more
complements than substitutes. He concludes that “the world cannot get along without natural
resources” (Daly 1997, 265).

3.1.3 Response to the criticism

However, the impression of Daly’s critique seems to be too pessimistic. Daly neglects
several points regarding the issue of material transformation. Acknowledging the fact that
mass conservation law must hold, there are still situations when the amount of physical capital
needed for one unit of production can be reduced. First, under the term ‘one unit of
production’ we should not understand a physical unit but a unit expressed in the value of
services provided by the product. Second, substitution between non-renewable and renewable
resources is of relevance, since the use of renewable resources is not limited by their scarcity.
For instance, new technology can introduce an efficient way of solar energy utilization so that
non-renewable resources used for energy generation can be replaced by the renewable solar
ones. With respect to material utilization, current production technologies are still far from
perfection and their improvement can, as the history of technology development has already
shown, result in resource wastage reduction. Accordingly, recycling returns some of the nonrenewable resources back to production process. An increase in resource prices can lead to
research and development investments that are sufficient to sustain unlimited growth.
Such observations could be found in Solow’s and Stiglitz’s replies to Daly. However,
the key response is embodied in different arguments and relates to the very rationale of
economic modeling. Though extending the time horizon used in models to infinity, in
actuality only an intermediate time horizon of let’s say 100 years is concerned when searching
for answer to sustainability problem (Stiglitz 1997). Solow adds that: “everything is subject to
the entropy law but this is of no immediate practical importance for modeling what is, after
all, a brief instant time in a small corner of universe” (Solow 1997, 268). Solow also mentions
the fact that the criticized models were developed a few decades ago and that the analytical
approaches have moved forward considerably since that time. Lastly, Daly calls for accuracy
in the analytical presentation of reality rather then mathematical tractability, whereas Solow
writes: “Precise statements best cast in the form of transparent models, are better than grand,
heart felt pronouncements about these issues” (Solow 1997, 268).
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There is no doubt that the dispute about relevance of economic modeling and its
implications for real life is not completely resolved yet. Nevertheless, there were attempts to
provide rigorous proof that the thermodynamic laws matter for the economic analysis. Figure
3.4 shows how M. Ruth modifies the Cobb-Douglas production function in order to take the
thermodynamic constraints into account (Ruth 1995). He introduces minimum essential
quantities of energy E ∗ and matter J ∗ necessary to produce a certain quantity of output Y.
These minimum quantities are represented by two asymptotes parallel to the axes and can be
calculated from the thermodynamically determined minimum inputs per unit output since both
material and energy inputs are measured in physical units.
Figure 3.4 Essential minimum input quantitites

Source: Ruth 1993
Ruth’s solution, however, cannot be applied to more complex situations. Its first
shortcoming stems from the fact that output may not always be easy to express in physical
units. What is more, the requirement of measuring output in physical terms may also be
questioned, as discussed above. Another problem of this approach relates to an observation
that inputs may already have gone through many other transformations. This would have
serious implication with respect to the substitution possibilities within the process considered.
Stern’s attempt to deal with the problem of substitution possibilities lies in considering
the indirect energy and material costs of construction and maintenance of capital and labor at
macro level (Stern 1997). For simplicity, he unrealistically assumes that energy extraction
and capture bear no indirect capital costs, whereas capital construction and maintenance do
bear indirect energy costs as pictured by g(K) in Figure 3.5. Consequently, the neoclassical
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isoquant of production f(K) is modified to “net” isoquant h(K). Hence, the socially efficient
region of the production function does not include the areas with large capital input.
Abandoning the assumption of no capital costs of energy extraction leads to decreasing
returns to all factors and thus inefficient areas of extreme factor ratios.
Figure 3.5 Substitution and indirect energy requirement

Source: Stern 1997
Stern’s modification of Cobb-Douglas function leads, therefore, to different
conclusion with respect to substitution possibilities compared to traditional neoclassical
results, as shown in the previous section. Furthermore, Stern suggests employing other
production functions in order to satisfy the requirement of sufficient generality, such as CES
function with an elasticity of substitution less than one or translog production function.30
Yet, many authors argue that tools employed so far to analyze the effect of
thermodynamic laws on economic modeling were mostly informal or lacked required
generality. The search for a broadly applicable formal analysis still continues. Most recently,
such an attempt was made by F. Krysiak who concludes that the limits to growth for the
production of most physical goods are likely to exist but do not imply that such limits will be
met in foreseeable future, as no quantification of these limits is made in his analysis.

30

Unlike the CES function, translog function can be effectively generalized for more than two inputs (Stern

1997).
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3.2

Conundrums in defining weak sustainability
Unlike strong sustainability, weak sustainability could well be defined mathematically.

Yet, the neoclassical, hence weak sustainability contains some approximations that should be
taken into account when deriving practical tools for policy makers.

3.2.1 Current, optimal and sustainability prices and quantities

The key approximations stem from the presence of externalities in the market. Due to
their pervasive character, current prices, which are either directly observed or estimated with
non-market valuation techniques, are different from the optimal ones that would be observed
on a PV-optimal path after policy intervention. Hence, the neoclassical approach to
sustainability assumes that the current prices and quantities approximate the optimal ones.
Considering a situation when sustainability imposes any constraint on optimality and
therefore further policy intervention is necessary to achieve such a constraint, sustainable
prices and quantities are different again. The neoclassical approach proves a theoretical
inequality between measures with optimal prices, and quantities and sustainability because
optimal prices do not carry any exact information about sustainability.

3.2.2 The Economic Man versus the Citizen

It is also assumed that the goal of policy intervention is PV maximization subject to a
sustainability constraint. On the other hand, individuals are not assumed to seek sustainability
in their private actions, only PV optimality. So, why should the government intervene to
achieve sustainability when private agents are interested just in PV maximization?
Maximizing present value has generally nothing to do with sustainability, as it was discussed
before.
It is believed that this kind of paradox could be resolved by distinguishing between
private and public concerns about the far future. The split between private and public
concerns is based on an assumption that an individual acts so as to maximize some form of
present value, while voting for the government that applies a sustainability constraint. Hence,
the individual treats private decisions as the domain if Economic Man and governmental
decisions as the domain of Citizen (Marglin 1963). On the other hand, sustainability concern
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could also be reflected in the way the PV is computed. One may question the choice of a
proper discount rate, also called the rate of impatience.

3.2.3 Discounting the utility

An extreme situation would be not to discount while computing the PV. Opponents of
this approach argue that it would lead to a tyranny of the future over the present, since each
generation has an equal weight and so the needs of current generation are neglected, if there is
a sufficient amount of generations. In contrast, widely used discounting at constant rate of
discount might lead to tyranny of the present over the future in sense of neglecting the needs
of distant future generations. Such a discounting results in even huge distant future value
having a very tiny present value. Applying a discount rate which is not low enough to the
distant future has no relevance today due to the power of compound discounting at such a rate
(Weitzman 1988). In consequence, one can make use of high discount rate when discounting
near future but the rate should have declining tendency in long-term future. G. Chichilinski
(Chichilinski 1996) showed that declining discount rate overcomes the tyranny of the present
problem as it is consistent with the rule that current generation takes into account the needs of
future generations.
Discounting at a declining rate, which is often referred to as hyperbolic discounting,
has appealed to many scientists, though there was for a long time only little factual evidence
for it. However, quite plentiful empirical as well as experimental evidence has been shown
recently, that in many situations people’s rate of impatience does decline over time, especially
when they consider the remainder of their own lifetime from now on. However, neither the
constant, nor the non-constant rate of impatience fully describes the reality. It has been also
shown that non-constant rate of impatience typically causes inconsistency over time, as
described in the following section.

