
W R I

DEVELOPMENT
ENV.IRONMENTAL AND NATURAL RESOURCE ACCOUNTING:

Where to Begin?

by Carrie A. Meyer
Center for International Development and Environment

I. AN ORIENTATION TO GREEN ACCOUNTING

For good reason "green accounting" is beginning to re
ceive policy-makers' attention: accounting systems support
the data and analysis that we use to allocate resources for
sustainable development. Unfortunately, our natural re
sources-which are becoming increasingly scarce and de
graded-are not well accounted for and policy-makers have
been receiving false signals. The depletion and degradation
of environmental assets and services threaten future produc
tion and consumption. The accurate measurement of sus
tainable income-an important objective of our accounting
systems-is impossible unless the environment is taken
into account.! Much of the economic data produced by our
national accounting systems are similarly flawed, as are
many of the policy prescriptions based on these data.

The most glaring omission in the national accounts is re
lated to the depreciation of natural capital. When natural as
sets are used up, both the activity and the value of the assets
enter positively into national product accounts-when for
ests are cut and sold or oil pumped from the ground and
sold, gross domestic product (GDP) increases-but no no
tice is taken of the natural capital consumed. Man-made
capital is depreciated in national accounts to arrive at net in
come or net domestic product (NDP). The depreciation of
natural capital-timber, minerals, soil-which is entirely
analogous as a productive capital input-is ignored.

"Natural resource accounting" attempts to correct na
tional accounts for the depletion of natural capital. "Envi
ronmental accounting" is a broader exercise involving more
complex problems. Many of the services or benefits that a
healthy environment afford have never been included in ac
counting systems. For example, when the recreational
value of our parks and environment deteriorates, nothing is
subtracted from our conventional aggregates because the
benefits were never recognized (in accounting terms) to be
gin with. The valuation of these environmental benefits
and the costs of their deterioration are delicate issues that
don't necessarily come up in the case of resource deple
tion-oil and timber are valued at market prices.

As natural resources become more scarce and our natural
environment more threatened, the importance of incorporat
ing this information into our accounting systems-and,
hence, our entire decision-making apparatus-becomes all
the more urgent. But making our national accounting sys
tems environmentally friendly is easier said than done.
Confusion and controversy surround the topic of environ
mental accounting-again, for many good reasons.

Confusion and Controversy

In the first place, conceptual problems abound in trying
to arrive at any truly reflective measure of sustainable in
come (Eisner 1988, Lange and Duchin 1993). The physical
depreciation (or "wearing out") of natural capital need not
imply an economic depreciation or vice versa (Peskin
1993). An economic depreciation of natural capital refers
to a change in the value of the capital over time. On the
other hand, we can use natural capital and invest the pro
ceeds in man-made capital or human capital for the benefit
of human society, but to what extent are natural capital and
man-made capital substitutes for each other? At some
point, environmental degradation begins to threaten our
very existence whether or not an "equal" investment is
made. (See Lange and Duchin 1993) For this reason, some
analysts focus on sustainable natural capital as opposed to
sustainable income (Bartelmus and Tardos 1993).2

The practical (and conceptual) questions of how to value
non-marketed environmental services that aren't priced also
provoke controversy. (In natural resource accounting, re
sources generally have market prices, so this problem espe
cially plagues environmental accounting.)3 Not all
valuation techniques inspire confidence. For example, the
contingent valuation approach-basically, directly asking
people what they are willing to pay for a particular bene
fit-and estimates based on the identification of a dose-re
sponse relationship (e.g., a dose of a pesticide exposes X
number of people to a risk of a certain kind of health prob
lem) have been criticized as very difficult, expensive, and
ultimately unsatisfactory although their intent is to arrive at
the "true" value of the resource.4 Thus, the consensus seems
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to be that these more conceptually pure valuation methodol
ogies should be sacrificed if data that is more readily avail
able and more reliable can be found. (See Box 2.)
Alternative methodologies include valuing environmental
degradation in terms of clean-up costs, replacement costs,
and expenditures incurred to protect against a polluted envi
ronment.

Another principal reason for the controversy is that
changing the entire accounting system of a country is a tre
mendous technical and political undertaking, requiring the
cooperation of all kinds of vested interests in the status quo.
Anyone country would obviously be reluctant to change
the way the standard statistics-such as GDP and NDP
and the core databases for all economic information are pro
duced without the endorsement of the UN System of Na
tional Accounts (SNA). But, the United Nations has
recently been preparing the Handbook ofIntegrated Envi
ronmental and Economic Accounting (1993), which pro
vides guidelines for producing "satellite" integrated
environmental and economic accounts that are separate but
entirely compatible with the current standard framework.
Whether countries will establish these satellite accounts is
not yet clear, but as shown in the survey in section 5, starts
are already being made. When environmental accounts will
be brought into the core of the UN system is difficult to tell
for it would be a political undertaking of major proportions
and thousands of nitty-gritty problems.

The final reason for controversy and confusion is that un
til now countries have had no standard model of environ
mental accounting to follow. The new UN guidelines still
leave much to be decided by the countries who adopt them.
These guidelines go beyond natural resource accounting to
include other environmental services and the costs of their
deterioration, offering in the absence of consensus regard
ing proper valuation, a v;;lriety of options that countries
must pick from and follow on their own.

Case-study research projects have provided guidance and
set precedents. Robert Repetto and other researchers col
laborating with the World Resources Institute (WRI), for ex
ample, have within the context of natural resource
accounting drawn attention to the need to revise important
indicators such as GDP and NDP. They have demonstrated
that by concentrating on the principal natural assets-for
ests, soils, significant minerals, water (to the extent possi
ble), and fisheries-it is not difficult to approximate at least
some of the natural resource depreciation for a country
(Repetto et al. 1989, TSC and WRI 1991).5 Principal indi
cators can thus be corrected for a major part of the inconsis
tency in current national accounting methods, and the work
provides the basis for improved policy-especially in the
agriculture, forest, and fisheries sectors.

Comprehensive accounting approaches, which could ide
ally provide the information to more fully address eco
nomic and environmental policy questions, have also been
attempted. Both the United Nations (See Section 4) and re
searchers such as Henry Peskin (See Box 3) go beyond cal
culating natural resource depletion to attempt full
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environmental accounting. Moreover, both Peskin and UN
researchers emphasize that their approaches not only pro
duce green indicators but also fully incorporate environ
mental accounting into current accounting systems (Peskin
1993, Bartelmus and Tardos 1993). National accounting
systems structure, in fact, a large and complex database on
the economy, one used for a wide variety of economic man
agement purposes. Incorporating environmental accounting
into that structure is an ambitious undertaking, both techni
cally and financially, and could involve greater rewards in
terms of policy utility if done successfully. It must involve ~

at least the technical-if not the explicit political--<::oopera
tion of officials from the public accounting system in place.
No one has yet overhauled a national accounting system to
give resource depreciation its due-much less to incorpo
rate other environmental values.

Whether Environmental Accounting?

Before plunging ahead with the principal questions of
this paper-which are where, and how to begin environ
mental and natural resource accounting, it is important to
ask the more fundamental questions: whether? and, at what
level?

Given the many conceptual problems to developing any
measure that accurately reflects sustainable income, is it
worthwhile to start making adjustments in that direction?
Mike Young (1993: 182-83) cautions, "Indeed, there is a
risk that resource-modified accounting systems may de
velop a false sense of policy security by implying that all
the environmental problems faced by the nation are being
adequately dealt with ..." Young referred especially to ap
proaches that adjust only for resource depletion. He points
out that such exercises may do little to improve sustainable
development and resource management in industrial coun
tries, where the problems tend to be focused on pollution,
and the amount of resource depletion is overwhelmed by
production in other economic sectors. Stepping beyond
natural resource accounting to environmental accounting,
however, involves using controversial valuation techniques
to approximate the value of services that are not marketed.

In addition to the conceptual difficulties, the other obvi
ous consideration is whether a comprehensive approach to
integrated environmental accounting is the most cost-effec
tive way to improve environmental management. This
point is particularly relevant in developing countries. With
out doubt, even back-of-the-envelope calculations of natu
ral resource depletion help to put resource use in
perspective, and when major increases in GDP reflect noth
ing more than the consumption of natural capital, policy
makers should know. But the kind of effort required to
make rough estimates of resource depletion falls far short of
what is needed to reform the national accounting system of
a country along the lines of the new UN guidelines, for ex
ample. To what extent is it worth it?

Each country will have to assess whether employing
scarce human and financial resources in reforming the ac
counting system is an efficient way to make development



more sustainable. Many economists have argued that sec
toral approaches may be less data-intensive and more cost
effective.6 In fact, virtually all of the case studies of
resource and environmental accounting that have been at
tempted are restricted to only a few sectors, as
demonstrated below.

Nevertheless, better information about how economic de
velopment interacts with the use of the environment must
be assembled. As long as the beginnings of environmental
and natural resource accounting are consistent with the
most urgent needs for information, decision-makers will be
moving in the right direction. Information needs for policy
analysis should drive accounting practices because environ
mental accounting is useful only to the extent that it im
proves economic and environmental policy. At the same
time, however, making the environmental information avail
able will encourage better policy work so it is essential to
begin assembling the information. (See Section 6.)

For those who agree that it is time to begin incorporating
environmental information into our decision-making appara
tus, whether or not the core accounting system of the
United Nations is reformed right away, this paper provides
some beginnings. An attempt is made to unite the new
precedents being set for the benefit of those countries, or
ganizations, or individuals interested in furthering the green
ing of our national accounting systems and our planning
processes.

The case studies conducted by researchers at WRI and
collaborating institutions have set precedents for natural re
source accounting. This work is surveyed and the basic
methodology and valuation approaches are introduced. The
case studies carried out by the UN Statistical Division (UN
STAT) in cooperation with the World Bank have also set
precedents in the broader arena of integrated environmental
and economic accounting, and this work is surveyed as an
introduction to the methodology and valuation approaches.
Country experience with natural resource and environ
mental accounting is also reviewed, and steps that coun
tries, organizations, or individuals can take to green our
national accounting and other information systems are
spelled out in the hope of further opening up a dialogue and
prompting action.

