CHAPTER 25

Comparative Estimates
of Sustainability

Economic, Resource Base, Ecological
Footprint, and Emergy
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V. Results and Discussion of Energy Analysis

V1. Summary and Conclusions

1. INTRODUCTION

Questions concerning sustainability, carrying capacity, and the welfare of devel-
oping nations tend to center on the role of natural resources, or what economists
term “natural capital,” in economies. In recent years, a number of economists
have taken a hard look at resource depletion and its effect on GNP and net capital
formation, suggesting that when taken into account, many otherwise growing
econemies may in fact be declining since declining levels of natural capital
threaten long-term economic sustainability (e.g., Solorzano et al., 1991). Carry-
ing capacity and the welfare of growing populations in developing nations may
betied, ultimately, to natural resources much more tightly than industrial capital
formation. This chapter summarizes several of the assessments of the resource
base of Costa Rica givenin other chapters and compares these to several relatively
novel approaches to estimating the resource base of the economy of Costa Rica,
the relation of that base to sustainability and carrying capacity, and the long-
term implications of poiicies that favor exports of resources. We use several bio-
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physical economic analyses, a land area-based “footprint” analysis, and an en-
ergy-based “emergy” analysis. The question is, do the results differ when very
different approaches are used to estimate sustainability?

II. SUMMARY FROM OTHER CHAPTERS OF
THIS BOOK

Traditionally sustainability has been estimated using economic criteria. So we
start our summary there. Chapters 2 and 4 show that the economy is growing,
but little more than the population, so that per capita income is remaining about
constantalthough itis being distributed increasingly to the wealthier component
of society. These chapters, plus Chapter 23, also show that debt has become a
very large and difficult issue, and has become nearly impossible to retire for a
variety of reasons, including the need for imports to pay for the exports (e.g.,
Figure 23-7). Domestic food production is increasingly insufficient to feed Costa
Ricans (Figures 5-5 and 23-2), and increasing yields have reached serious prob-
lems with diminishing agronomic returns to inputs of fertilizers or land area
(Figure 12-4). Erosion continues to eat away at the productive potential of the
nation’s agriculture (Chapter 15). Since per hectare yields are stable or declining
for most crops, it appears likely that the combined effects of declining returns
on inputs and the cumulative losses due to erosion are compensating or more
than compensating for any increases in agricultural technology. The number of
people that can be fed without external resources appears to be no more than
roughly 500,000, and with inputs of fertilizer and other technologies from the
industrialized nations, perhaps about4 million, if the inputsare paid for (Chapter
4, Figure 12-8). Natural forests continue to be destroyed (Chapter 16), although
at a slower rate than in the recent past, lumber and paper are being imported
(Chapter 18), and carbon emissions from deforestation are about as large as
the quantity released from fossil fuel burning, and enormously greater than the
carbon sequestered through reforestation (Chapter 17). Other tradeoffs are pre-
sented in Bouman et al. (1998) and Haines and Peterson (1998). None of these
patterns represents sustainability, as is developed further in the final chapter.

There are some positive signs related to sustainability as well: tourism and
ecotourism are increasingly important, population growth rates may (or may
not) be declining, and the hydroelectric potential is large. The potential of the
forests to supply energy also is large, but not in the forms needed. High-tech
industries are beginning to locate in Costa Rica.

Generally both the positive and the negative trends are consuming increasing
amounts of fossil fuel, which does not contribute to sustainability. It is very
difficult to pay for the imports of fuels or the machines in which they are used
(Figure 23-7). We conclude that Costa Rica left behind any possibility of
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sustainability at a modern standard of living using its own resources when
the population passed about 1 to 2 million. Expressed dilferently, at the present
standard of living Costa Rica is using 2 to 4 times the resources, many from
external sources and much of that paid for with debt, that could be sustainably
supported from the resource base thar exists, which is mostly land, climate,
and soils. Other Costa Rican scientists have reached more or less the same
conclusions, although often expressed in very different ways (i.e., Hartshorn
et al,, 1982; Monge, 1995). But there may be flaws in our (or their) analyses,
and it is useful to compare our results with other techniques that attempt to
measure sustainability from quite different perspectives. Thus we believe it
useful to compare our results with those of others. There are two very clever
techniques “out there” that attempt to measure sustainability in quite different
ways. These analyses were made quite independently from the analyses pre-
sented in this book. What do they find?

IIl. CALCULATING THE ECOLOGICAL
FOOTPRINT OF COSTA RICA: DOES COSTA
RICA FIT INSIDE COSTA RICA?