3.2.4 Time-inconsistency problem

From a broader point of view the so called time-inconsistency problem goes hand in hand
with the question why to commit to sustainable development, as discussed in section 2.4. Given a
commitment to sustainable development of a current generation, there is no binding rule for
coming generations to commit to it as well. Some future generation may not find important to

40

commit itself to sustainability and even may tend to abandon sustainable development as a
whole. This possibility, indeed, has a negative impact on the incentives particularly for the
current generation to decide for sustainable development. Why sacrifice ourselves when the
sacrifice made to bring benefits to all future generations would be exploited entirely just by any
single next generation, which would decide to opt out from the sustainable development plan?
Accordingly, the question is, if a current generation decides to commit to sustainable
development, is there a way to solve the time-inconsistency problem?
Unfortunately, a simple answer is not at hand. Yet, there are some ways to approach this
problem and mitigate it (Neumayer 2003). The first one lies in making future generations
commit to sustainable development from the simple reason that it is in their own interest31 and
the second one suggests influencing coming generations such that they consider sustainable
development to be the right decision. Neither of these solutions guarantees that future
generations will actually stick to sustainable development. The first solution, for instance of
financing sustainable development by issuing long-term bonds, might result in some undesirable
distributional side-effects or future generations serving the sustainability debts but at the same
time adopting measures conflicting with the general goal of sustainability. The second solution
which could be carried out by educating offspring about desirability of sustainable development
goal could overcome the problem but there is no certainty about the impact of such an education.
Still, in trying to educate current children, the current generation might feel enough incentives to
commit to sustainability itself.
The time-inconsistency problem could also stem from the fact that people make plans
for their entire future but often change their mind when reconsidering the plan at some point
in the future (Frederick et al. 2002).32 One possible way to overcome the time inconsistency in
context of hyperbolic discounting is provided by John Pezzey (Pezzey 2004a). The essential
idea behind his solution is based on a distinction between relative and absolute discounting. It
is claimed that in contrast with relative discounting the discount factor applied in absolute
31

This could be done, for example, by financing a sustainable policy by issuing long-term bonds that have to be

repaid gradually over a long time period. Any next generation which would like to opt out and so would default
on the sustainability debt would not act in its own interest, since the defaulting would raise the risk premium and
thus also the interest payments for debts made by the opting out generation for its own purposes.
32

To avoid this inconsistency one can use binding contracts, for instance, to stop him from undoing his decisions

made in the past. However, such an mandatory commitment mechanism is not often available. Furthermore, in
reality, the decision maker has to be aware of the time-inconsistency problem first to foresee the need for a
commitment.
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discounting depends not only on how far the future point is relative to present point, but also
on how far it is from the absolute origin of time. As it is pictured in Figure 3.6, the average
person’s discount factor falls continuously over time33 along Curve I which could be written
as D0 (t ) = 1 /(1 + t ) and thus is an example of hyperbolic discounting.
Figure 3.6 Conventional and alternative approaches to discount factors used to
reconsider future plans

Source: Pezzey 2006
The crucial point comes when one wants to reconsider the future plans, say after two
periods at time t = 2 . Following the relative approach would result in shifting the original
Curve I two time periods to the right and thus moving along Curve II: D0 (t − 2) = 1 /(1 + t − 2) ,
while applying the absolute approach means restarting the discounting by using discount
factor illustrated by Curve III: D0 (t ) / D0 (2) = (1 + 2) /(1 + t ) . Hence, under the relative
approach the discount rate of 50 per cent between times 2 and 3 is inconsistent with the
discount rate of 25 per cent in the same time period but when making future plans at time
t = 0 ; under the absolute approach the discount rate amounts to 25 per cent and therefore the

plan for t = 2 is consistent with the original one.
33

The discount rate is also non-constant; it falls from 50 per cent between times 0 and 1, to 331/3 per cent

between times 1 and 2, to 25 per cent between times 2 and 3, and so on.
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As a consequence, the absolute discounting would require that people constrain their
personal impatience depending on absolute time, in other words, on how sustainable the world
is at the time when they happen to be living. In actuality, any such constraint has not been
observed yet, though many times proclaimed. Pezzey’s solution thus remains just a theoretical
possibility. Not surprisingly then, some authors argue that the requirement of time consistency
can hardly be expected to hold for the process of decision making in reality.
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4.

Measurement and policy implications
“We have learnt how to fly in the air like birds, how to swim in the sea like fish; there

is one thing left, to learn how to live on the Earth like human beings.”
G. B. Shaw

4.1

Measuring sustainability
Measuring sustainability becomes a very important issue provided a country is

committed to sustainable development, since sustainability measures are necessary to assess
whether and if so which policy measures should be taken to achieve sustainability. In
actuality, there are many indicators aspiring to answer this question, however, it seems
unlikely that there could exist a single indicator capable of capturing all of what is meant by
the term sustainability. The reason is, as we have shown in the previous section, that there are
many alternative definitions of sustainability and these alternative definitions inevitably lead
to alternative measures.
Table 4.1 Classification of indicators of sustainable development
Measures of

Weak
Sustainability

Strong
Sustainability

Type

Indicator

Genuine Savings
Green Net National Product
Monetary Index of Sustainable Economic
Welfare
Genuine Progress Indicator
Ecological Footprints
Material Flows
Physical
Environmental Space
Net Primary Productivity
Sustainability Gaps
Greened National Statistical and
Hybrid Modelling Procedures
Sustainable National Income
according to Hueting

Studies
Pearce and Atkinson 1993
Hartwick 1990
Daly and Cobb 1989; Cobb et al.
1995
UNDP 1996
Rees and Wackernagel 1994
Schmidt-Bleek 1993
Hille 1997
Vitousek et al. 1986
Ekins and Simon 1999
European Community 1994-1996
Hueting 1980

Source: Hanley 1999, Neumayer 2003
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Accordingly, some of the indicators try to measure weak sustainability whereas others
are indicators of strong sustainability. Further distinction relates to the way values which the
indicators work with are expressed: monetary indicators, physical indicators and hybrid
indicators, which combine physical standards with monetary valuation.34 Since weak
sustainability is based on the unlimited substitutability assumption which allows
commensurability so that all values can be expressed in monetary terms, all weak
sustainability indicators are the monetary ones. Table 4.1 shows a classification of the most
well known and frequently used indicators.

4.2

Genuine Savings (GS)
Given the vast array of sustainability indicators, we do not aspire to shed light on all of

them, contrarily, we shall focus just on one, namely on Genuine Savings, to discuss its
relevance and appraise it critically. Before we attempt to do so, it is important to understand
the theory behind the measure.
Traditionally, the natural environment is excluded from the accounting algorithm.
However, the World Bank has, among others, made an attempt to include natural as well as
human capital into a saving measurement (World Bank 2002, 4): “While standard measures of
“savings” and “investment” reflect changes in the value of a certain, limited set of assets, a
more inclusive and realistic definition of what constitutes an asset can lead to a
correspondingly more realistic picture of how a nation invests.” Hence, a broader view of the
set of assets was taken, that natural and human capital are also assets upon which the
productivity and well-being of a nation rests.

4.2.1 Empirical application of Hartwick rule

According to the well-known rule of thumb, which was introduced in section 3.1.1 as
the Hartwick savings-investment rule, sustainability is achieved by a policy to invest the rents
from resource depletion in alternative forms of wealth which under certain conditions ensures
that in the aggregate the change of real value of assets is non-negative (Hartwick 1997).
34

This classification is based on Neumayer’s one (Neumayer 2003). Other classifications exist, of course. For

example, Hanley et al. classify indicators into three groups, namely ecological, economic, and socio-political,
and further sub-divide these groups into single or aggregate indicators (Hanley et al. 1999).
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Pearce and Atkinson proposed a measure of weak sustainability (Pearce and Atkinson 1993)
which is the empirical application of the Hartwick rule and has now become known as
Genuine Savings35. Adopting a neoclassical stance and thus assuming the possibility of
substitution between man-made and natural capital, they assert that economy is sustainable in
case it saves more than the combined depreciation on the two kinds of capital. That is, an
economy is sustainable if:
S > (δ M + δ N ) ,

(4.1)

where S is saving, δ M is the value of depreciation on man-made capital, and δ N is the value
of depreciation on natural capital. Dividing by income36 we get
S Y > [(δ M Y ) + (δ N / Y )] .

(4.2)

The Genuine Savings (GS) measure is thus given by:
GS = ( S Y ) − (δ M Y ) − (δ N / Y ) ,

(4.3)

where GS produces a deviation from marginal sustainability. The conclusion of Pearce and
Atkinson was that the higher is any negative value of GS, the more effort must be made to
achieve sustainability relative to national income.