2. THE GREENING OF THE UN SYSTEM
OF NATIONAL ACCOUNTS

The UN System of National Accounts (SNA) provides
the international standard by which all countries organize in
formation on economic activity into national accounts. Al
though the national accounting system of each country may
have its own eccentricities, for the purpose of international
comparability and credibility, most countries adhere rather
closely to the SNA, which is now being revised.

The UN system is quite young, however, and still in a
process of evolution that began just before World War II.
Only since 1942 have national accounts been published in
the United States, but their economic and political impact

3

has been overwhelming and they are deeply imbedded in
our current policymaking apparatus. On the other hand, up
until now countries have based their accounting systems on
a document published over 20 years ago (UN 1968).

A quick review of college economics reminds us of the
significance of the familiar statistics that national account
ing systems yield. The national accounts aggregate the to
tal value of goods and services produced to arrive at gross
national income (GNI) and gross domestic product (GDP).7
These statistics differ slightly, but both reflect essentially
the total income of the country. Total income is roughly
equal to total production if international flows of goods and
services are ignored. Roughly speaking, this income is di
vided into two major categories of expenditure: consump
tion and investment. Investment increases the capital
stock-such production-related assets as machines, build
ings, capital inputs, and inventory. Consumption is basi
cally everything else. Obviously, the future of a country
depends on the size of investment relative to consumption.

The accounts are also concerned with the depreciation of
the capital stock. Buildings and machines wear out and in
ventory is used up. Net investment is the difference be
tween investment goods produced and capital depreciation.
Net domestic product (NDP) is the difference between GDP
and capital depreciation.

In addition to the well-known indicators of current in
come, production, and investment, the UN system includes
a system of balance sheets that reflect the total assets of a
country as opposed to its yearly income. Forests, land, and
subsoil minerals are recognized as assets in national bal
ance sheets and are treated similarly to other capital assets.
The core income and product accounts, however, do not
treat natural capital as an asset. The total value of natural
resources used up in current production (net of purchased
inputs) is not deducted but remains included in current in
come. No depreciation factor is used to show that consump
tion of productive natural resource assets must be excluded
from net product.

Intended to provide an idea of how a country is planning
for its future, the core national income accounts have mis
handled a major capital asset-our natural capital-even
though it is as productive as man-made capital. This incon
sistency in the SNA is glaring, explainable only because
natural resources were abundant 50 years ago relative to the
population and the amount of economic activity. Now we
recognize the limits of these resources.8

There is rather wide agreement that if we are to have a
true picture of net investment, the depletion of natural capi
tal should be taken into account (UN 1992). Controversy
persists over exactly how. (See Box 1.)

Valuation methodologies aside, the fundamental problem
with including natural capital in the system of national ac
counts is how to delineate the boundary of "natural produc
tive capital.,,9 Clearly, timber and mineral resources should
be included. The depreciation of soils-so important for
economic production in developing countries-should be
too. But is this depletion or degradation? What about



changes in water quality? As the line betwe.en resource de
pletion and changes in non-marketed environmental serv
ices begins to blur, the controversy increases.

In any case, national accounts are at best an imperfect
measure of the well-being of a nation and its citizens. In
the first place they measure only economic activity-and
only impeifectly at that. Economic activity that takes place
in the illegal and informal sectors is thus invisible. Subsis
tence production for the household (non-marketed produc
tion) is taken into account only erratically. For example,
non-marketed agricultural production may be estimated
when domestic tasks are not. Also left out of the equation
are investments in human capital, though they clearly in
crease the productive capacity of a country. Even without
environmental considerations, the question of what to in
clude in the national accounts is not so straightforward. lO

Many of the environmental costs and benefits that some
critics of the conventional accounting system wish to in
clude could be considered highly speculative. For example,
environmental degradation decreases the enjoyment that we
get from parks. Since there is no market price for this envi
ronmental service, the true cost of the degradation should
be based on willingness to pay to have a less degraded park.
But surveys are expensive, and people may not respond hon
estly: Their answers may not reflect how they would actu
ally behave if forced to pay. Other valuation techniques can
provide only an approximation.

On the principle that while speculation may be better
than absolute ignorance, it still has no place in the core
SNA, the United Nations has recommended that all environ
mental accounting be. kept in "satellite accounts." The satel
lite accounts are to be maintained separately from the core
accounts but developed in a framework entirely compatible
with the SNA. Revisions to the core SNA have anticipated
the needs of environmental accounting.

The current revision of the system began in the early
1980s and has just recently been finalized by the United Na
tions in close cooperation with the European Community,
the International Monetary Fund, the Organization for Eco
nomic Cooperation and Development, and the World
Bank. l1 Many outside experts have also collaborated in
this initiative. The decision not to fundamentally change the
SNA but instead to establish satellite accounts was made by
the UN Statistical Commission and the governments negoti
ating Agenda 21 at the Earth Summit in Rio in June 1992.
In February 1993, the revised system was adopted by the
UN Statistical Commission and is expected to become the
new standard.

In the revised accounts, the boundary of economic assets
(those assets that contribute to production) are treated more
carefully and precisely than in the 1968 accounts. Land,
subsoil resources, cultivated plants, and livestock are in
cluded within the asset boundary, as are noncultivated natu
ral assets that yield products like timber. l2

The balance sheets now cover all produced and non-pro
duced (or natural) assets that provide economic benefits to
their owners. All changes in those assets are recorded,
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whether caused by economic decisions or by external fac
tors (e.g. forest fires or mineral discoveries). However, not
all changes that are recorded are explicitly valued as costs.
Some are treated as "other changes," such as decreases in
natural assets due to depletion or pollution. These modifica
tions of the balance sheets in the core SNA provide a consis
tent base for integrated environmental and economic
accounting. In other words, the data included in the balance
sheet can now be analyzed in different ways.

The major advance for proponents of environmental and
natural resource accounting are the new guidelines for satel
lite integrated environmental and economic accounts. The
Handbook ofIntegrated Environmental and Economic
Accounting is expected to be released by late 1993. The
Handbook describes a system of integrated environmental
and economic accounts (SEEA) that was tested and revised
following case studies in Mexico, Papua New Guinea, and
Thailand.

Essentially, the new satellite system provides guidance
for the treatment of natural capital depletion (minerals and
timber) and the costs of degradation (land, water, air). For
goods or services that have no market prices, alternative
valuation methods are suggested to impute the cost of deple
tion or degradation. (See Section 4.)

Using SEEA, planners incorporate environmental infor
mation into the production, income, and balance sheet ac
counts. It explicitly allocates all environmental impacts to
the separate economic activities that cause (or bear) them.
Environmental information is thus made available for inte
gration into the entire array of economic policy and manage
ment analyses that our national accounting systems serve.

The UN satellite environmental accounts will certainly
encourage interested countries to begin constructing envi
ronmental accounts that can be easily integrated into the
core system. But they are yet to be fully tested. The two
case studies undertaken were based on far-from-perfect
data-sometimes only rough estimates, though they were
reasonably comprehensive-focussing on minerals, forests,
and some pollution charges. As the methodology is tested
and countries come to some agreement about what the inter
national standard of green accounting should be, the possi
bility of reforming the core UN system to include
environmental information will grow.

3. NATURAL RESOURCE ACCOUNTING CASE
STUDIES: INDONESIA AND COSTA RICA

While the experts debated how to account for natural re
sources, WRI and collaborators in Indonesia and Costa Rica
conducted two major natural resource accounting studies at
the national level to adjust national income for the deprecia
tion of natural resource assets. Although developed largely
outside of the UN system, WRI's methodology is essen
tially consistent with the new UN guidelines. The major
differences are that the WRI methodology is limited to natu
ral resource depletion and has focused on adjusting the ma
jor economic indicators rather than reforming the entire



5

Figure 1. The McKelvey Box used to distinguish reserves from
resources

IncreaSing Degree of Geological Assurance
(chemical composition, concentration, orientation and extent of deposits)

Source: modified after McKelvey (1972).

sis of tourism. In these two case studies, however-in line
with the particular boundary of natural assets chosen and
given the limited financial resources for the research- only
the commercial value of the timber was considered.

The physical stocks and flows of each of the assets were
quantified for each year in the period under study. Typi
cally, the physical flow represents the extraction of the re
source, its use, or simply waste. However, some resources
regenerate naturally, and new discoveries are made of non
renewable resources. Thus, the total change is the sum of
the subtractions and additions.

For most of the resources, asset values based on market
prices were then applied to the quantities lost (or added) to
arrive at the yearly natural resource asset depreciation (or
appreciation) in dollar terms.

national accounting framework. In that sense, it provides
the essential core of principles needed to begin green ac
counting, which is why the WRI experience is presented be
fore the UN case studies are reviewed.

The first study that WRI conducted with the help of a
number of collaborating individuals and institutions cov
ered Indonesia, published in June 1989. The second, pro
duced in cooperation with the Tropical Science Center in
San Jose, Costa Rica, was published in English in Decem
ber 1991.13 In each, most of the economically important
natural assets of the country were identified-for Indonesia,
these were oil, forests, and soil; for Costa Rica, they were
forests, soils, and fisheries. To be considered an economic
asset, the resource must be known to exist. (Only proven re
serves of oil, for example, can be considered.) Further, it
must be economically viable to harvest and market the prod
ucts derived from the resource-timber that is so remote
that it cannot be commercialized profitably is not consid
ered an economic asset, nor is soil that produces no com
mercializable products. (See Figure 1.) Protection forests
may have economic value as watersheds, as sources of ge
netic resources, and non-timber forest products, or as the ba-
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Source. Tropical SCience Center and World Resources Institute, 1991.