A, WHY MEASURE THE ECOLOGICAL FOOTPRINT OF
Costa Rica?

Sustainability means securing people’s quality of life within the carrying capac-
ity of nature. The preservation of nature is not only an ethical call in favor of
other species’ survival, but it is also the precondition for humane living condi-
tions. People exist in, and are a part of, ecosystems. They depend on ecosystems
for the steady supply of the basic requirements for life—food, water, energy,
fibers, waste sinks, and life-support services. The “ecological footprint” concept
enables us to quantify the human use of nature and compare it to nature’s
carrying capacity. It thereby summarizes society’s “ecological impacts” and
provides an indicator of ecological sustainability (Wackernagel et al., 1999;
Wackernagel and Rees, 1996).

B. THE CALCULATION

People require land to grow their food, produce energy they use, grow the
timber they consume, capture the water they drink and otherwise use and
assimilate their wastes and those from their industrial activity. The ecological
footprint keeps track of these uses based on two simple facts: first, we can
monitor most of the resources we consume and many of the wastes we gener-
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ate; second, most of these resource and waste flows can be converted 1o a
corresponding biologically productive area. Thus, the ecological footprint of
any defined population {from a single individual to a whole city or country)
is the total area of ecologically productive land and water occupied exclusively
to produce all the resources consumed and to assimilate all the wastes generated
by that population, using prevailing technology. As people use resources from
all over the world and affect far away places with their wastes, footprints sum
up these ecological areas wherever that land and water may be located on
the planet,

We prepared a comprehensive ecological footprint calculation for Costa
Rica on a spreadsheet of 135 lines and 15 columns (Table 25-1). The calculation
consists of a consumption analysis of 15 main resources (lines 8—46), a section
where all uses of commercial energy are listed (lines 49-57), and an energy
balance of traded goods (lines 61-114). All figures are taken from published
UN statistics (Table 25-2). Consumption is translated into land areas using
world average yield figures. To make these figures comparable with local
ecological productivity, local areas are adjusted with yield factors. These factors
indicate how much more (and less) productive Costa Rican areas are compared
to world average areas. By standardizing the calculation with world average
figures, ecological load and local ecological capacity can be compared among
nations. Equivalence factors adjust the ecological categories for their productiv-
ity to make them mutually comparable.

The footprint and the available ecological capacity are composed of six
types of ecologically productive areas: arable land, pasture, forest, sea space,
built-up land, and energy land, all of which represent competing or potentially
competing uses of nature. Fossil energy land is the land that we should be
putting aside for CO, absorption. However, this is something that is not done
in today’s world.

The box on lines 117-130 summarizes the results using 1992 data. They
show that Costa Rica uses 2.5 ha (25,000 m? or five football fields) of nature
per person. However, there was only a little less than 2.5 ha of biotically
productive space per person available within its perimeter in 1992, including
sea space and assuming 12% is set aside for other species. On the land alone,
Costa Ricans are using 0.1 ha more of biotically productive space than what is
available. With increasing national consumption (because of larger population
numbers and higher per capita consumption), the ecological deficit of Costa
Rica will continue to grow. Assuming a growth rate of 3% for national consump-
tion (of which 2.4% is used for demographic growth and 0.6% for per capita
increase in consumption), it will take only 10 years to develop a 35% ecological
deficit. In other words, the footprint would be one-third larger than the ecologi-
cal capacity of Costa Rica.
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TABLE 25-2  Source of Data Used to Calculate Ecological Footprint

(1) United Nations. 1995. 1993 International Trade Statistics Yearbook, Vol. 1. Depattment for
Economic and Social Information and Policy Analysis, Statistical Division, New York.

(2) United Nations Conference on Trade and Development (UNCTAD). 1994. UNCTAD
Commodity Yearbook 1994, United Nations, New York/Geneva.

(3) Food and Agriculture Qrganization of the United Nations (FAO). 1995. FAG Yearbook:
Production 1994, Vol. 48. FAO, Rome.

(4} Food and Agriculture Organization of the United Nations (FAQ). 1994. FAQ Yearbook:
Trade 1993, Vol. 47, FAQ, Rome.

(5) Food and Agriculture Organization of the United Nations {(FAQ). 1995. FAQ Yearbook:
Forest Production 1993. FAQ, Rome.

{6) World Resources Institute, 1996. World Resources 1996—1997. World Resources Institute,
UNEP, UNDP, The World Bank, Washington, DC.