4.2.2 A formal model

In this section a more rigorous development of the idea of the genuine savings
measure is provided using a dynamic optimization model as an extension and modification of
35

The term “genuine” was introduced by Hamilton (Hamilton 1994) to distinguish genuine savings from

traditional net savings. Net savings refer only to man-made or produced capital, while genuine savings refer to
all utility relevant stocks of capital, including natural capital as well as human capital.
36

As income we can understand either Gross Domestic Product (GDP) or Gross National Income (GNI). The

World Bank uses GDP as the denominator in the Genuine Savings (GS) formula and GNI in the Adjusted Net
Savings (ANS) formula. The relative difference between these measures is marginal; the GDP and GNI as
denominators are used interchangeably. The Adjusted Net Savings name has been adopted by World
Development Indicators producers and under this name it appears in publications of World Development
Indicators and in the Little Green Data Book since 2002. However, the name Genuine Savings, as originally used
by intellectual fathers, is still used today and most known. Hence, for simplicity and to avoid any confusion, we
use just the name Genuine Savings, though working with the World Bank data based on Adjusted Net Savings.
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Hartwick model (Hamilton 2000, Neumayer 2003).
In this model a closed economy37 with constant population is assumed. Further
assumptions include welfare function as a utilitarian function discounted by a constant rate of
discount, stationary technology,38 no unanticipated future shocks, availability of all
information about the future in the present, prevailing perfect competition and production
technology with constant returns to scale.
As it was suggested above, human capital and natural capital, which consists of the
stock of non-renewable resources, of renewable resources and of pollution, are taken into
account besides man-made capital. Since our model is a dynamic one, emphasis is placed on
dynamic changes of the capital stocks:
•

S& = D − R ,

the change in the stock of non-renewable resources equals to resource

discoveries D minus resource depletion R
•

X& = D , the change in the stock of accumulated discoveries of non-renewable
resources equals to current discoveries D

•

Z& = a( Z ) + G − E , the change in the stock of renewable resources equals to its natural
growth a(Z) plus human induced growth G minus harvest E

•

P& = γF (.) − b( P) − A , the change in the stock of pollution equals to pollution caused
by production γF (.) minus natural restoration b(P) minus abatement A

•

M& = N , the change in the stock of human capital equals to investment into
human capital39

•

K& = F ( K , L, R, E , P, M ) − C − f ( R, S ) − g ( D, X ) − h( E , Z ) − i ( A) − j ( N ) , the change
in the stock of man-made capital defined as a residual equals to total output F(.) minus
consumption C(.), expenditures for mining f(.) and exploring g(.) non-renewable

37

The closeness of economy means that trade in resources and commodities between different economies as well

as transboundary or global pollution are not taken into account. Indeed, modifications could be made which
would lead to an assumption of open economies.
38

Stationary technology signifies that the vector of current capital stocks captures all variable determinants of

current productive capacity (Asheim 2003).
39

It is assumed that human capital does not depreciate over time.
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resources, for harvesting renewable resources h(.), for pollution abatement i(.), and
expenditures into human capital j(.)40.
It is assumed that a social planner wishes to maximize wealth as follows,
∞

max W = ∫ U (C , Z , P) ⋅ e − ρt dt subject to:

(4.4)

0

K& = F ( K , L, R, E , P, M ) − C − f ( R, S ) − g ( D, X ) − h( E , Z ) − i ( A) − j ( N )
S& = D − R
X& = D
Z& = a( Z ) + G − E
P& = γF (.) − b( P) − A
M& = N
The current value Hamiltonian function which is maximized at each point in time, is
given by:
H = U (C , Z , P ) + λK& + µS& + ωX& + φZ& + ψP& + ξM& , hence:

(4.5)

H = U (C , Z , P) + λ [F (.) − C − f ( R, S ) − g ( D, X ) − h( E , Z ) − i ( A) − j ( N )]
+ µ [D − R ] + ω [D ] + φ [a( Z ) + G − E ] + ψ [γF (.) − b( P) − A] + ξ [N ]

(4.6)

where all the variables are evaluated at time t and λ , µ , ω , φ ,ψ , ξ are respectively the shadow
prices in utils of the state variables man-made capital K, the stock of non-renewable resources
S, the stock of resource discoveries X, the stock of renewable resources Z, the stock of
pollution P, and the stock of human capital M.41
To solve this maximization problem it is assumed that all functions are well behaved
and continuously twice differentiable, and that an optimal solution exists. After deriving the

40

The motivation for the arguments of the production function, the growth functions and the expenditure

function is provided in Appendix 1.
41

While

λ > 0, µ > 0, φ > 0, ξ > 0 , the shadow cost of the stock of pollution ψ < 0

the stock of resource discoveries ω < 0 .
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and the shadow cost of

first order conditions and further rearranging the equations42 we arrive at Genuine Savings
defined as:

[

]

GS = K& ∗ − FR∗ − f R∗ − i A∗ γFR∗ ⋅ R ∗ + g D∗ ⋅ D ∗
+ F ∗ − h ∗ − i ∗ γF ∗ ⋅ Z& ∗ − i ∗ P& ∗ + j ∗ ⋅ M& ∗

[

E

E

A

E

]

A

(4.7)

N

where stars indicate optimal values. Hence, compared to traditional savings measure, genuine
savings measure is amended and thus corrected by a few terms. Genuine Savings consist of
the following terms:
•

K& (>0 or < 0) stands for net investment into man-made capital.

•

[FR − f R − i AγFR ] ⋅ R

(>0) stands for the depletion value of non-renewable resources,

where resource depletion R is valued at the terms in the brackets: the price for the
resource FR minus its marginal extraction costs, and minus marginal pollution effect of
extracting one unit of the non-renewable resource valued at marginal abatement cost
i AγFR . This term has to be subtracted. In other words, Hotelling rents have to be

subtracted and revenues from an optimal Pigouvian tax have to be added.43
•

g D ⋅ D (>0) stands for the value of non-renewable discoveries and has to be added.

•

[FE − hE − i AγFE ]⋅ Z&

(>0 or < 0) stands for the value of the net change in the stock of

renewable resources. It is analogous to the depletion value of non-renewable
resources.
•

i A P& (>0 or < 0) stands for the value of the net change in the stock of pollution valued
at marginal abatement cost.

•

j N ⋅ M& (>0) stands for the value of the increase in the human capital stock at its
marginal investment cost.

42

Shown in Appendix 2.

43

The residual of price minus cost times the depleted quantity is called the Hotelling rents. Since a development

on optimal path is assumed, marginal abatement costs equal marginal social costs and these equal the optimal
Pigouvian tax (Hamilton 1996).
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4.2.3 Genuine Savings in practice

Building upon the theory, the World Bank proposed the genuine savings measure and
gave data on it for the first time in 1999 in the World Development Indicators 1999. Unlike
some previous studies which dealt with particular countries in depth, the World Bank
calculations covered more then 100 countries from 1970 onwards. Its measure of genuine
savings is derived from standard gross national savings by making four adjustments to arrive
at Genuine Savings rate GS (World Bank 2002):
GS = (GNS − DH + CSE − ∑ Rn ,i − CD ) / GNI

•

(4.8)

Gross national savings GNS are calculated as the difference between gross national
income GNI and public and private consumption.

•

Depreciation of produced capital DH is subtracted.

•

Current spending on education CSE is added, since expenditures on a formation of
human capital cannot be considered as consumption as it is in the standard national
accounts.44

•

Rents from depletion of natural resources

∑R

n ,i

are subtracted. Rents are derived by

taking the difference between world prices and the average unit extraction or harvest
costs, times production/harvest. Energy, mineral and forest depletion is included.45
Damages from carbon dioxide emissions CD are subtracted. CO2 emissions are

•

supposed to function as a proxy for other pollutants.46
Following the equation (4.8), the World Bank arrived at results which are pictured in
Figure 4.1 and 4.2. Figure 4.1 shows the development of Genuine Savings rate between the
years 2000 and 2004 for different regions, which are formed by countries included in the data
set as shown in Appendix 3. Over this period the world as a whole, East Asia and Pacific,
44

The calculation of CSE includes current operation expenditures in education such as wages and salaries.