Resource Depletion ReSUlts

The results in both cases showed that the loss in natural
capital was quite significant-not to be overlooked when
evaluating the sustainable income of the country.

The Costa Rican study showed a rapid loss of natural
capital. From 1970 to 1989, the accumulated depreciation
in the value of its forests, soils, and fisheries amounted to
US$4.1 billion (184 billion colones). Roughly, this re-
flected an annual loss of over 5 percent of gross domestic
product. (See Table 1.) Similarly for Indonesia, while GD
increased at an average annual rate of 7.1 percent from
1971 to 1984, domestic product net of resource deprecia-
tion increased by only 4.0 percent per year. (See Figure 2.)
When 2 percent can mean the difference between recession
and healthy economic growth, these figures indicate a ma-
jor change in the natural assets in the country and in its
productive potential.

Natural resource asset depreciation can be thought of as a
negative investment. "Net domestic investment"-the fig-
ure achieved by subtracting natural resource depreciation
from gross domestic investment-is a more accurate de-

Table 1. Gross Domestic Product Net of Natural Resource
Depreciation, 1970 • 89 (in millions of Colones)

,

Gross "Conventional" Natural "Adjusted" Natural resource
Year domestic net domestic resource net domestic depreciation as

product product depreciation product %ofGDP
(1) (2) (3) (2)-(3) (3)/(1)

1970 93,446 87,495 4,982 82,513 5.3%
1971 94,382 88,435 6,577 81,858 7.0%

1972 100,912 94,727 5,553 89,174 5.5%

1973 116,525 110,022 6,656 103,366 5.7%

1974 122,740 116,259 8,115 108,144 6.6%

1975 125,393 118,738 7,583 111,155 6.0%

1976 132,310 125,123 6,182 118,941 4.7%

1977 143,990 136,597 6,311 130,286 4.4%

1978 153,124 145,089 6,189 138,900 4.0%

1979 160,598 152,027 8,750 143,277 5.4%

1980 161,894 153,365 8,233 145,132 5.1%

1981 158,237 150,726 5,510 145,216 3.5%

1982 145,932 140,842 5,517 135,685 3.5%
1983 154,481 149,453 9,637 139,816 6.2%
1984 163,011 158,150 10,711 147,439 6.6%
1985 169,299 164,605 11,231 153,374 6.6%
1986 177,327 172,918 14,554 158,364 8.2%

1987 186,019 181,368 10,522 170,846 5.7%

1988 207,816 202,515 21,163 181,352 10.2%

1989 231,289 225,966 20,604 205,362 8.9%

Note: Gross Domestic Product Values from Costa Rica Central Bank~1986) and
unpublished data were converted to constant colones using the GOP eflator in IMF,
International Financial Statistics
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Figure 3. GDI and "NDI," in Constant 1973 Rupiah
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scription of the investment in future productive potential
made by a country during a given year. For Indonesia, net
domestic investment exceeded the figure for gross domestic
investment in 1974 due to a major discovery of oil. In 1979
and 1980, however, net investment was actually negative.
(See Figure 3.)

When the natural resource asset depreciation is compared
to total production in the agricultural sector, the figures are
quite alarming. In Costa Rica, for example, when the depre
ciation of the natural resources upon which agricultural pro
duction is based was subtracted, this figure-net
agricultural product-was approximately one half of gross
agricultural product in 1989. (See Figure 4.)

Methodology

The precise methodologies applied in Costa Rica and In
donesia differed between countries because data resources

Figure 2. GDP and "NDP," in Con stant 1973 Rupiah
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extraction, and marketing. Scarcity and location advantages
can increase both the rent and the net price of a particular
resource.

Which valuation method is used depends on the proxim
ity of the resource in question to the market economy.
Some resources, such as minerals and oil, enter directly into
the market and so have market prices. Others, like soil and
ground water, contribute to market production and thus can
be assigned a monetary value even though they have no
price.

The methodology is illustrated for both renewable re
sources (forests, soil, and fisheries) and a non-renewable
resource (oil) in the case studies carried out in Indonesia
and Costa Rica. For forests, first physical accounts of the
stocks and of changes in the stocks (measured in number of

40,....-------------------,

m 10

Source: Tropical Science Center ond World Resources
Institute, 1991.
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After Natural Resource Depreciation
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and research capacity weren't identical. They also differed
across sectors. For example, the precise methodology used
to depreciate fisheries is different from that used to
depreciate oil.

The basic approach, however, is to begin by constructing
physical accounts of resource stocks and changes in those
stocks for each asset in question. These accounts are re
corded in physical units appropriate to the resource. The ba
sic accounting identity is that opening stocks plus all
growth, increase, or addition less all extraction, destruction,
or diminution equals closing stocks. The resources are then
evaluated using the concept of "economic rent"-roughly
equivalent to the profit that can be derived from an eco
nomic resource in excess of its supply cost. For example, if
a barrel of crude oil costs $6 to discover, extract, and mar
ket and can be sold for $10, the economic rent is $4 per bar
rel. This is an example of the "net price" method where the
"net price" is the market price minus the cost of discovery,



cubic meters) were constructed. These volume figures were
obtained using land-use maps, satellite information, and
field studies which revealed more precise information about
the composition of the forest-how dense it is and how
many marketable species it contains. Because forests can
be regenerated as well as depleted, it was also necessary to
estimate the volume of growth of secondary forests. The
data available in Costa Rica allowed for sophisticated calcu
lations of the types of timber in various locations, and ana
lysts had access to precise information about the growth
rates of various species. In Indonesia, on the other hand,
rather crude data provided the basis for reasonable but less
precise estimates of the stock of timber and changes in that
stock. (See Table 2.)

Once the physical accounts were constructed, the valu
ation of the depreciation of timber resources was quite
straightforward. The changes in the stock of timber were
multiplied by the net price or "stumpage value" of the tim
ber-essentially, the market price of timber minus the cost
of bringing it to market.

To calculate soil depreciation in both Indonesia and Costa
Rica, the first step was, again, to account for physical
changes in the volume of soil lost to erosion. The volume
was estimated with the help of the Universal Soil Loss
Equation (USLE) and maps of soil characteristics, weather
conditions, and land use. Soil scientists familiar with this
standard equation can determine factors for slope (length
and gradient), soil quality, erosivity of weather, land cover,
and soil conservation measures. These factors are multi
plied to achieve the tons of soil eroded per hectare in land
areas with particular characteristics. (In Costa Rica, for ex
ample, the country was divided into 88 land unit types.)
The quality of the data, of course, determines that of the
results.

When the erosion in tons per hectare was calculated, it
was then valued using two methodologies. For Indonesia,
the relationships between erosion and soil-productivity
changes in different crops were used to determine the differ
ence in value of production that could be expected due to a
specified amount of soil erosion on a particular type of land
devoted to a particular type or class of crops. This method
ology was rather data intensive, requiring not only statistics
on the relationship between soil erosion and productivity,
but also crop budget information. On the other hand, if
good data is available, the soil depreciation calculated will
reflect the true loss in value as an economic asset. 14

The value of soil depreciation for Costa Rica was deter
mined using a different methodology, one based on the esti
mation of principal marketed nutrients in the soil. Once the
tons of soil erosion per hectare were known for various
land-unit types, the amount of nutrients (nitrogen, potas
sium, and phosphorus) that would have to be replaced was
determined-again, with the help of soil scientists. The
market value of those nutrients plus the cost of labor to ap
ply the fertilizer became the value of soil depreciation due
to erosion. While this valuation method is relatively con
venient, it ignores the fact that some land may be profitable
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for reasons other than soil quality.IS Further, nutrient com-
position alone does not determine soil quality.

Fishery depreciation for Costa Rica was calculated using
models that estimate changes in the "sustainable yield" of
the fishery based on fishing effort and catch size. (Sustain-
able yield measures, at a certain level of effort-or intensity
of fishing-the fishery's productive potential). The net
price of fish-the market price of fish minus all the costs of
bringing the fish to market-was then applied to the yield
to obtain the value of the fishery as an asset. When a fish-
ery is over-exploited, the sustainable yield and the value of

Table 2. Indonesian Forestry Accounts

1975 1976 1977 1978 1979

Physical Accounts
(million cubic meters)

Opening Stock 25, 171.~ 25,062.~ 27,940.~ 24,818.~ 24,692.

IAdditions

Growth 5H 51.~ 5H 5H 51.9

Reforestation 11.E 1M 15.~ 18.£ 20.1

Reductions

Harvesting 16.~ 21.1 22.~ 24.:: 25.~

Deforestation 110.( 110.( 110.( 110.( 110.0

Loglling Damage 32.~ 42.: 43.1 47.1 50.(

Fire Damage 14.( 14.( 14.£ 14.( 14.0

Net Change -108.E -122.( -122., -126.1 -127.'

Closing Stock 25,062.E 24,940.( 24,818.1 24,692., 24,565.0

Unit Values

(US$/m3
)

FOB Export Price 26.4( 44.7 47.5( 46.71 85.21

Costs 11.8E 20.1:: 21.3' 21.0 29.8

Primary Rent 14.5~ 24.5E 26.12 25.61 55.3

Secondary Rent 7.2( 12.29 13.06 12.8' 27.68

Monetary Accounts
(US$ millions)

Opening Stock 406,27d 256,848. 432,898.~ 457,956.~ 447,586.3

Additions

Growth 376.d 637. 677.~ 665.6 1,436.9

Reforestation ~ q q d 0

Reductions

Harvesting 236. 526.£ 579.9 620. 1,400.9

Deforestation 798.( 1,351.£ 1,436.f 1,410.1 3,045.2

LOQging Damage 233.1 516.~ 572.C 613.( 1,384.2

Fire Damage 101.6 172.1 182.E 179,( 387.6

Net Change -993.9 -1,932.( -2,093.E -2,158.: -4,78U

Revaluation 148,429.2 177,98H 27,151.E -8,211. 518,669.C

Closing Stock 256,848.6 432,898.1 457,956.E 447.586.' 961,474.C

Source: Repetto et aI., 1989
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Box 1: Valuation Methods for Natural Resource Accounting

Resource stocks have traditionally been valued according to
three principal methods: the present value method, the land
value method, and the net price method. When none of these ap
proaches is feasible, the replacement cost method can be used as
an alternative. Salah El-Serafy of the World Bank has recently
pioneered the development of the user cost method specifically
for depreciating national accounts for natural resource depletion.