C. INTERPRETING THE RESULTS

The mumbers in Table 25-1 illustrate which consumption type occupies how
much ecological space. In the end, the footprint assessment comes to the
conclusion that Costa Rica’s population is already consuming more than what
the country can regenerate. This means that it has to import natural capital
or deplete its own stocks, both of which it is doing. The current trend of
a growing population and declining ecological capacity signals more severe
conditions in the future. Because of its persistent international debt, Costa
Rica may find it increasingly difficult to pay for its imports. In addition, if
current worldwide tendencies of increasing resource consumption continue,
the ecological capacity available “elsewhere” that is exported to countries with
ecological deficits (such as Costa Rica) will diminish.

A similar, but less comprehensive, analysis of the Costa Rican footprint was
completed by Ko et al. (1998). They found, as well, that the footprint was
larger than the national area and increasing for the nation as a whole.

Costa Rica is not alone with its ecological deficit; similar calculations for
Switzerland show that its average citizen occupies approximately 5 ha of
ecologically productive space to provide for his or her current leve] of consump-
tion. In comparison, the average American lives on a footprint twice the size
of the Swiss one, or over 4 times that of the average Costa Rican. The United
States is endowed with more biological capacity per capita than Costa Rica
because of its relatively low population density and high biotic productivity.
But, because of high levels of consumption, the U.S. national ecological deficit
is 3.6 ha per capita, which is 45% larger than the average Costa Rican footprint.
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As these calculations include basic ecological functions only, the results
may fall short of what the actual ecological deficit is. Footprints underestimate
the actual use of nature’s ecological capacity because they assume that current
yields are sustainable and do not include freshwater use and some human
wastes. However, these assessments document the magnitude of humanity’s
impact on the earth, To improve these assessments, more resources and waste
products will be included in later studies.

In conclusion, the ecological footprint is a simple resource accounting tool
for measuring the ecological aspects of sustainability. As such, it indicates that
the nation of Costa Rica, together with many others on the globe, is not
sustainable by this criterion and is becoming less so.

Throughout history nations have enhanced their own ability to support
their human population or its material affluence by bringing in resources from
outside their borders through trade or conquest. How important is this today?
To what degree can a naticn be supported by its own resources?

IV. EMERGY, FOREIGN TRADE, AND
CARRYING CAPACITY IN COSTA RICA

A. EMERGY, WEALTH, AND ECONOMIC VITALITY

A new unit of evaluation, called “emergy” {which is the energy required to
make something), offers the potential to evaluate all resources in a national
economy in the same units so that comparisens and judgments concerning
sustainability can be made.

Emergy is a quantitative measure of all of the energy resources required to
develop a product (whether those resources are mineral resources that result
from biogeologic processes, renewable resources such as wood, a fuel source
used directly, or an economic product that results from industrial processes).
All these resources are expressed in units of one type of energy (usually solar
energy). We suggest that evaluations using emergy may help to clarify policy
options, because the use of emergy as a measure of value overcomes four
important limitations of other methods for evaluating alternative fuels and tech-
nologies.

These limitations are as follows: (1) A truly comparative analysis cannot be
undertaken by mixing units of measure such as weight, volume, heat capacity,
oreconomic market price. (2) Evaluations that use only the heat value of (energy)
resources (such as keal or joules) for quantification assume that the only value
of a resource is the heat derived from its combustion. In this way, for example,
human services are evaluated as the calories expended doing work and, when
compared to other inputs to a given process, are generally several orders of mag-
nitudé smaller than, for example, fossil fuel use. Thus human labor inputs are
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often considered irrelevant when in fact they are critical because of their quality.
(3) Nonmonetary resources and processes (i.e., those outside the monetized
economy) are often considered externalities and not quantified. Most processes,
and all economies, are driven by a combination of renewable and nonrenewable
energy. (4) An assumption that price determines value is often made. The price
of a product or service reflects human preferences, often called “willingness-to-
pay.” It can also reflect the amount of human services “embodied” in a product.
A valuing system based on human preference alone assigns either relatively arbi-
trary values, or no value at all, to necessary resources or environmental services.
Emergy as a unit of evaluation avoids these problems.