Capital investments in buildings and equipment is already considered investment in standard savings measure,
therefore it is excluded from CSE.
45

The following items are considered: oil, natural gas, hard coal, brown coal, bauxite, copper, iron, lead, nickel,

zinc, phosphate, tin, gold, silver, and forests.
46

CO2 emissions were valued at US$20 per metric tonne of carbon in 1995 and this value is deflated for other

years.
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South Asia, and Latin America and Caribbean never have negative values of GS. East Asia
and Pacific achieve the highest rates with GS fluctuating between 20 per cent and 30 per cent,
while the lowest rates are achieved by Middle East and North Africa followed by SubSaharan Africa. Middle East and North Africa have negative GS throughout the whole period;
in case of Sub-Saharan Africa we can observe two positive values. World and South Asian
GS are relatively constant around 10 per cent, Latin American and Caribbean at 5 per cent.
Europe and Central Asia region almost touches zero in 2003 and is slightly below in 2000,
otherwise is positive. At such a level of aggregation, the most problematic regions are those
with high natural resource extraction. This, however, holds true for individual countries as
well and not only for those in these problematic regions.47 Hence, many developing countries
dependent on resource exploitation are weakly unsustainable.
Figure 4.1 GS for regions (% of GNI)
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Turning to comparison between countries grouped according to their income as
shown in Appendix 3 we arrive at Figure 4.2. The difference in GS between lower and higher
income could be largely explained by a difference in the gross saving rate, by a difference in
the depletion which is higher in low income countries, and by a difference in the education
expenditures.

47

This is documented by the figures of GS for 139 countries in the reference year 2004, as shown in Appendix 4.
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Figure 4.2 GS for different income groups (% of GNI)
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4.3

Critique of GS
Since the concept of genuine savings was introduced to public, it has encountered

much criticism due to its restrictive framework as well as the way it is practically computed.

4.3.1 Conceptual problems of GS

To start with, the GS rule becomes more complex when one abandons the assumptions
of the model from which the measure was derived, mentioned in section 4.2.2, such as
unrealistic assumptions of constant population48, stationary technology, no unanticipated
future shocks, or constant rate of discount (Asheim 2003).
Nevertheless, the most serious problem of GS from a conceptual point of view relates
to the difference between current, optimal and sustainable prices and quantities, as described
in section 3.2.1. Since externalities are not internalized, current prices and quantities differ
from the optimal ones and the assumption of development along the optimal path is not
satisfied, hence neither the assumption of inter-temporal efficiency. Consequently, GS can be
48

Allowing for a non-constant population results in a not very surprising finding that many developing countries

appear to be even less weakly sustainable.
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defended as a reliable measure only if one believes that the economy develops sufficiently
close to the optimal path. In addition, even on an optimal path, an economy need not be
sustainable. GS also represents only a point measure of sustainability at any time whereas the
definition of sustainability talks about non-declining utility over time. All in all, GS is at best
a one-sided measure of sustainability. Given the objections mentioned above, positive values
of GS can go hand in hand with unsustainability.
Despite the fact that this point is acknowledged by the World Bank, it may be ignored
by policy makers as is demonstrated by an example of Ukraine between the years 2000 and
2004, pictured in Figure 4.3. The only possible interpretation of this chart is, that given the
negative values of GS in 2000 and 2001, Ukraine was weakly unsustainable in this period.
However, policy makers might be tempted to take positive values between the years 2002 and
2004 as a signal of achieving weak sustainability of Ukraine.49 Such an interpretation is
apparently wrong.
Figure 4.3 GS for Ukraine (% of GNI)
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Furthermore, increasing GS of Ukraine in this period cannot be trusted as signal of moving to an optimal

direction neither (Neumayer 2003).
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4.3.2 Critique of the WB computations

Moving to the World Bank’s computation itself, what are the most problematic
aspects? Focusing on the components of GS we arrive at the following findings.
Apparently, one of the problems refers to the way the pollution is accounted for. The
only pollutant taken into account in the computations is CO2 emissions. Not surprisingly, this
fact seems to work in favor of developed countries. These are often not identified as
potentially unsustainable due to the fact that only CO2 emissions are considered. Furthermore,
developing countries might argue that their incremental CO2 emissions should count less as
most harm is caused by the already existing stock of CO2 emissions mainly consisting of
developed countries emissions.
Acknowledging the first objection, many argue in favor of enlarging the scope of
pollutants considered in the computations: pollutants such as sulphur oxides, nitrogen oxides,
fecal califorms or particulate matter should also be included. However, such an inclusion of
further pollutants is not free of problems. In this context it is important to mention that one
may tend to confuse welfare and sustainability measures. Take noise for example. It may
affect welfare negatively and thus can be taken into consideration when computing a welfare
indicator, whereas in case of sustainability indicator it makes no sense to include it. It does
not affect whether the development is sustainable or not.
Accordingly, SO2 or particulate matter might cause respiratory problems but as long as
it does not lead to capital depreciation, just to disutility, it is more a component of welfare
indicator rather than sustainability indicator. However, long-term exposure to high
concentrations of SO2, particularly in conjunction with high levels of particulate matter,
aggravate cardiovascular disease and respiratory illness. In other words, human capital is
depreciated, morbidity and mortality are increased and any indicator of sustainability should
reflect it.50 Even more importantly, SO2 can accelerate the corrosion of natural and man-made
materials that are used in buildings and monuments.51 The result is man-made capital

50

On the other hand, as it will be mentioned later, depreciation of human capital in the context of GS

computation is also arguable.
51

Such materials are for instance concrete, limestone, or iron-containing metals, zinc, and other protective

coatings.
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depreciation which is not negligible.52 Again any pollutant with such effects on capital should
be included in sustainability indicator computation.
The World Bank has acknowledged this objection recently and the first extension to
the scope of pollutants considered was made. GS figures for the reference years from 1990 to
2004 were adjusted by PM10, which stands for Particulate Matter up to 10 micrometers in
size (World Bank 2006).
Equally, there are more renewable resources than just forests to be taken into account,
such as water, fish or soil. More generally, biodiversity should not be omitted. Regarding the
current education expenditures as the only item of investment into human capital is also a
rather crude approximation, however, no better way of human capital investment estimation
for such a wide range of countries over such a long time has been developed. What is more,
there is a dispute concerning the depreciation of human capital. Many could object that human
capital is lost once people die, whereas others could claim that it is not lost since it is passed
on (Dasgupta 2001). In any case, the corrections would probably be difficult to account for.
Considering the quality of data used, the World Bank has a lot to improve. Its attempt
to compute GS for most countries in the world over such a long period of time inevitably
results in a lower data quality.
The way resource depletion is accounted for might also be arguable. One would argue
that since resources depleted in poor countries are exported to rich countries, rich countries
should be responsible for their extraction. However, this is not the point because the question
is not who should be blamed for the depletion. It is up to every single country to handle its
endowment of natural capital in a sustainable way, therefore the depreciation of the natural
capital should be reflected just in the “mining” country GS figure.
A different criticism relates to the calculation of natural capital depreciation
(Neumayer 2003). In the framework of a competitive intertemporally efficient economy it is
equal to Hotelling rent as already discussed:
( P − MC ) ⋅ R

(4.9)

where P is the resource price, MC is the marginal cost and R is resource extraction (in case of
renewable resource it is harvesting beyond natural regeneration). Recalling the formal model
52

The annual costs of damage to exterior materials and coatings in Prague due to exposure to SO2 pollution were

estimated to 73 m. € (Knothova and Kreisova 2004).
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from section 4.2.2, the relevant terms are equivalent except for the term referring to pollution
effect of the extraction.53 However, applying the theoretically correct equation (4.9) in
practice seems to be even more troublesome. Due to the lack of data on marginal cost the
World Bank replaces marginal cost with the available average cost:
( P − AC ) ⋅ R

(4.10)

Instead of equation used by the World Bank some argue in favour of El Serafy method
(Neumayer 2003):
⎡
⎤
1
( P − AC ) ⋅ R ⋅ ⎢
n +1 ⎥
⎣ (1 + r ) ⎦

(4.11)

where r is the discount rate and n is the number of remaining years of the resource stock and
so r>0 and n>0 imply a smaller depreciation term for resource extraction compared to the
World Bank’s results.
The appeal of the El Serafy model stems from a few facts. First, it does not depend on
marginal cost and so can use average costs without apology (not so for the World Bank’s
equation). Second, it does not depend on the assumption of a competitive economy
developing along an intertemporally efficient path. Third, employing El Serafy method brings
more realistic results in the case of resource-dependent countries compared to the World
Bank’s equation. Take Saudi Arabia for example, as pictured by Figure 4.4. According to the
World Bank’s computations Saudi Arabia appears to be highly unsustainable. Applying El
Serafy method brings a different conclusion because El Serafy method takes into account
enormous oil and natural gas reserves of the country as there is fundamental difference
between extracting a given volume from a large or small stock (El Serafy 2001, World Bank
2003). On the other hand, the disadvantage of El Serafy method is that one has to choose the
discount rate r and to estimate n which are of some difficulty as well.