The present value method. In tenus of theoretical accuracy,
the preferred method of valuing stocks of non-renewable and re
newable resources is the present value method. The true value
of the asset is the present value of the stream of income that it
will earn if put to its best use. (The term "p.resent value" recog
nizes that future income is worth less than current income and is
discounted accordingly by the rate of interest.) Using this
method requires that future prices, operating costs, production
levels, and interest rates be forecast over the life of the natural
asset. A variation of this method was used in the case of fisheries
for the WRI Costa Rica case study.

The land value method. When markets are competitive, land
prices should reflect the present value of the natural assets that
they contain. Thus if the market values of transactions in re
source stocks are available, they can provide a basis for valuing
the resource.

The net price method. Equivalent to the above two methods
in competitive markets in equilibrium, the net price method pro
vides a relatively simple alternative to use when the information
needed to calculate the present value and transaction values of
resource stocks is not available. Under the net price method,
changes in the reserves are multiplied by the "net price" of the
asset-the market price minus the cost of discovery, extraction,
and marketing. To use this method analysts need only current
data on prices and costs. Although competitive equilibrium con
ditions are rare, the convenience of this method may compensate
for its theoretical inadequacies.

The replacement cost method. If the resources in question do
not enter directly into the market, current prices are not available
and it may not be possible to employ the net price method. In
such situations, the replacement cost method can be used in
stead. Theoretically quite different than any of the above three
methods, the replacement cost method measures the cost of re
storing the resource to its previous state-not the actual change
in present value tenus. In the WRI Costa Rica case study, soils
were valued in tenus of the replacement cost of fertilizer. The
UN Statistical Division has also used this approach to value

the fishery as an asset fall over time. The model thus al
lows for estimation of the depreciation in the asset value.16

Non-renewable resources, as in the case of Indonesian
oil, are the most straightforward to account for in physical
accounts. Data on Indonesian oil stocks and flows was
readily available. Price and cost information was likewise
easily obtained. If the net price method is used,17 deprecia
tion is essentially the volume pumped times the market
price minus the cost of bringing the resource to market.
When oil is discovered, the resource appreciates. Major
discoveries of oil-like that experienced in 1974 in
Indonesia-can lead to a jump in total net sustainable
income for that year. (See Figure 2.)

changes in groundwaer. This method is often inadequate for
measuring the true cost of depletion, however. Fertilizer loss, for
example, is not really an adequate replacement for loss of soil
quality due to erosion-it can only approximate the loss. The
soil may be so severely degraded that no amount of fertilizer can
restore the productive capacity.

The user cost method. The above methods are used to value
the depreciation of natural capital and subtract that from NDP
(which is GDP net capital depreciation) to achieve a NDP ad
justed for the depletion of natural resources. According to Salah
El-Serafy, adjusting NOP by natural capital depreciation using
any of the above methods entails a fundamental error. He argues
that the sales of natural assets should not be included in GDP to
begin with because they do not generate value added. He thus
proposes a method that divides total receipts (now counted as in
come) into a value added element (true income), and a natural
capital element-the ''user cost." Before NDP can be adjusted
for natural resource depletion, GDP is adjusted by the amount of
the user cost. Unfortunately the method is quite sensitive to
changes in a rather arbitrarily chosen discount rate. Although it
has been applied as an alternative in the case studies conducted
jointly by the World Bank and the UNSTAT, the method does
not appear to be entering the mainstream.

The choice of method can certainly affect the calculated value
of depreciation. A study of forest depreciation for the Philip
pines compares the net price method and the present value
method (DENR 1991). Researchers found the net price method
easier and faster to use, but found also that it tended to overesti
mate depreciation because it disregarded future tree growth and
might reflect inflated monopo,ly prices. The present value
method, the more sound economic approach, entailed more infor
mation and took more time to use. Adjustments to NNP aver
aged -6.2 per cent using the net price method-much higher
than the -.22 average adjustment based on the asset value ap
proach. The user cost method, which corrects both GDP and
NNP, also yields quite different results. (See Sadoff 1992.)

Note.' For further reading on these valuation methods, see
Born (1992), Hartwick and Hageman (1991), Repetto et aL
(1989); on the present value method, see Weitzman (1976); on
the land value method, see Boskin et al. (1985); on the net price
method and its relation to the other traditional methods, see Lan
defeld and Hines (1985); on the user cost method, see El Serafy
(1989), Sadoff (1992).

4. ENVIRONMENTAL ACCOUNTING UNDER THE UN
FRAMEWORK OF NATIONAL ACCOUNTS

The UN framework for environmental accounting was
applied on a test basis in some countries while the new
Handbook ofIntegrated Environmental and Economic
Accounting was being prepared. The emphasis in this case
work has been quite different from that in the WRI studies.
WRI tried to arrive at realistic indicators of the sustainable
income for the countries studied during the periods under
question by adjusting NDP for natural resource depletion.
In contrast, the UN case studies have focused on the na
tional accounting process and how the related extensive sys
tem of information of use in economic management can be
expanded to include environmental information. Account-



ing and information-management concepts have played a
much larger role in this work, though the estimates of physi
cal depletion are rougher in the test cases. Some important
resource categories had to be omitted for lack of informa
tion. Nevertheless, such compromises are necessary if
national accounting systems are to accommodate environ
mental information. With the release of the Handbook,
countries and research institutes can coordinate their efforts
more closely and move toward internationally accepted
methods of green accounting.

Mexico

The first UN case study was of Mexico. Carried out in
1990/91 by the UN Statistical Division (UNSTAT), the
World Bank, and the Mexican "Instituto Nacional de
Estadfstica, Geognifica e Informatica" (INEGI) (Van Ton
geren et al. 1991),18 the work was developed within the
framework of the existing national accounts of Mexico and
was based on concepts being developed for the Handbook.
The effort was a self-proclaimed "feasibility study aimed at
integrating economic and environmental data bases and
analyses" (Van Tongeren et al. 1991).

While WRI calculated only the physical depletion of
selected natural assets and translated that into monetary
terms, the environmental accounting framework in the
UN's Mexican study called for analysts to calculate the deg
radation of environmental services as well. But the scope
was nevertheless limited by data and resources. Three areas
of environmental concerns were addressed: 1) Oil Extrac
tion; 2) Deforestation and Land Use; and 3) Degradation.

Oil extraction is handled as in the WRI case studies-the
concern is the physical exhaustion of oil as a resource while
the other environmental impacts of oil extraction and pro
duction are handled under degradation. The second cate
gory is also concerned with the quantitative reduction of
natural resources-specifically, timber (in cubic meters)
and forest land (in hectares). The economic underpinnings
are quite similar to those of WRI's work on timber deple
tion, though the accounting categories are more complex.
The third category, degradation, goes beyond the scope of
WRI's analysis to deal with the qualitative degradation of
the ecosystem. Included in this category are the impacts of
air and water pollution, of garbage and solid waste, land
erosion, and groundwater loss.

WRI considers erosion and groundwater loss forms of re
source depletion since both land and groundwater are physi
cal productive assets whose depletion can be measured
quantitatively. The UN's differing interpretation reflects the
'differing valuation principles applied. In fact, either deple
tion or degradation is an equally plausible term for the loss
of these resources. Although a "net rent" or net price
method theoretically could be used to measure the depletion
of either soil or groundwater, in practice estimating the true
rent may be difficult. For example, in the Costa Rica case
study, WRI and TSC were forced to used a valuation meth
odology typically used for degraded resources-the replace
ment cost method. (See Box 1.)
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The valuation method used for oil and timber depletion
was the same one used by WRI-the net price method. A
parallel calculation of depletion was also made using the
"user cost" method. (See Box 1.) Changes in the value of
forest land when it is converted to other uses are deter
mined on the basis of the discounted value of future income
from forest production. Because in many cases forest land
became waste land once the forests were felled, this value
was negative. 19 Degradation was valued according to the
avoidance cost per unit of degradation. For land erosion,
this value was the replacement cost of fertilizer-the same
monetary measure of erosion that WRI employed in the
Costa Rica case study.2o For groundwater loss, the cost was
assumed to equal what it would cost to re-inject water into
underground reservoirs. Water- and air-pollution costs were
valued according to what it would cost to reduce pollution
to acceptable levels. These valuation techniques were cho
sen because they are practical and rely on actual cost infor
mation instead of "speculative values." However, to assess
the full costs of air and water pollution, for example, the
health effects on people would have to be known.

UN researchers also calculated aggregate indicators of
net domestic product (NDP) that were adjusted for environ
mental values. They were concerned with both resource de
pletion and resource degradation, but they considered the
costs of resource degradation a more controversial element
of the analysis. Thus, they calculated two values for envi
ronmental domestic product-EDPI and EDP2. The first
(EDP1) is net income minus resource depletion; the second
(EDP2) is net income minus both resource depletion and re
source degradation.

Table 3 presents these aggregate indicators for the single
year of the study. When net product is adjusted for resource
depletion (EDPl), the value is 5.7 percent less than the con
ventionally determined value. When net product is adjusted
both for resource depletion and degradation, the value is 13
percent less. Just as it was for the WRI cases, the value of
net investment when environmental assets are taken into ac
count is even more dramatic: net investment for the econ
omy was reduced by about half. When resource
degradation was also taken into account, net investment
became negative.