Emergy is a quantitative measure of the ability to cause work that is indepen-
dent of price (Odum, 1984; Odum, 1996). New energy sources often are
evaluated based on dollar costs per unit of energy produced. Economic theory
is based on the assumption that price is proportional to value, and suggests
that if prices rise, a new source may become economical and thus competitive.
However, price merely suggests what humans are willing to pay for something.
The true value of something to society is determined by the ability of a resource
to cause work, that is, the effect it has in stimulating an economy. For example,
a gallon of gasoline will power a car the same distance no matter what its
price. Its value to the driver is the number of miles (work) that can be driven,
regardless of price. Its price reflects both the scarcity of gasoline and how
important it is to do the work. Price is often inverse to a resource’s contribution.
to an economy. When a resource is plentiful, its price is low, yet it contributes
much to the economy. When a resource is scarce, its total contribution to the
economy is small, yet its price is high. For example, 200 years ago salmon
was very abundant in New England and contributed enormously to the welfare
of society even though its price was very low. Today the converse is true.

Emergy may be a measure of equivalence when one resource is substituted
for another. Sunlight and fossil fuels are very different energies; yet when their
heat values are used the difference is not elucidated. A joule of suniight is not
equivalent to a joule of fossil fuel in any system other than a laboratory heat
engine. In the realm of the combined system of humanity and nature, sunlight
and fuels are not equally substitutable joule for joule. However, when a given
amount of fuel energy is expressed as the amount of solar energy required to
make it (solar emergy), its equivalence to sunlight energy is defined. Since
emergy is a measure of the work that goes into a product expressed in units
_ of one type of energy (sunlight), it is also a measure of what the product
should contribute in useful work in relation to sunlight,

B. EMERGY ANALYSIS

We used emergy analysis to evaluate the economy of Costa Rica, including
its sustainability. It is 2 method of energy analysis that accounts for the direct
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and indirect use of energy in producing a commodity, resource fuel, or service,
in energy of one type.

Consider a fine wooden chair. In Marxist terms the embodied labor in the
chair is the hours of labor that went into the production of that chair. A
comprehensive analysis should also include the hours of labor that went into
cutting the tree and making the tools that the logger and the artisan used.
Likewise there was energy used to make the chair. But that was not the
only work processes required to make the chair. Solar energy grew the tree,
evaporated water from the ocean to generate rain, generated the winds that
blew the rain from the ocean to the land, and so on. Centuries of solar energy
went into making the soil that the tree grew in, and thousands or millions of
years to make the oil that powered the saws that cut the tree and produced
the boards the artisan used. The sum of all of these energies represents the
emergy input required to make the chair, and they all were necessary.

Thus the solar emergy in a resource, product, or service is the sum of the
solar energies required to make it. Emergy includes both fossil fuel energies
and environmental energies (like sunlight, rain, tides, etc.) that are necessary
inputs of most processes of energy transformation. Cumulative emergy inputs
of the past are found embodied in the soils, forests, petroleum, educated
people, and other resources that constitute the resource base of a nation. Of
particular importance here, the emergy resources of a region or a country
largely define and limit the amount of economic work that can be done by
that region or country, and that resource base divided by the number of people
is the per capita resource base. The emergy base is related to the ecological
footprint previously discussed in that the footprint is largely related to the
energy-capturing potential of land, and is corrected at a national level for
differing productivities. The emergy analysis is more comprehensive but more
controversial (e.g., Brown and Herendeen, 1996).

Emergy can be conceptualized as energy memory (Scienceman, 1987, 19893,
since it is a measure of all of the energy previously required to produce a
given product or process. The term “emergy” differs somewhat from embodied
energy as defined by other schools of thought. For example, environmental
inputs and labor are omitted in the analyses of IFIAS {1974) and Slesser (1978),
energies are added without using transformities (except for electricity) by Hall
et al. (1986), and energies are assigned by input—output data (usually based
on money flows) with different results by Hannon et al. (1976), Herendeen
et al. (1975), and Costanza (1978).

We now provide some of our definitions:

* Energy. Sometimes referred to as the ability to do work, although this
definition does not include the different qualities of different energies.
Energy is a property of all things that can be turned into heat, and is
measured in heat units (BTUs, calories, or joules)
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* Emergy. An expression of all the energy used in the work processes
that generate a product or service expressed in units of one type of
energy. The solar emergy of a product is the emergy of the product
expressed in the equivalent solar energy required to generate it.
Sometimes it is convenient to think of emergy as energy memory.

* Emjoule. The unit of measure of emergy, or emergy joule. It is
expressed in the units of energy previously used to generate the
product; for instance, the solar emergy of wood is expressed as joules
of solar energy that were required to produce the wood. Solar emjoule
is abbreviated “sej.”