53

The overestimation of resource rent due to neglecting pollution is small but not negligible, as calculated by

Neumayer (Neumayer 2003).
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Figure 4.4 GS using El Serafy method and GS using World Bank method (% of GNI)

Source: Neumayer 2003

4.3.3 GS as a redundant measure

Talking about the problematic character of GS, an idea was set forth that GS is an
empirically redundant measure as it is almost identical to unadjusted net savings for the
majority of countries (Pillarisetti 2005). To examine the hypothesis that GS does not provide
us with any additional information compared to unadjusted net savings we plot GS and
unadjusted net savings as pictured by Figure 4.5.
Figure 4.5 GS and Net Savings for all 139 countries (% of GNI)
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Data released by the World Bank for the reference year 2004 are used (World Bank
2006). When employing data for all the 139 countries for which figures on GS and net savings
are available we arrive at Pearson coefficient of correlation54 of

0,28, suggesting low

correlation between the two measures. Hence, we can not conclude that GS is redundant.
Figure 4.6 GS and Net Savings for 110 countries (% of GNI)
GS in per cent × NS in per cent
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However, the situation changes when we reduce the data and take away those with
negative GS and positive net savings, as shown in Figure 4.6. These mostly belong to the
problematic regions of Sub-Saharan Africa, North Africa and Middle East and amount to 29
countries.55 The Pearson coefficient for the rest of the countries is 0,91. In this case of 110 out
of 139 countries we can observe quite a high correlation of the two measures and in light of
this result we can speak about redundancy of GS measure. The same conclusion can be made
when considering the OECD countries with the Pearson coefficient of 0,89, pictured in Figure

54

The Pearson coefficient is a statistic which estimates the correlation of the two given random variables. The

coefficient ranges from −1 to 1. A value of 1 shows that a linear equation describes the relationship perfectly and
positively, with all data points lying on the same line and with Y increasing with X. A score of −1 shows that all
data points lie on a single line but that Y increases as X decreases. A value of 0 shows that a linear model is
inappropriate – that there is no linear relationship between the variables.
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The 29 countries considered are: Angola, Azerbaijan, Bahrain, Bolivia, Burundi, Cameroon, Congo Dem.

Rep., Congo Rep., Ecuador, Ethiopia, Gabon, Iran, Kazakhstan, Kuwait, Niger, Nigeria, Oman, Russia, Saudi
Arabia, Sierra Leone, Sudan, Syrian Arab Republic, Trinidad and Tobago, Togo, Uganda, Uzbekistan,
Venezuela, Chad, and Argentina.

58

4.7. It is also worth noting that we cannot detect weak unsustainability at any of the OECD
countries, since no negative values appear in their GS figures.
Figure 4.7 GS and Net Savings for the OECD countries (% of GNI)
GS in per cent × NS in per cent
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All in all, our analysis shows that GS indicator is redundant when being employed for
almost 80 per cent of countries considered since it gives almost identical information as net
savings. Hence, GS measure might be considered redundant when 29 countries are left out.
GS of these 29 countries mostly differ from net savings in terms of number sign and the
countries are characteristic for their high rate of natural resources depletion.56 In case of such
countries one would presumably expect unsustainability, anyway.57 In case of the OECD
countries the GS measure does not bring much additional information compared to net
savings, either.
Another observation can be made with respect to the inclusion of PM10 into the GS
computation. As it is shown by Table 4.2, this adjustment brings some additional information
to GS in comparison with net savings since the Pearson coefficient slightly decreases.
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See Appendix 4 for their rate of resource extraction.

57

However, this expectation relates just to the way how GS, resource rents specifically, are computed by the

World Bank. As it was shown above, employing El Serafy method based on recognition of importance of the
reserves of certain resource leads to different conclusions.
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Table 4.2 Pearson coefficients of correlation between GS and net savings
GS
PM10 excluded
PM10 included

Pearson coefficient
130 countries
0,28
0,27

103 countries
0,91
0,9

OECD
0,89
0,88

Source: data from World Bank 2006
Lastly, GS measure leads to unclear policy implications as there are many ways to
increase GS. One of them is to reduce energy, mineral or forest depletion, or environmental
damage caused by CO2 emissions. However, such an approach does not appear to be sensible
since it does not present an efficient solution. For instance, according to empirical studies CO2
emissions are positively correlated with the country’s income, therefore, bringing them close
to zero is likely to result in a reduction in gross savings as well. Another approach, by the way
favored by the World Bank, is to raise investment in human capital by increasing current
education expenditure.58

4.4

Sustainable Policy
Though mentioning policy implications in relevance to GS results, so far we have

mostly dealt with definition, justification, and measurement of sustainability only. However,
sustainability analysis undoubtedly includes policy intervention as well.
Assuming an economy with both external costs and an unsustainable PV-optimal path
from resource depletion, two separate policy instruments are needed. Pezzey (Pezzey 2004)
distinguishes two policies characterized by different goals as well as tools: environmental
policy and sustainable policy. Environmental policy internalizes the externalized
environmental values by imposing emission taxes or providing resource stock subsidy for
instance, whereas sustainable policy’s aim is to achieve some form of intergenerational equity
by for example imposing consumption tax, or providing capital or investment subsidies so
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Nevertheless, Pillarisetti (Pillarisetti 2005) argues that in case of many developing countries which have been

indicated as weakly unsustainable due to negative values of their GS, this approach is neither feasible nor makes
any economic sense. According to his calculations, to achieve non-negative values of GS countries like
Azerbaijan and Sierra Leone would have to allocate an additional 24,4% and 14,5% of GDP, respectively, as
current education expenditure.
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that the choice between consumption and investment is affected. By pursuing both the
policies one arrives at an optimal sustainability policy.
In reality, most documents on a country’s sustainable development very often start
with some kind of statement about sustainability but consequently mention only the goals and
instruments of environmental policy putting the sustainable policy aside. This could be partly
explained by an insufficient analysis of sustainability concept as a framework for a
sustainable policy. In other words, more attention should be drawn to policy intervention that
would encourage adequate saving and investment. It is not surprising then, that even today in
relation to sustainable policy we can recall twenty years old Solow’s words (Solow 1986,
148-149): “The tendency is very great to allow short-run considerations to dominate, if only
because we can grasp them better. That being so, there is something to be said about rules of
thumb, for shorthand ways of taking care of interests that might otherwise be neglected.(...)
From the point of view, Hartwick’s rule is a better-than-average rule of thumb. (...) We do not
know if the rule is robust against such obvious variations as endogenous population growth
(and technological progress). The welfare economics of an endogenously changing population
is altogether murky. But I could see the rule as a reputable presumption, as a way of
constantly reminding ourselves that there are considerations other than immediate utility to be
taken into account.”
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5.