Authors of the Mexico case study did more than revise
macroeconomic aggregate product indicators. They also

Table 3. Comparative Analysis of Expenditure
Distribution of NDP, EDP1 and EDP2

NDP EDP1 EDP2

Net Product'Expenditure 42,060,516 39,662,772 36,448,314

Final Consumption 34,948,897 34,948,897 34,890,558

Net Investment 4,703,654 2,305,910 -850,209

Economic Assets 4,703,654 4,703,654 4,703,654

Environmental Assets ·2,397,744 -5,553,863

Exports-Imports 2,407,965 2,407,965 2,407,965

Source: Van Tongeren et ai, 1991.
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Table 4. Breakdown of Production Data by Economic Activities (billion Mexican pesos)

Animal Trade, Transport, Other Gov't Household Total
Agriculture Farming & Forestry Fishing, Oil Other Manufacturing Electric, Construction Hotels & Storage & services Services Production Production

Breeding Hunting, Mining Gas, Water Restaurant Communi- (excluding Activities Activities
etc. cations Govemment)

Econ. Supply
Total 3,241,866 2,285,331 283,943 249,551 1,901,465 900,951 25,874,013 900,798 4,897,862 16,014.145 4,596,322 12,637,004 2,016,522 0 75,799,773

Econ. Uses
Total 619,948 1,003,947 35,676 94,512 229,920 354,982 14,805,379 451,937 2,827,735 2,707,691 1,431,195 3,180,714 664,435 28,408,071

of which: Env.
Protection svs.
Industry 767 12,555 4,155 5,162 68,747 1,469 92,855
Households 58,339 58,339

Depreciation 261,074 171,435 22,805 20,097 200,091 138,686 2,285,025 119,029 351,550 231,712 761,207 764,701 3,774 5,331,186

NDP 2,360,644 1,109,949 225,462 134,942 1,471,454 407,283 8,783,609 329,832 1,718,577 13,074,742 2,403,920 8,691,589 1,348,313 42,060,516

Env. Uses

Oil Concerns
Oil Depletion 1,469,930 1,469,930
New finds

Deforest.
concerns
Woods 164,165
Forestland
Trnsf. 164,165
to ec. use
Transfer
Losses 137,687 517,983 53,602 54,377 763,649

EDP1 2,223,157 591,966 61,297 134,942 1,524 407,283 8,783,609 329,832 1,664,975 13,074,742 2,403,920 8,691,589 1,293,936 0 39,662,772

Degradation

Land
Soil Erosion 107,709 250,701 98,470 48,880
Solid Wastes 197,269 197,269

Waler
Grnd Wtr Use 86,582 830 14,173 1,204 280 21,453 67,046 191,568
Waler Pollution 424,849 237,607 662,456

Air
Sulfer Dioxide 6,709 12,275 197,697 13,602 3,887 623 234,792
Nitrog. Oxides 3,164 11,629 48,394 56,901 1,515 15,839 137,442
Hydrocarbons 21,795 11,299 580 54,726 32 38,976 127,409
Crbn. monoxd 40,384 4,992 3,212 613,876 139 410,223 1,072,826
Suspended pt. 2,592 9,464 59,537 5,918 2,153 3,813 83,477

EDP2 2,028,866 340,435 -29,173 134,942 -73,120 407,283 8,294,927 19,208 1,664,975 13,074,742 1,658,898 8,683,582 1,272,483 ·1,029,735 36,448,314

Source: Van Tongaren at al. 1991

calculate the resource depletion and degradation by eco
nomic activity. (Sfie Table 4.) Oil depletion is recorded for
the oil industry and timber depletion is recorded for the for
estry industry. Losses incurred when forest land is con
verted to other uses are attributed mainly to agriculture and
livestock production. All resource degradation costs are at
tributed to the industry responsible.

Domestic product net of environmental costs is calcu
lated for the various sectors. (See Table 5.) In livestock,
for example, net product is reduced by almost one half
when resource depletion is taken into account. When re
source degradation is also taken into account this figure is
reduced to less than one third of its original value. Oil de
pletion accounts for almost all of the oil sector product, and
when degradation is taken into account, net product in the
oil sector is negative. Degradation also reduces net product
substantially for utilities (electricity, gas, water) and for
transport and communication.

Papua New Guinea

The next effort to apply the concepts of the UN Hand
book was a case study on Papua New Guinea produced
jointly by the UN Statistical Division and the World Bank
(Bartelmus, Lutz, and Schweinfest, 1992).21 The purpose
of this study was to apply the framework in a country at an
early stage of development where environmental problems
are still limited, but data and institutional capacity are
weak. Analysts hoped to test the methodological
approach-not to produce the best possible numbers nor to
try and influence policy.

Like the Mexico case, this study examined both depletion
and degradation to the extent that data allowed. Again, fig
ures of net domestic product were calculated, adjusting for
resource depletion to arrive at EDPI and adjusting for both
resource depletion and degradation to arrive at EDP2.

Depletion of natural resources was calculated only for
mineral resources-copper, gold, silver.22 (See Table 6.)
For the six years under study, this figure was subtracted
from traditional net domestic product to arrive at the first
environmentally adjusted figure. In 1987, the difference



11

Table 5. Net Product Generated and Economic Assets Used in Economic Activities
Comparative Analysis Between NDP, EDP1 and EDP2 (billion Mexican pesos)

Agriculture Animal Forestry Fishing, Oil Other Manufac- Electnc, Construe- Trade, Hotels Transport Other Govern· Sub-total Household Total
Farming Hunting, Mining turing Gas, tion and 810rage& services ment Other Production Production

and etc. Water Restaurant Communica (excluding Services Industnes Activities Activities
Breeding tion govern-

ment)

NOP 2,360,844 1,109,949 225,462 134,942 1,471,454 407,283 8,783,609 329,832 1,718,577 13,074,742 2,403,920 8,691,589 1,348,313 36,350,582 42,060,516
%Oistnb. 5.61 2.64 0.54 0.32 3.50 0.97 20.88 0.78 4.09 31.09 5.72 20.66 3.21 86.42 100.00

EOP 2,223,157 591,966 61,297 134,942 1,524 407,283 8,783,609 329,835 1,664,975 13,074,742 2,403,920 8,691,589 1,293,936 36,242,603 39,662,772
%Oistrib. 5.61 1.49 0.15 0.34 0.00 1.03 22..15 0.83 4.20 32.96 6.06 21.91 3.26 91.38 100.00

EOP2 2,028,866 340,435 -29.173 134,942 -73,120 407,283 8,294,927 19,208 1,664,975 13,074,742 1,658,898 8,683,582 1,272,483 34,668,815 -1,029,735 36,448,314
%Oistrib. 5.57 0.93 -0.08 0.37 -0.20 1.12 22.76 0.05 4.57 35.87 4.55 23.82 3.49 95.12 100.00

Source: Van Tongeren et ai, 1991.

was about 8 percent. The researchers emphasize, however,
that in a newly developing country such as Papua New
Guinea with many undiscovered mineral reserves, mineral
resource depletion should not be viewed as a problem-es
pecially since the proceeds can be invested in human
capital development and other components of sustainable
development.

Forests and fisheries are also important natural resources
in Papua New Guinea. About 75 percent of Papua New
Guinea is covered by forests, but the forest industry is still
small-representing about 4 percent of GDP. The role of
the fishing sector is much smaller-only 0.3 percent of
GDP in 1988. Very little data was available for fisheries
and though available data on forests was reviewed, the
value of resource depletion was not calculated for either of
these resources because evidence suggested that these re
sources were being used sustainably.

Degradation costs were assessed for four production sec
tors: agriculture, forestry, mining and energy. Very rough es-

Table 6. Net Pricing Calculation of Depletion Costs and
Discoveries, PNG (mio Kina)

Total 1985 1986 1987 1988 1989 1990

Depletion Cost 74.1 126.8 209.7 106.3 25.2 180.7

Value Added, 239.2 329.8 490.0 609.5 352.7 377.9
Mining Sector

Adjusted Value 165.1 203.0 280.3 503.2 327.5 197.2
Added

Adjusted Value 69.0 61.6 57.2 82.6 92.9 52.2
Addedl
Traditional
Value Added (%)

Traditional GDP 2,423.9 2,555.0 2,831.1 3,140.9 3,140.9 3,103.1

Traditional NDP 2,207.3 2,313.6 2,569.1 2,861.7 2,698.2 2,760.3

EDPl 2,133.2 2,196.8 2,359.4 2,755.4 2,673.0 2,579.6

EDP1/Traditional 96.6 94.5 91.8 96.3 99.1 93.5
NDP(%)

Discoveries· n.a. 9.0 122.8 175.6 -383.3b 0.0

a) Including upward revisions

b) Negative adjustment due to mine closure

Source: Bartelmus, Lutz, and Schweinfest, 1992

timates were made of the ecological value lost when forest
land is converted to agriculture and forestry from traditional
uses-a high and a low figure-and applied to the hectares
of transferred use to arrive at a figure for
degradation.

The mining industry discharges heavy metals into rivers
and streams. Using plans produced by the three main opera
tional mines as benchmarks, analysts valued this kind of
degradation at the cost of avoiding the environmental dam
age. Finally, the major environmental impact from energy
production was determined to be from a new hydropower
development project. The results of negotiations over how
to compensate landowners were used to estimate the envi
ronmental degradation due to energy production.

The results of adjusting domestic product for both deple
tion and degradation are summarized in Table 7. The cost
of depletion per year varies between 1 percent and 8 per
cent of NDP, depending on the level of mineral production
for the year. Roughly, degradation accounts for an addi
tional 8 percent of NDP. Degradation figures according to
specific sectors are evaluated only for 1989.

Researchers concluded that though the study showed the
feasibility of applying environmental accounting in a coun
try such as Papua New Guinea, data availability can limit
the quality of the results.