* Macroeconomic Dollar (Emdollar or EM$). A measure of the money
that circulates in an economy as the result of some energy-driven
process. In practice, to obtain the macroeconomic dollar value of an
emergy flow or storage, the emergy is divided by the ratio of total
emergy o gross domestic product for the national economy.

* Nonrenewable Energy. Energy and material storages such as fossil fuels,
mineral ores, and soils that are consumed at rates that far exceed the
rates at which they are produced by geologic processes.

* Renewable Energy. Energy flows of the biosphere that are more or less
constant and reoccurring, which ultimately drive the biological and
chemical processes of the earth and contribute to geologic processes.

* Resident Energy. Renewable energies that are characteristic of a region.

Transformity. The ratio obtained by dividing the total emergy that was

used in a process by the energy yielded in the process. Transformities

have the dimensions of emergy/energy (sej/]). A transformity for a

product is calculated by summing all the emergy inflows to the process

and dividing by the energy of the product. Transformities are used to
convert energies of different types to emergy of the same type.

A complete description of the methods employed to evaluate the economy
of Costa Rica is beyond the scope of this short section but can be found in
Odum (1978, 1984, 1995, and 1996). Data sources overlap with those in Table
25-2. The methodology evaluates the main flows of resources, energy, and
human services within the economy for a given year and converts them into
common units of emergy using transformities. Mark Brown calculated trans-
formities for the most important resources, fuels, and human resources within
the Costa Rican economy directly, but some others were calculated based on
data for other areas, all based on the procedures in Odum (1996).

Our analysis was done for 1994, the latest year for which we had sufficient
data. The flows of resources, energy, and services throughout, into, and out
of the economy, evaluated in emergy terms, were compared and several ratios
calculated to assess sustainability and carrying capacity of the economy as a
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whole. A more complete picture would emerge if data for several years were
evaluated and compared, since long-term trends would be revealed.

V. RESULTS AND DISCUSSION OF
EMERGY ANALYSIS

Per capita emergy use in Costa Rica was almost one-quarter that of the United
States (Table 25-3; the U.S. per capita emergy consumption in 1987 was
29.2 X 10" sej/yr). (An emergy analysis of Costa Rica is given in Table I1I-1
of Appendix 1II and summarized in Tables I1I-2 and 111-3.) Emergy use per
unit area (sej/m*) was about one-half that of the United States (Ui.S, emergy
use per unit area was 7.0 X 10" sej/myr), reflecting the greater population
density. Almost 90% of total emergy use is derived from within Costa Rica,
compared to about 78% for the United States, showing that Costa Rica was
still highly dependent on its own resources in 1987, although this appears to
be changing rapidly. Costa Rica has a negative emergy balance of payments,
exporting about twice as much emergy as it imports.

From these data we derived an index, called the Environmental Loading
Ratio (ELR), defined as the ratio of nonrenewable emergy flow to renewable
emergy flow in the economy. This ratio relates the use of nonrenewable sources
of energy and materials to the ability of the environment to absorb the wastes
and disorder that result from their use. In essence, the ELR reflects the intensity
of use of nonrenewable energy as compared to that which is renewable. In
Costa Rica the ELR was 0.51/1, meaning that nearly twice as much of the
total emergy driving the economy comes from renewable sources as from
nonrenewable ones. This also means that even though the economy of Costa
Rica is industrializing rapidly, still some two-thirds of the emergy running it
comes from solar-powered sources.

By way of comparison, in the United States the ELR ratic was about 7.2: 1.
One consequence of ratios this high is that the environment can no longer

TABLE 25-3 Summary of Emergy Indices of Costa Rica

Index Value
Per capita emergy consumption 1.21 X 10° sejfcapita/yr
Emergy use per unit area 7.82 X 10" sejm?
Emergy use from within Costa Rica 59%
Emergy use from renewable sources 33%
Environmental loading ratio 09:1

Ratio of exports to imports 1.39:1
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assimilate wastes, and more and more nonrenewable resources must be ex-
pended te generate wealth and to process waste by-products, and a greater
“load” is placed on the environment. Thus by this means of calculation, in the
United States the load on the environment is nearly 14 times that in Costa
Rica. When ELRs are relatively low, such as in Costa Rica, the environment
assimilates wastes, processing and recycling them without enormous negative
consequences. So, for example, many coffee wastes can be transported back
to the fields to decompose there, and the potential for using “ecologically
engineered” natural systems to process human sewage is great (although
hardly developed).
The picture that emerges of Costa Rica’s economy in 1987 is one that

* Derives 39% of its resources and materials from within the country
{about 41% of Costa Rica's total emergy use comes from imports)