Conclusions
The issue of sustainability has been increasingly tackled since the 1970s. At that time

the OPEC price hike was experienced by the world community and fear of long run oil
shortages presumably triggered the concerns about sustainability. Since that time the concept
has moved forward considerably and evolved into different forms. The objective of this work
was to explore one of its forms, the concept of weak sustainability, in sense of justification,
definition, measurement, and policy implications.
Weak sustainability is a concept of neoclassical economics. Its analysis must,
therefore, be based on economic methodology. Hence, chapter 2 introduced simplifying
assumptions, such as excluding intragenerational equity or an assumption of constant
population. It was pointed out that sustainability in this sense often refers to national level of
aggregation, though global level should also be considered. The distinction between
economic, environmental, and social sustainability was mentioned and three different models
of their intersection were shown. Nevertheless, the issue of “triple sustainability” was
abandoned consequently as too complex to be captured by our analysis. Furthermore,
rationales for sustainability were discussed and it was made clear that those of neoclassical
sustainability economics are distinct from approaches of classical utilitarianism, neoclassical
utilitarianism, or rationales based on rights.
Sustainability was defined either in sense of a constraint on utility or a constraint on
opportunities and it was mentioned that both approaches can be linked together. After
examining the definitions, a problematic aspect of sustainability definition as a non-declining
utility over time was detected and possible solutions suggested. With respect to conditions
which have to be met to put sustainability into practice, the reader was introduced to the
paradigm of weak as well as strong sustainability. Strong sustainability calls for non-declining
stock of natural capital, whereas weak sustainability allows for substitutability between
natural and man-made capital and so presents non-decreasing total capital stock requirement.
Substitutability possibilities were examined in chapter 3. After recalling the results of
classic papers by authors such as R. Solow, J. Stiglitz or J. Hartwick, a dispute between
neoclassical economics and ecological economics with respect to relevance of thermodynamic
laws was analyzed. It was concluded that the question of substitutability has not been resolved
completely yet, though many attempts were made. Lastly, chapter 3 shed light on some other
problematic features of weak sustainability. Hyperbolic discounting was identified as the
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preferable way how to approach distant future and prevent from tyranny of the present over
the future. It was also noted that current prices and quantities do not necessarily correspond to
the optimal ones and that an important assumption has to be made that they at least
approximate them. A similar problem occurs with optimal and sustainable prices and
quantities.
The last and for practical purposes the most important chapter was devoted to the
question if sustainability can be measured in reality. Genuine Savings, a theoretically correct
measure of weak sustainability, was constructed and its figures computed by the World Bank
were presented. According to the World Bank’s computations, as weakly unsustainable were
detected the regions of Middle East, North Africa and Sub-Saharan Africa, hence mostly
developing regions dependent on resource exploitation. However, in relation to the
interpretation of GS figures one has to be cautious. The reason is that GS is only a one-sided
measure which negative value indicates weak unsustainability but positive value cannot be
understood as indicating weak sustainability. This fact is of particular importance when
deriving policy implications, which are by the way unclear as there are many ways how to
increase GS. What is more, even if negative values are computed, one cannot rely on them
fully since the results substantially depend on the method employed to compute resource
rents. Validity of the GS measure can also be doubted with respect to the poor scope and
quantity of the database used for the computations. This is, however, also acknowledged by
the World Bank which claims that the poor data problem mainly stems from the effort to
include as many countries as possible, amounting to 139 countries for which the GS figures
are available currently. Anyway, the World Bank tries to improve the database continuously,
as is proved by PM10 inclusion into its computations this year.
Given the problematic aspects highlighted in the critical assessment of the measure,
one may impugn not only its reliability but also its relevance. Does it provide us with any
additional information compared to a traditional measure of net savings? According to our
results, GS seemed to be redundant for majority of countries. GS gave remarkably different
results compared to net savings in case of countries from problematic regions, namely Middle
East, North Africa and Sub-Saharan Africa. Almost all these countries are developing ones
with high resource extraction rates causing the highly negative values of GS measure
compared to net savings. The redundancy of GS measure was also spotted in case of the
OECD countries. Hence, it was argued in favor of the measure’s redundancy and it was
shown that an inclusion of PM10 pollutant into the computations lead to a lower redundancy
of the measure.
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In the light of these facts, what is the conclusion about GS measure? We showed that
it fails to be a valid and reliable measure of weak sustainability, or even weak
unsustainability, and that it also may appear to be redundant. Given its theoretical correctness
as a measure of weak sustainability, one may raise a question if weak sustainability can be
measured at all and if not, what can be measured. It is evident that we can hardly encompass
every form of capital either because some forms such as social capital or cultural capital are
not measurable, or because it is simply impossible to compile a full list of physical assets with
money value attached. On the other hand, computing GS figures follows the right direction of
natural resource accounting. It is clear that if stock of marketable resources forms a significant
part of country’s portfolio, its loss should be reflected in its system of national accounts and
receipts of resource depletion should not be counted as income only.
The last section of the work briefly mentioned the issue of sustainable policy and its
distinction from an environmental policy.
In conclusion, the author realizes that the analysis of weak sustainability presented
here is limited but a complete analysis would necessarily go beyond the scope of this work.
Nevertheless, the goal of this work was met and the reader was introduced to the phenomenon
of weak sustainability, its justification, definition, and measurement with stress laid on the
World Bank’s measure of weak sustainability which was critically assessed.
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APPENDICES
Appendix 1

•

The production function, the growth functions and the
expenditure function (Neumayer 2003)

The production function F ( K , L, R, E , P, M ) depends on the input of man-made capital
K, labor L, which is assumed to be exogenously given as a constant and so is not taken
as a control variable, non-renewable resources R, renewable resources E, the stock of
pollution P and the stock of human capital M.

•

All partial derivatives of the production function are positive except for the partial
derivative with respect to pollution FP.

•

Expenditures for mining non-renewable resources f(R,S) increase with the amount of
resources extracted, hence

fR>0, and decrease with the stock of non-renewable

resources, hence fS<0.
•

Expenditures for exploring and discovering resources g(D,X), increase with the
amount of resources explored, hence gD>0, and increase with the accumulated stock of
discoveries, hence gX>0, since the most easily discoverable deposits are usually
discovered first and it is more difficult to discover the later ones.

•

Expenditures for harvesting renewable resources h(E,Z) behave analogously to
expenditures for mining non-renewable resources f(R,S).

•

The growth rate of renewable resources a(Z) increase with the stock initially, hence
a(Z)>0 for Z<Z’ , but falls after the stock has reached a certain size Z’, hence a(Z)<0
for Z>Z’.

•

Natural restoration b(P) decrease with the stock of pollution, hence bP<0.

•

Pollution-abatement expenditures i(A) increase with the amount of abatement, hence
iA>0.

•

Investment expenditures into human capital j(N) increase with the amount of
investment into human capital, hence jN>0.
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Appendix 2

Maximization problem

For simplicity it is assumed that all functions are well-behaved and continuously twice
differentiable. The dynamics of the model is given by the optimization equations (Neumayer
2003):

•

•

First order conditions for maximization

∂H
= 0 ⇒ Uc = λ
∂C

(A.1)

∂H
= 0 ⇒ λ [FR − f R ] + ψγFR = µ
∂R

(A.2)

∂H
= 0 ⇒ λG D − ω = µ
∂D

(A.3)

∂H
= 0 ⇒ λ [FE − hE ] + ψγFE = φ
∂E

(A.4)

∂H
= 0 ⇒ − λi A = ψ
∂A

(A.5)

∂H
= 0 ⇒ λj N = ξ
∂N

(A.6)

Dynamic first-order conditions

λ& = ρλ −

∂H
⇒ λ& = ρλ − λFK − ψγFK
∂K

(A.7)

µ& = ρµ −

∂H
⇒ µ& = ρµ + λf S
∂S

(A.8)

ω& = ρω −

∂H
⇒ ω& = ρω + λg X
∂X

(A.9)

φ& = ρφ −

∂H
⇒ φ& = ρφ + λhZ − φa Z − U Z
∂Z

ψ& = ρψ −
ξ& = ρξ −

∂H
⇒ ψ& = ρψ − λFP − φ (γFP − BP ) − U P
∂P

∂H
⇒ ξ& = ρξ − λFM − ψγFM
∂M
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(A.10)
(A.11)
(A.12)

•

Equations of motion
∂H
= K& ⇒ K& = F (.) − C − f ( R, S ) − g ( D, X ) − h( E , Z ) − i ( A) − j ( N )
∂λ

(A.13)

∂H &
= S ⇒ S& = D − R
∂µ

(A.14)

∂H
= X& ⇒ X& = D
∂ω

(A.15)

∂H
= Z& ⇒ Z& = a( Z ) + G − E
∂φ

(A.16)

∂H
= P& ⇒ P& = γF (.) − b( P) − A
∂ψ

(A.17)

∂H
= M& ⇒ M& = N
∂ξ

(A.18)

Plugging equation (A.1) into equations (A.2)-(A.5), (A.5) into (A.2) and (A.4), and
(A.2) into (A.3) and rearranging terms we arrive at the current value Hamiltonian H ∗ along
an optimal path:
H ∗ = λ [F (.) − C − f (.) − g (.) − h(.) − i ( A) − j (.)]
− λ ( FR − f R − i A ⋅ γFR ) + λg D D
+ λ ( FE − hE − i A ⋅ γFE )(a ( Z ) + G − E )

(A.19)