5. A SURVEY OF COUNTRY EXPERIENCE WITH
ENVIRONMENTAL ACCOUNTING

Environmental accounting at the national level is not
particularly new. Both the United States and Norway, for
example, have been accumulating environmental data for
years and developing environmental accounts for use in eco
nomic and environmental policy analysis. What is new is
the effort to integrate environmental accounting into the
standard indicators and national accounting systems used to
measure sustainable development worldwide. Currently, in
both developed and developing countries, efforts in this di
rection are now under way.
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Box 2: UN Guidance for Valuing the Environment

The System of Integrated Environmental and Economic Ac
counts (SEEA) proposed in the soon-to-be released UN Hand
book offers three valuation approaches: the market valuation
approach, the maintenance valuation approach, and an approach
that supplements the market valuation with contingent valuation
for dealing with environmental services that lack market values.
These approaches are listed in order of increasing controversy
and both the Handbook and the case studies focus on the first
two. Environmental accounts cannot yet be internationally com
parable because the choices countries make both among and
within the three approaches will radically affect the values calcu
lated.

The market valuation approach. The most conservative ap
proach suggested is the market valuation approach. It is applied
only to environmental changes contained in the balance sheets of
the new core SNA as "other changes." In the SEEA, these be
come environmental costs and include primarily depletion of
natural resources. However, when pollution or other degrading
activity lowers the market value of the natural asset, the costs of
degradation can also be included. For the purpose of market
valuatio'n, changes in market prices need not be observed: they
can be estimated in terms of income-generating capacity, much
as soil loss in WRI's Indonesia study was valued in terms of pro
ductivity changes. The market valuation approach includes all of
the valuation methods discussed in Box 1, except for the replace
ment cost method. Except for the use of the replacement cost
method for soil loss in the Costa Rica case, WRI has relied exclu
sively on market valuation methods.

The maintenance valuation approach. Since many environ
mental services are non-marketed and not included in the SNA
balance sheets (e.g. air, and wild land, waters and species), mar
ket valuation approaches alone cannot estimate the costs of envi
ronmental degradation. Thus, the United Nations recommends a
maintenance valuation approach for those countries that wish to
take this further step and expand the boundary of what the ac
counts call "productive capitaL" This approach estimates the
costs required to keep the natural environment intact during the
accounting period. In such an analysis, the costs could be either
those of avoiding the damage or of restoring the resource. In the
UN case studies, it usually meant the cost of restoring the re
source to an acceptable level-e.g., the replacement cost of fertil
izer or the cost of re-injecting water into underground
reserves-but the investment costs that industries would have to
bear to avoid the damage were also used. Lange and Duchin
(1993) emphasize, however, that avoidance costs may be ex
tremely small, while restoration costs could be almost infinite.

Another significant difference between the market valuation
approach and the maintenance valuation approach as described in

Environmental Accounting Practices in
Developed Countries

The approaches to environmental accounting that have
been pursued in developed countries vary widely.23 The
United States and Norway have both compiled data over a
significant period of time and have followed limited and
practical programs designed to support economic policy.
Efforts in the United States until recently were restricted to
identifying and reclassifying environmental expenditures,
while in Norway the focus was on constructing physical re
source accounts for politically and economically important

the Handbook is that the former allocates environmental costs to
the economic activity that bears the cost while the latter allocates
them to the economic activity that causes them. This makes for
some inconsistency within the SEEA, but as Bartelmus (1993)
notes, many such inconsistencies are built into national accounts.

The contingent valuation approach. The third principal ap
proach recommended by the United Nations-although more for
"ad-hoc modeling and research than for routine data collection"
(Bartelmus 1993)-combines the first market valuation approach
with contingent valuation of environmental costs and services so
that the environmental costs borne by both industries and house
holds can be assessed comprehensively and consistently. This
approach is closely related to Peskin's neoclassical approach to
environmental accounting (1976,1991) and its principal contri
bution is to positively adjust the accounts for environmental
benefits. Although many people may have doubts about
contingent valuation (since the results of opinion surveys of the
willingness-to-pay to avoid environmental damage often suggest
an idealism not borne out by human behavior), it can yield re
sults of similar order of magnitude to market based approaches
(Lutz and Munasinghe 1993). Also, other related methods which
do not rely on surveys can also be used (Gramsch, Michaels, and
Peskin 1993). Peskin (1991) argues strongly that only by incor
porating environmental benefits as well as costs can an environ
mental accounting framework yield consistent cost-benefit
analyses.

In the Papua New Guinea case study, the United Nations ap
plied an approach that reflected principles of contingent valu
ation: environmental costs were assessed based on negotiations
between the traditional users of the forests and the logging
companies.

Note: For further reading on the valuation methods used by the
United Nations, see the UN Handbook on Integrated Environ
mental and Economic Accounting (1993), Bartelmus (1993), and
Bartelmus and Tardos (1993); and for applications, see the case
studies: Bartelmus, Lutz and Schweinfest (1992), van Tongeren,
Schweinfest and Lutz (1991). A good review of valuation meth
ods can be found in Lutz and Munasinghe (1993). Lange and
Duchin (1993) provides a useful discussion comparing different
approaches and the kinds of results that they yield.

See Leipert (1989) and Leipert and Simonis (1989) for a con
ceptual discussion of defensive (maintenance) expenditures and
a German example. Maler (1991) argues against using defensive
expenditures as a proxy for environmental damage. For a good
conceptual discussion of contingent valuation approaches, see
Smith (1993); and for use in a neoclassical environmental ac
counting framework, see Peskin (1976,1991).

resources. Major differences in scope also exist. France
and the Netherlands have invested more developing elabo
rate and comprehensive accounting frameworks than Nor
way and the United States have, but they have less
experience in implementation. Finally, some countries, like
Japan, have given only sporadic attention to the issue. In
1973, a Japanese government committee initiated a two
year study to develop improved accounts to measure na
tional welfare, including adjustments for the effects of
environmental pollution, but these accounts have not been
maintained.24



Table 7. Environmentally Adjusted Net Value Added and
Domestic Product, PNG 1986 • 1990a

1986 1987 1988 1989 1990

agri. forestry mining Total

NDP 2,313.6 2,569.2 2,861.6 662.6 154.9 229.9 2,698.1 2,760.2

EDP1 2,186.8 2,359.5 2,755.3 662.6 154.9 204.7 2,672.9 2,579.5

EDP2 2,132.9 2,305.6 2,701.6 654.6 144.9 169.0 2,619.2 2,525.7

NDP-EDP2 7.8 10.3 5.6 1.2 6.5 26.5 2.9 8.5
NDP(%)

NDP-EDP1 5.5 8.2 3.7 0.0 0.0 11.0 0.9 6.5
NDP(%)

a. Given the many underlying assumptions that had to be made, the values presented
here should be interpreted and used with considerable caution.

Source: Bartelmus, Lutz, and Schweinfest, 1992

Several industrialized countries besides the United States
and Japan have tried to take account of costs related to envi
ronmental pollution. Data on expenditures made to clean
up the environment or to defend against such environmental
problems as air and water pollution have also been col
lected in France, Germany, and the Netherlands. The
United States has estimated pollution-abatement or -control
expenditures using information supplied by firms. Re
sponse rates, however, have been poor. The Dutch comple
ment this survey approach with engineers' estimates of
pollution-control costs. Researchers in Germany have sug
gested that these pollution-abatement expenditures, along
with defensive expenditures, be removed from consumption
so that GDP would be reduced (Leipert and Simonis 1989).

Norway has pursued a physical natural resource account
ing approach since 1970, when it began work with forest ac
counts. (See Alfsen et a1. 1987.) The method describes the
transformation of resources (minerals, timber, and fish), en
ergy (petroleum and hydropower), and selected contami
nants for each economic activity. Essentially, these
accounts show the initial stocks, the changes or flows-by
use or discovery, and the stocks at the end of the period.
They may also describe the "input-output" relationships as
resources and energy enter into the production process and
are transformed into products and wastes. The environmen
tal and natural resource accounts are used by the govern
ment for decision-making about these key resources and
also in constructing macroeconomic models.

The French "Natural Patrimony Accounts" are also based
on a physical accounting approach. Although the estab
lished accounts are rather similar to those used in Norway,
"patrimony accounting" is much more ambitious conceptu
ally (Weber 1986). These accounts are designed to analyze
the environment from the economic, social, and ecological
dimensions. The system moves from resource data at the
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first level to aggregate welfare indicators at level seven
(Lutz 1993b).

Along with France, at least four other countries-the
Netherlands, Germany, Canada, and the United States are
contemplating more comprehensive environmental account
ing systems that would link expenditure data and Ehysical
resource data to the systems of national accounts. 5 In the
United States, efforts have been initiated in several govern
ment agencies, including the Bureau of Economic Analysis,
the Congressional Budget Office, and the Environmental
Protection Agency. (See Box 3.)

Some developed countries remain skeptical about inte
grated environmental accounting approaches. Although its
accounts are already used widely for information and analy
sis, Norway has no plans to expand the accounts, to make
them compatible with the system of national accounts, or to
adjust major indicators like GDP or NNP. In Australia,
there is already much disillusionment and widespread con
fusion about the nature and purpose of natural resource ac
counting (Young 1993). After constructing basic accounts
for the depletion of natural resources in Australia, Mike
Young concludes that these kinds of accounts are unlikely
to positively affect resource management. Mineral discov
eries (which adjust GDP upward), for example, swamp the
effects of land and forest degradation. Particularly in indus
trialized countries where resource depletion relative to the
total economic activity is very low, approaches which do
not take pollution costs into account may do little to im
prove environmental policy. Even the more comprehensive
UN approach ignores such quality-of-life considerations as
noise, congestion, and landscape amenities.

New Efforts in Developing Countries

In developed countries, since industry and services pro
vide most of the jobs, environmental concern tends to focus
on air pollution, water pollution, and other industry-related
problems. But in developing countries, agriculture, for
estry, fishing, and mining activities may employ the bulk of
the population. The economic results of rapid deforestation
and severe erosion and degradation of agricultural land
from overexploitation experienced in developing countries
in recent years have been serious, and the need to properly
account for these assets in planning for sustainable develop
ment has become evident.