* Could support only about one-quarter of its 1994 population at U.S.
levels of consumption

* Could support about 78% of its 1987 population on its renewable
resource base

* Was exporting about one and a halfl times the emergy it was importing,
suggesting that continued negative emergy balance of payments may
threaten long-term sustainability

This analysis is a relatively incomplete picture of the overall state of
emergy balance of the economy of Costa Rica. Not accounted for in this
overview are the many interior balances of emergy that could have serious
impacts on long-term sustainability, such as agricultural sectors and their
soil losses, deforestation, or overexploitation of coastal fisheries. For example,
we have seen in other developing economies that the emergy lost in eroded
soils from agricultural lands neutralizes gains that may be had from imports
of resources obtained from the export of agricultural commodities grown
on the soil (Doherty et al.,, 1993). Thus even our present incomplete analysis
suggests that the Costa Rican population is approaching or has arrived at
the ability of the biophysical resources of Costa Rica to support them at
a moderate standard of living, and that even this analysis neglects long-
term erosion of national capital. More can be squeezed out of the economy
by importing more oil, but the intrinsic resources must be squeezed even
tighter to pay for that oil.

Policies that enhance external trade increase population and economic
carrying capacity but work to decrease long-term sustainability by destroying
soils, forests, and other basic emergy resources. These analyses provide some
insights into the hard choices that face developing nations, probably the most
important of which is the short-term vs the long-term perspective. To develop
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TABLE 25-4 Summary of Different Analyses of the Number of People That Could Be
Supported Sustainably in Costa Rica

No. of
Criteria Method people Source

BIOPHYSICAL: FOOT ONLY (does not account for other resources used)

Agronomic Indigenous resources only 400,000 Chapters 2, 12

Agronomic Inputs bought with coffee 2,000,000 Chapters 2, 12

Agronomic Land limitations, with 4,000,000 Chapters 2, 12
inputs

BIOPHYSICAL: (present standard of living)

Footprint All resources used 2,400,000 This chapter (1987 population
times 0.8)

Emergy All resources used 1,750,000 This chapter (1987 population
times 0.53)

their economies, developing nations tend to increase external trade for short-
term gains in assets and carrying capacity, but by doing so they may be
compromising long-term sustainability.

It is rather remarkable that each of these analyses, biophysical, economic,
ecological footprint, and emergy, reaches approximately the same conclusion:
that the resource base of Costa Rica has become in the past decade or two
inadequate to support sustainably (that is, without using up environmental
capital) the present population density at the present standard of living (Table
25-4). None of these analyses give very much hope for any future scheme that
might generate a truly sustainable economy, although of course there is always
the chance that some unforeseen technology or global market shift could make
things much better (or much worse). Again these conclusions, done here in
increasing detail, are hardly news to thoughtful Costa Ricans who have been
warning of the dangers of continued population growth and high levels of
resource exploitation for decades (i.e., Hartshorne et al., 1982; Alvarado and
Monge, 1997). And there is nothing special about Costa Rica. For example,
the United States, while it has many resources and a low population density,
is extremely and increasingly vulnerable to probable future oil shortages that
may begin within a decade (Campbell and Laherrére, 1998; Kerr, 1998).

VI. SUMMARY AND CONCLUSIONS

Resource availability should be at the heart of questions concerning carrying
capacity and sustainability, Developing nations are particularly susceptible to
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changes in resource availability since there is little luxury consumption and
less “fat to trim.” In addition population densities tend to be high and increase
rapidly. Sustainability should be defined quantitatively to include depletions
of resources, and it should include considerations of resource balance of pay-
ments at all scales within an economy. The use of monetary measures of
resource use and trade does not value resources and energy adequately, and
may give the false impression that economic activities are sustainable in the
long run, when in fact they may be seriously degrading local environments
and carrying capacity, and the ability to sustain local populations. In addition
money can give faise signals through inflation and speculation, which real
resources do not. These lessons are hard to learn, as we saw with marny Asian
economies in 1998.

The seemingly hard choice for developing nations is to temper consumption,
resource use, and exports now, and instead use domestic resources at home
to foster long-term sustainability. This isa conclusion contrary to the increasing
worldwide emphasis on free trade, the net effect of which is to strip less
developed countries of their basic resources, such as forests and soils, and to
encourage the unsustainable consumption of industrially-derived products
through market penetration and advertising. The net result is debt and a
destruction of the productive capacity of environments and hence the ability
to ever pay back that debt, not to mention providing increasing populations
with basic goods and services.
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