− λi A (γF (.) − b( P ) − A) + λj N N

Dividing the equation (A.19) by U c = λ and plugging (A.13), (A.16), and (A.17) into
it we arrive at:

[

]

H∗
U
= ∗ + K& ∗ − FR∗ − f R∗ − i A∗ γFR∗ ⋅ R ∗
∗
UC UC
+ g D∗ ⋅ D ∗ + FE∗ − hE∗ − i A∗ γFE∗ ⋅ Z& ∗ − i A∗ P& ∗ + j N∗ ⋅ M& ∗

[

]

(A.20)

where stars stand for optimal values. Equation (A.20) can be rewritten as:
H∗ U
=
+ GS
U C∗ U C∗

(A.21)
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Appendix 3

Regional and income country grouping in World Bank 2006
Table A.1 Classification by region

Region

Countries

East Asia and Pacific

American Samoa, Cambodia, China, Fiji, Indonesia, Kiri-bati, Korea, Dem. Rep., Lao
PDR, Malaysia, Marshall Islands, Micronesia, Fed. Sts., Mongolia, Myanmar, Palau,
Papua New Guinea, Philippines, Samoa, Solomon Islands, Thailand, Timor-Leste, Tonga,
Vanuatu, Vietnam

Europe and Central
Asia

Albania, Armenia, Azerbaijan, Belarus, Bosnia and Herzegovina, Bulgaria, Croatia,
Czech Republic, Estonia, Georgia, Hungary, Isle of Man, Kazakhstan, Kyrgyz Republic,
Latvia, Lithuania, Macedonia, FYR, Moldova, Poland, Romania, Russian Federation,
Serbia and Montenegro, Slovak Republic, Tajikistan, Turkey, Turkmenistan, Ukraine,
Uzbekistan

Antigua and Barbuda, Argentina, Barbados, Belize, Bolivia, Brazil, Chile, Colombia,
Costa Rica, Cuba, Dominica, Dominican Republic, Ecuador, El Salvador, Grenada,
Latin America and the
Guatemala, Guyana, Haiti, Honduras, Jamaica, Mexico, Nicaragua, Panama, Paraguay,
Caribbean
Peru, Puerto Rico, St. Kitts and Nevis, St. Lucia, St. Vincent and the Grenadines,
Suriname, Trinidad and Tobago, Uruguay, Venezuela, RB

Algeria, Djibouti, Egypt, Arab Rep., Iran, Islamic Rep., Iraq, Jordan, Lebanon, Libya,
Middle East and North
Malta, Morocco, Oman, Saudi Arabia, Syrian Arab Republic, Tunisia, West Bank and
Africa
Gaza, Yemen, Rep.
South Asia

Sub-Saharan Africa

Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan, Sri Lanka

Angola, Benin, Botswana, Burkina Faso, Burundi, Cameroon, Cape Verde, Central
African Republic, Chad, Comoros, Congo, Dem. Rep., Congo, Rep., Côte
d'Ivoire,Equatorial Guinea, Eritrea, Ethiopia, Gabon, The Gambia, Ghana, Guinea,
Guinea-Bissau, Kenya, Lesotho, Liberia, Madagascar, Malawi, Mali, Mauritania,
Mauritius, Mayotte, Mozambique, Namibia, Niger, Nigeria, Rwanda, Săo Tomé and
Principe, Senegal, Seychelles, Sierra Leone, Somalia,South Africa, Sudan, Swaziland,
Tanzania, Togo, Uganda, Zambia, Zimbabwe

Source: World Bank 2006
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Table A.2 Classification by income
Group

GNI per capita

Low-income economies

with a GNI per capita of $825 or less in 2004
with a GNI per capita of more than $825 but less than
$10,066
with a GNI per capita of $10,066 or more

Middle-income economies
High-income economies

Source: World Bank 2006
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Appendix 4

World Bank’s data

Table A.3 GS and some of its components for the reference year 2004 (% of GNI)

Country Name

Albania
Algeria
Angola
Argentina
Armenia
Australia
Austria
Azerbaijan
Bahrain
Bangladesh
Belarus
Belgium
Benin
Bolivia
Botswana
Brazil
Bulgaria
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Central African Republic
Chad
Chile
China
Colombia
Comoros
Congo, Dem. Rep.
Congo, Rep.
Costa Rica
Cote d'Ivoire
Croatia
Czech Republic
Denmark
Dominican Republic
Ecuador
Egypt, Arab Rep.
El Salvador
Eritrea
Estonia

Net
National
Savings
6,26
36,01
6,95
9,79
3,94
4,50
9,88
15,52
23,44
20,80
12,61
7,55
3,54
7,87
27,49
12,14
4,74
8,66
10,76
5,47
6,01
2,48
5,82
-3,78
10,21
31,89
6,18
-2,28
0,28
22,72
11,68
5,37
11,76
9,87
7,32
17,51
16,84
11,07
-1,95
-16,88
6,39

Energy
Depl.

Mineral
Depl.

1,20
35,15
44,96
8,16
0,00
1,48
0,13
54,65
35,66
2,39
2,13
0,00
0,06
15,36
0,00
3,72
0,22
0,00
0,00
10,83
5,06
0,00
0,00
79,12
0,19
2,99
7,25
0,00
2,82
54,06
0,00
2,92
1,04
0,10
1,27
0,00
18,97
10,58
0,00
0,00
0,58

0,00
0,03
0,00
0,32
0,66
1,35
0,00
0,00
0,00
0,00
0,00
0,00
0,00
1,01
1,99
1,09
0,72
0,02
0,00
0,00
0,29
0,00
0,00
0,00
10,84
0,21
0,77
0,00
0,91
0,00
0,00
0,00
0,00
0,00
0,00
2,22
0,08
0,05
0,00
0,00
0,00
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Net
Forest
Depl.
0,00
0,09
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,71
0,00
0,00
0,00
0,00
0,00
0,00
0,00
14,60
0,75
0,00
0,00
0,00
0,00
0,00
0,00
0,02
0,00
0,10
0,00
0,00
0,30
0,62
0,22
0,02
0,00
0,00
0,00
0,27
0,55
1,18
0,99

CO2
damage
0,23
0,83
0,34
0,65
0,94
0,41
0,15
3,42
1,42
0,40
2,11
0,19
0,30
0,72
0,35
0,37
1,37
0,27
0,09
0,18
0,36
0,12
0,12
0,05
0,47
1,37
0,44
0,16
0,26
0,25
0,23
0,32
0,45
0,81
0,13
0,87
0,59
1,23
0,27
0,47
1,24

Genuine Genuine
Savings
Savings
(including (excluding
PM10
PM10
damage) damage)
7,37
7,67
3,65
4,37
-36,32
-35,22
2,65
4,94
2,42
5,39
5,97
6,06
14,71
15,17
-39,99
-39,26
-9,87
-9,28
18,74
19,22
..
13,76
10,14
10,39
5,07
5,54
-3,92
-2,95
..
30,75
10,65
11,03
3,48
5,92
-2,86
-2,56
11,65
11,74
-2,98
-2,08
5,25
5,53
..
7,33
7,17
7,28
-82,21
-81,51
1,45
2,63
27,80
29,27
2,59
2,73
1,24
1,64
-3,31
-2,76
..
-27,81
14,88
15,35
5,75
6,09
13,85
14,19
12,97
13,10
13,87
14,01
16,33
16,61
-1,63
-1,43
1,60
3,34
-0,24
0,03
-17,57
-16,94
8,59
8,72

Table A.3 GS and some of its components for the reference year 2004 (% of GNI)

Country Name

Ethiopia
Finland
France
Gabon
Gambia, The
Georgia
Germany
Ghana
Greece
Guatemala
Guinea
Guyana
Haiti
Hong Kong, China
Hungary
Iceland
India
Indonesia
Iran, Islamic Rep.
Ireland
Israel
Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya
Korea, Rep.
Kuwait
Kyrgyz Republic
Lao PDR
Lebanon
Lithuania
Luxembourg
Macedonia, FYR
Madagascar
Malawi
Malaysia
Maldives
Mali
Mauritania
Mauritius
Mexico
Moldova
Mongolia
Morocco

Net
National
Savings
6,62
7,52
6,39
20,59
10,48
8,11
5,71
19,35
9,04
2,38
-0,85
10,56
11,59
17,94
1,67
1,12
13,70
14,15
28,69
18,91
-4,05
5,64
14,48
11,98
10,33
15,03
4,70
20,94
34,66
0,67
1,67
-10,49
2,59
15,50
3,94
9,45
-15,42
24,62
26,22
2,35
-14,85
11,79
8,56
10,63
31,56
17,29

Energy
Depl.