Efforts-by public and private institutions and individu
als-are already under way in many developing countries
to incorporate natural resource and environmental account
ing into the systems of national accounts. An up-to-date
and comprehensive survey of all of these efforts is beyond
the scope of this paper, but the highlights are here reviewed.

The early WRI case work in Indonesia made important
policy impacts domestically by highlighting the extent of
environmental degradation. The work has inspired further
efforts in natural resource and environmental accounting by
the local government through the Ministry of Population
and the Environment with technical and financial support



The table also demonstrates the contribution of Peskin's ap
proach in placing a value on the environmental services that we
enjoy. To apply the methodology on a nation-wide scale, how
ever, would certainly be expensive. Nevertheless, as the pres
sure on the environment makes these services more and more
valuable, the demand for the information necessary to evaluate
changes in this value will continue to increase.

Note: For a more complete presentation of the Chesapeaka
study see Grambsch, Michaels and Peskin (1993). See Peskin
(1976; 1991) for further reading on his neoclassical environ
mental accounting framework. Peskin's framework is close to
the Dutch system and to the work of Hueting. See, for example,
Hu tin 1989.

Input Output

Environmental Damages Final Demand for Nonmarketed

Air 109.5 Environmental Services

Water 346.8 Beach Use 253.3-
Total 456.3 Boating 140.1

Recreational Fishing 41.1

Hiking 184.6

Net Env. Benefit 839.7 Camping 159.5

(Disbenefit) Waterfowl, Deer, and

Small Game Hunting 129.9

Wildlife Observation,

Photography &Feeding 193.6

Total 1,102.1

Waste Disposal Services

Air 104.4

Water 89.5

Total 193.9

Nature Sector Input 1,296.0 Nature Sector Output 1,296.0

Env. Depreciation (.) n.5 Env. Depreciation (-) n.5

Net Nature Sector Input 1,128.5 Net Nature Sector Output 1,218.5
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Chesapellka and the Peskin Approach

The U.S. Environmental Protection Agency has conducted a Table 8. Nature Sector Accounts for Chesapeaka • 1985
pilot study of integrated environmental accounting in the (Millions of 1987 dollars)
Chesapeake Bay region with the help of Henry Peskin-a pio
neer in resource and environmental accounting methodology.
In the study, a system of accounts that integrates environmental,
natural resource, and economic activity consistently and com
prehensively is applied. The region chosen for the study-the
counties that border the Chesapeake Bay and the estuarine por
tions of rivers that flow into the Bay-is treated as an inde
pendent nation, "Chesapeaka." Efforts in the last ten years to
protect the Chesapeake Bay have yielded relatively good data
on environmental activity and the value of environmental pro
tection for this ecologically important region.

Making use of this information, Peskin's environmental ac
counting framework adds a new sector-the nature sector-to
the traditional framework used to analyze household, business,
and government interactions. In this framework, the natural en
vironment is viewed as a collection of assets that generate serv
ices. For perspective here, the many economic assets that are
privately owned and are traded in the market place already enter
positively into the national accounts, but the benefits that many
environmental services and assets provide have been left out of
national accounts. While the WRI and UN case studies adjust
the accounts by making negative entries for environmental dam
ages and depreciation, in the Chesapeaka case the benefits of
non-marketed environmental services enter positively into the
national accounting framework. Thus, Peskin's framework is
one of the most comprehensive that has been attempted. Never
theless, many environmental problems of the Chesapeake re
gion such as solid and hazardous wastes, contamination of
sediments and living organisms by toxic chemicals, and loss of
biodiversity could not be included in this test case.

The valuation principles applied stick very close to neo-classi
cal economic theory insofar as they attempt to reflect the "true"
economic value of the resource. This value should be based on
the willingness of consumers to pay for the environmental serv
ice-what prices typically represent. Contingent valuation sur
veys are one way to find out, but they can be expensive and
sometimes unreliable. Several alternative methods were used in
the Chesapeaka case. For example, waste-disposal services
were valued at the cost of pollution control in accordance with
EPA policy. The costs of environmental damages were valued
using estimates of EPA policy benefits. Travel cost estimates
supplemented contingent valuation surveys to value nonmar
keted environmental services.

As Table 8 shows, the output of the nature sector is about I
percent of total output in Chesapeaka. Since other economic
sectors in the area are uniformly small, this nature sector is eco
nomically significant.

from Statistics Canada and USAID. Similar efforts have be
gun in the Philippines.26

In Costa Rica, a Spanish edition of the collaborative case
study carried out by the Tropical Science Center with WRI
has recently been released. Several government ministries,
including the Planning Ministry, the Ministry of Natural Re
sources, Energy and Mining, and the Central Bank, were in
volved with the case study research, and seminars were
planned to involve the local and international community in
the effort. The magnitude of losses revealed in the research

results of the study have impressed policy-makers. Since
the completion of the research, however, little headway has
been made toward integrating natural resource accounting
into the system of national accounts-in part because the
Central Bank is already involved with another revision of
the accounting system.

The case studies conducted by UNSTAT have also
prompted local efforts, especially in Mexico. During the
Mexico study, UNSTAT and World Bank staff made several
trips to Mexico and the National Institute of Statistics,



Geography, and Informatics (INEGI) was directly involved
with much of the data analysis. A major effort was made to
establish links between the local institutions, and Mexico's
system of national accounts served as the starting point for
the analysis. These efforts helped to institutionalize envi
ronmental and natural resource accounting in Mexico so
that local institutions are now leading the efforts.

In Africa, Botswana has begun to build integrated natural
resource accounts (Perrings et al. 1987, Lange and Duchin
1993). These accounts resemble the Norwegian accounts
for minerals and forests, and they are to be used to help set
both macroeconomic policy (with input-output models) and
sectoral policy.

The Indira Gandhi Institute of Development Research in
Bombay, India has recently released a framework for natu
ral resource accounting in India (Parikh, et al. 1992). This
framework uses the new UN guidelines as a point of depar
ture and builds on it to develop a structure particularly
suited to India. India's Ministry of Environment and
Forests commissioned the study, and the UN Development
Programme (UNDP) provided support.

The Center for International Development and the Envi
ronment at WRI has provided technical field assistance in
both El Salvador and Colombia. USAID sponsored the El
Salvador study to evaluate available data and develop a
framework for natural resource accounting in that country.
A local non-governmental organization helped coordinate
the project,27 and a committee of government personnel pro
vided guidance. WRI and the Tropical Science Center in
San Jose, Costa Rica together organized the effort and pro
vided technical assistance. The exercise, useful in assessing
the availability of data, indicated future directions for the in
tegrating of natural resource accounting into El Salvador's
system of national accounts.

The Government of Colombia established an Interinstitu
tional Committee of Environmental Accounts (CICA) under
the mandate of the new constitution to regularly assess envi
ronmental damage. The committee has had numerous dis
cussions among representatives of various institutions, such
as those responsible for planning, environment, and statis
tics. Case studies have been planned to apply a natural ac
counting framework to three key watersheds. The
Government of Colombia has allocated resources to the ef
fort, and UNDP has provided some financial support
(Molina 1993).

China's Development Research Center of the State Coun
cil has been working for a number of years to develop a fra
mework for natural resource accounting. WRI and the Ford
Foundation contributed technical and financial assistance to
that effort in a study published a few years ago (Jinchang et
al. 1990). More recently, the Chinese are attempting to
broaden their program to embrace environmental account
ing, and they have sought technical assistance from the UN
STAT as well as the French Institute of the Environment.

The Institute of Applied Economic Research (IPEA) in
Brazil's Ministry of Economics has begun developing natu
ral resource accounts for Brazil (Seroa da Motta 1991).
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The Organization of American States has provided techni
cal assistance to an effort in Uruguay, and similar work has
begun in Chile, Nepal,28 Cote d'Ivoire, Thailand, and Sri
Lanka.

On balance, the experience in developing countries, in
terms of both case study research and the institutionaliza
tion of the process of natural resource and environmental ac
counting, has revealed both promise and problems for those
who would follow suit.

6. IMPLEMENTATION: HOW TO BEGIN?

Whether and how well environmental or natural re
source accounting is implemented at the country level will
depend ultimately on its integration into the policy frame
work and its acceptability to policy-makers. This kind of
acceptance and integration will depend on at least two ma
jor requirements: good communication about the policy util
ity of environmental and natural resource accounting and
credibility of the proposed methodology. Most countries
are far from achieving the solid domestic consensus re
quired on policy utility. As for credibility, countries and re
searchers will have to work together internationally to
develop and agree upon standard methodologies.

There is no single recipe for how to establish credibility
and achieve consensus. Beginnings can be made by bring
ing people together from different institutions; obtaining
the UN Handbook of Integrated Environmental and Eco
nomic Accounting; establishing international links with or
ganizations, individuals, and governments developing
environmental and resource accounts; focusing first on re
source depletion (especially in developing countries); at
tacking the largest and most urgent problems; initiating
case study research efforts; or gathering data.

Institutional and Professional Cooperation

To achieve the necessary communication and consensus,
a dialogue between professionals across many fields will
have to be developed. Even to carry out a successful pilot
study of environmental accounting, the cooperation of a
number of individuals and institutions that may not be ac
customed to working together will be required, since neces
sary data and expertise are scattered among various
disciplines and institutions. Cooperating government insti
tutions and perhaps private research centers that will need
to share data and expertise may include 1) the unit that pro
duces the national accounts-perhaps the central bank or a
statistics bureau, 2) a planning and policy commission, 3)
the ministry or department of the environment, 4) an eco
nomic research unit, 5) perhaps ministries or departments of
agriculture, mining, urban planning, health, 6) units respon
sible for watersheds and/or hydroelectric power.

A good beginning might be a seminar involving a wide
selection of representatives from such institutions and a'ny
other key actors in environmental politics. The seminar
could provide the first step in determining the interest, pri
orities, skills, and data available for environmental account-



ing and establishing the necessary linkages between institu
tions and individuals that will be required.