Mineral
Depl.

0,00
0,00
0,13
25,49
0,00
0,57
0,09
0,07
0,04
1,23
0,00
0,00
0,00
0,00
0,45
0,00
2,49
9,41
35,97
0,04
0,05
0,14
0,00
0,01
0,35
39,92
0,00
0,00
46,75
1,02
0,00
0,00
0,53
0,00
0,00
0,00
0,00
14,11
0,00
0,00
0,00
0,00
7,44
0,00
0,86
0,02

0,02
0,03
0,00
0,00
0,00
0,00
0,00
0,23
0,05
0,00
1,93
6,46
0,00
0,00
0,00
0,00
0,36
1,59
0,20
0,04
0,01
0,00
1,26
0,00
0,12
1,62
0,00
0,00
0,00
0,00
0,04
0,00
0,00
0,00
0,00
0,00
0,00
0,03
0,00
0,00
10,91
0,00
0,13
0,00
8,45
0,27
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Net
Forest
Depl.
11,94
0,00
0,00
0,00
0,62
0,00
0,00
2,26
0,00
0,90
1,75
0,00
1,01
0,00
0,00
0,00
0,67
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,02
0,00
0,18
0,00
0,00
0,00
0,00
0,00
0,25
0,00
0,21
0,01
2,07
0,00
0,00
0,00
0,66
0,01
0,00
0,03
0,00
0,00

CO2
damage
0,53
0,22
0,12
0,39
0,52
0,65
0,21
0,54
0,33
0,25
0,24
1,43
0,28
0,17
0,44
0,13
1,33
0,74
1,67
0,21
0,39
0,17
0,86
0,17
1,03
2,97
0,39
0,47
0,71
1,63
0,36
0,58
0,48
0,22
1,40
0,36
0,31
0,93
0,84
0,09
1,46
0,35
0,39
1,83
3,79
0,59

Genuine Genuine
Savings
Savings
(including (excluding
PM10
PM10
damage) damage)
-3,22
-2,92
13,05
13,20
11,24
11,29
..
-2,00
10,84
11,91
10,02
11,17
9,73
9,87
18,81
19,09
10,78
11,73
1,19
1,57
-3,54
-2,77
..
10,32
11,49
11,76
..
21,46
5,71
6,03
7,81
7,95
12,02
12,84
2,62
3,52
-5,64
-4,71
23,33
23,40
1,62
2,82
9,50
9,80
16,98
17,31
14,37
14,93
13,48
14,42
-25,52
-25,07
10,49
10,69
22,94
24,23
-10,53
-7,79
2,21
2,40
2,52
2,57
-9,33
-8,45
6,64
7,06
18,99
19,00
6,89
7,23
10,82
11,15
-13,11
-12,80
14,54
14,67
27,76
28,39
4,36
4,98
-25,31
-24,71
..
14,77
5,28
5,85
14,93
15,65
26,59
26,60
22,26
22,53

Table A.3 GS and some of its components for the reference year 2004 (% of GNI)

Country Name

Mozambique
Namibia
Nepal
Netherlands
New Zealand
Nicaragua
Niger
Nigeria
Norway
Oman
Pakistan
Panama
Paraguay
Peru
Philippines
Poland
Portugal
Romania
Russian Federation
Rwanda
Saudi Arabia
Senegal
Seychelles
Sierra Leone
Singapore
Slovak Republic
Slovenia
South Africa
Spain
Sri Lanka
St. Vincent and the Gr.
Sudan
Swaziland
Sweden
Syrian Arab Republic
Tajikistan
Tanzania
Thailand
Togo
Trinidad and Tobago
Tunisia
Turkey
Uganda
Ukraine
United Kingdom
United States

Net
National
Savings
-2,22
28,07
18,83
7,56
7,79
0,69
0,05
21,70
18,85
15,97
15,43
1,06
12,82
7,57
24,84
6,30
-2,61
6,50
25,03
9,78
33,64
7,55
-8,15
3,43
31,65
1,64
12,29
2,63
8,89
9,10
-0,18
5,89
5,83
11,56
10,12
-3,01
0,29
20,48
0,02
16,17
11,70
8,17
1,74
19,55
4,14
1,24

Energy
Depl.

Mineral
Depl.

0,01
0,00
0,00
1,04
0,79
0,00
0,00
49,09
10,87
58,78
5,34
0,00
0,00
1,51
0,33
0,50
0,00
3,30
29,73
0,01
50,05
0,02
0,00
0,00
0,00
0,06
0,01
0,00
0,01
0,00
0,00
15,07
0,05
0,00
38,60
0,39
0,00
2,38
0,00
46,19
4,16
0,24
0,00
5,72
1,10
1,28

0,00
0,57
0,00
0,00
0,07
0,03
0,00
0,02
0,00
0,00
0,00
0,00
0,00
2,09
0,38
0,26
0,02
0,05
0,61
0,03
0,00
0,04
0,00
0,00
0,00
0,00
0,00
0,63
0,00
0,00
0,00
0,01
0,00
0,07
0,07
0,00
0,15
0,00
0,10
0,00
0,20
0,03
0,00
0,00
0,00
0,02
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Net
Forest
Depl.
0,00
0,00
2,81
0,00
0,00
1,03
3,00
0,09
0,00
0,00
0,51
0,00
0,00
0,00
0,21
0,06
0,00
0,00
0,00
3,68
0,00
0,24
0,00
4,34
0,00
0,38
0,15
0,27
0,00
0,40
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,24
2,98
0,00
0,12
0,00
6,39
0,00
0,00
0,00

CO2
damage
0,20
0,25
0,37
0,17
0,26
0,63
0,28
0,62
0,14
0,79
0,84
0,39
0,36
0,30
0,62
0,92
0,24
0,95
2,02
0,24
0,89
0,40
0,53
0,45
0,40
0,68
0,33
1,15
0,20
0,38
0,32
0,26
0,27
0,10
1,51
2,01
0,23
1,03
0,56
2,28
0,57
0,53
0,18
4,54
0,18
0,35

Genuine Genuine
Savings
Savings
(including (excluding
PM10
PM10
damage) damage)
-1,01
-0,63
34,31
34,53
18,19
18,26
10,57
11,26
13,72
13,76
1,81
1,92
-1,39
-0,90
-28,22
-27,27
14,82
14,87
-40,56
-39,45
9,68
11,05
4,56
5,09
15,99
16,66
5,56
6,56
25,89
26,15
9,14
9,88
2,27
2,79
5,28
5,46
-4,39
-3,78
9,13
9,36
-11,10
-10,11
8,89
10,27
..
-3,42
-0,96
-0,35
33,04
33,94
4,64
4,71
17,21
17,41
5,65
5,91
12,17
12,80
10,39
10,88
8,95
9,26
-9,43
-8,59
10,78
11,00
19,43
19,44
-28,42
-27,47
-2,81
-2,59
2,04
2,30
21,17
21,76
-1,35
-1,02
-28,31
-28,29
12,11
12,56
9,44
10,86
-2,95
-2,90
12,84
13,71
8,12
8,19
3,99
4,38

Table A.3 GS and some of its components for the reference year 2004 (% of GNI)

Country Name

Uruguay
Uzbekistan
Venezuela, RB
Vietnam
Zambia
Zimbabwe

Net
National
Savings
-0,20
21,30
23,03
23,55
3,90
-5,45

Energy
Depl.

Mineral
Depl.

0,00
59,35
34,72
9,55
0,03
0,62

0,00
0,00
0,37
0,04
3,69
1,30

Net
Forest
Depl.
0,33
0,00
0,00
0,63
0,00
0,00

Source: World Bank 2006
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CO2
damage
0,27
7,64
0,89
1,08
0,28
1,59

Genuine Genuine
Savings
Savings
(including (excluding
PM10
PM10
damage) damage)
-0,80
1,86
-37,04
-36,31
-8,61
-8,59
14,57
15,07
1,39
2,36
-2,48
-2,10
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