The UN Handbook

The UN Handbook ofIntegrated Environmental and
Economic Accounting can be expected to become the new
international standard for environmental accounting proce
dures. To integrate resource depletion and degradation into
the current official accounting framework, its broad guide
lines should be followed. With some adjustments, the sys
tem can accomodate a number of methodological
approaches. Furthermore, since the UN guidelines claim
only to be work in progress-an interim measure until
greater consensus can be achieved, they encourage
economic researchers to explore new techniques and
exchange ideas.

International Links

Although the guidelines presented in the Handbook will
provide countries with some assurance that environmental
accounting methods are internationally credible, active in
ternational networks are needed to share techniques and ex
periences. An important outcome of a seminar on "Natural
Resource and Environmental Accounts for Development
Policy" sponsored earlier this year by the Organization of
American States in cooperation with WRI was the estab
lishment of a committee to maintain such a network for the
Western Hemisphere.

The case studies and country experience surveyed in this
paper have already indicated many of the primary sources
for information and technical and financial assistance for
natural resource accounting. UNSTAT will be the ultimate
authority for technical assistance, and the UN Development
Programme (UNDP) perhaps the primary source for finan
cial assistance. USAID has provided both technical and fi
nancial assistance in several countries mentioned in section
5, and the UN Environment Programme (UNEP) provides
some financial and technical assistance. The World Bank
has worked together with UNSTAT in developing methodol
ogy for environmental accounting. WRI has been available
for technical assistance and collaborative research. But
since formal channels of assistance and information net
works are still forming, those interested must initiate
relationships.

Resource Depletion

From a methodological standpoint, accounting for re
source depletion as the WRI case studies have done is still
an excellent beginning, since adequate consensus already
consists on valuation methodologies. For developing coun
tries dependent on natural assets, it is also an essential be
ginning. Indeed the depletion of forests, soils, oil and
mineral resources, fisheries, and even groundwater (though
its loss is more difficult to value) can in most cases be val
ued based on market prices.
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Urgent Problems

To insure that the results of natural resource and environ
mental accounts are incorporated into policy work, coun
tries should begin by assessing their environmental
problems and focusing on the most urgent. In agriculture
dependent developing countries, this often means soil degra
dation. Other countries may be depleting their subsoil
assets without investing the proceeds in the country's future
development. Many countries in Latin America have been
experiencing hydroelectric power shortages, and the value
of forests as watersheds is becoming quite apparent. How
exactly to account for this value within the new UN system
could be discussed; meanwhile, steps should be taken to
assess and value the importance of forests for water and
electricity.

For developed countries, these kinds of natural assets
may contribute little to the total value of production in the
country. Air pollution and water pollution may be much
more important concerns. In some developing nations as
well, natural assets may be nearly exhausted while the pollu
tion of air and water threaten the country's health and future
productive capacity.

Case Study Research

The political and technical might to establish official sat
ellite environmental accounts following the UN guidelines
may take some time to assemble. But this long lead time
should not stop researchers from developing case research.

WRI's work calculating the amount of resource depletion
for the principal natural assets in certain countries has pro
vided them with much-improved indicators of sustainable
income. The findings of such case research can provide de
cision-makers useful information until the time when a
more comprehensive and politically accepted methodology
is in place. It can also demonstrate how much incorporat
ing environmental accounting into the system broadens per
spective on sustainable economic policy. In both Costa
Rica and Indonesia, the magnitude of the resource deprecia
tion that has been revealed has prompted decision-makers
to act.

Case studies that focus on the accounting process, as the
UN studies do, are another vital avenue. Likewise, explor
ing and comparing a variety of valuation methods would
provide a useful input.

Even more useful would be applied policy research stud
ies using the industry-specific environmental information
that will be produced by following the UN Handbook.
Macroeconomic models based on detailed sectoral and in
dustry-specific information can indicate the kinds of policy
adjustments needed to move economies toward sustainabi
lity. Sector-specific studies based on this more detailed in
formation can improve resource management within the
sector.

Whether public or private, the research unit picked to
carry out case research should be experienced in economic
policy research in agriculture or natural resources more gen-



erally. The unit should have political credibility and should
be free to contract outside experts as needed. It should be
able to work with various public institutions to get the nec
essary data and other inputs to the study.

Data Requirements

Not least among good possible prerequisites for environ
mental accounting is the assembling of the data needed to
construct the accounts. Eventually, the methodology chosen
to account for and value environmental changes will deter
mine exactly what data is required. Meanwhile, current
doubts about the methodological adequacies of different ap
proaches need not stand in the way of collecting the raw
data required since most methods begin with physical
measures of depletion and degradation.

Because natural assets depletion is an important starting
point, data on physical changes in the quantity of natural as
sets available is an obvious beginning. For soils, the quan
tity of soil erosion should be estimated. WRI has used the
universal soil-loss equation and soil maps of the various fac
tors of the equation to make such estimates. Most countries
will have soil maps of key characteristics. Satellite imagery
can be an important input to determine slope and land-use
characteristics.29 Climate and weather data to help deter
mine erosion levels may also be important in making pre
cise estimates. Estimates can be complemented with field
survey information. When good data is not available, crude
estimates of the amount of soil loss due to erosion can be
made.

Satellite imagery will also be an important source of in
formation on changes in forest cover. Sample field studies
that classify and inventory various types of forests and spec
ify their density and the shares of particular marketable spe
cies can improve upon the information available by
satellite. If adequate financial resources are not available to
obtain the satellite imagery and complete inventories have
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not been made, generally the department of forestry will
have estimates available. The WRI case study of Indone
sian forests made use of only export information, the few re
search studies that had been done, and some rough
estimates of changes in forest cover.

Data on mineral and oil resources-extractions and dis
coveries-is likely to be available. The change in ground
water level can also be readily measured. Data that
estimates changes in the volume of fish in fisheries may be
more difficult to find, but generally in countries where fish
ing contributes substantially to GDP some assessments will
have been made.

Valuing the resource depletion will require only market
prices of timber and minerals and their production costs.
Prices of fertilizer will allow the valuation of soil loss with
the relatively simple replacement cost method.

In the broader realm of environmental accounting, the
United Nations typically endorses using data on avoidance
and abatement costs (as opposed to contingent valuation ap
proaches) to determine the costs of resource degradation.
Therefore, the cost of restoring a resource to its previous
productive value and data on clean-up costs for air and
water pollution should be collected. Data on contaminant
levels will also be relevant. Expenditures that companies
make to control pollution before it happens can also be col
lected. Data on compensation costs for persons harmed by
environmental changes can also be an important input.3D

Altering the world's accounting systems to account for
the depreciation of our natural assets and to better reflect
sustainable income will take considerable time, effort, and
money. It won't happen overnight. But, by taking deliberate
steps from many angles toward that end, we can begin to
bring the costs and benefits of changes in the environment
to the attention of policy-makers and to improve our ability
to plan for a more sustainable future.

Background
Drawing on major current approaches to natural resource and environmental accounting, this paper attempts to provide a balanced orientation
for policy-makers. The World Resources Institute has been involved in research in natural resource accounting since the mid 1980s. Case
study research in Indonesia and Costa Rica provided early examples of the significance of natural resource depreciation for national income.
More recently, WRI's Center for International Development and Environment has provided technical assistance for natural resource
accounting-particularly in El Salvador and Colombia. The Center also worked together with others at WRI and at the Organization of
American States developing a seminar in April 1993 for representatives of environment ministries and departments, representatives of central
banks and statistical agencies, and other public officials from the Americas to gather in Washington and interchange ideas and experience
with representatives of the Organization of American States, the United Nations, the World Bank, and nonprofit organizations.
Carrie Meyer managed a program in technical assistance for natural resource accounting at WRI's Center for International Development
and Environment in addition to her research role in the Economics and Population Program at WRI. After spending two years leave of
absence at WRI, she has returned to the Economics Department at George Mason University.
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1. For more on the inadequacies of national income
accounts as a reflection of sustainable income, see Solow
(1992), Eisner (1988), Repetto et al. (1989), and Pearce et al.
(1989).
2. The United Nations, for example, in the new System
of Integrated Environmental and Economic Accounts
(SEEA) focuses on the sustainability of natural capital. (See
Section 2.)
3. Market prices may be misleading, however;
governments often intervene in prices so that observed
prices reflect subsidized resources. Even when the market
IS allowed to find its own price, the depletion of forest
resources, for example, may cause many other problems
downstream such as soil erosion or flooding that will not be
reflected in the market price of timber.
4. Other methods include estimates based on differences in
property values for a variety of environmental and other
characteristics, estimates based on wage differentials
between jobs in different environmental conditions, and the
travel cost approach-estimates based on what people will
pay to visit a particular environmental resource.
5. In Cruz and Repetto (1992) natural resource accounts for
timber, fisheries, and soils are used to complement an
assessment of macroeconomic changes in the Philippines
economy under structural adjustment. IncorporatIon of this
information into the general equilibrium model in the
appendix of their report, however, would require
environmental adjustments of all the small categories of
industries and consumer goods used in most
macroeconomic models.
6. Russell Misheloff, personal communication, June 1993.
7. GNI represents income by a country's residents. GDP
represents production which is carried out by residents
WIthin the borders of the country.
8. It is quite legitimate to draw on natural assets to finance
econOmIC growth. The revenues so derived can finance
investments in education and infrastructure, for example.
The accounting system should recognize, however, that one
kind of asset is being exchanged for another which might
yield a higher return.

9. The 1993 SNA includes all unproduced natural assets
that generate economic benefits to their owners.

10. Economists such as Nordhaus and Tobin (1972) have
proposed modifications to the national accounts to arrive at
a better measure of "economic welfare." Eisner (1988)
surveys these and other proposed modifications.

11. The steps of this process of revision are presented in
more detaifin Lutz and El Serafy (1989).
12. Although not so clearly delineated as in the current
revision, natural assets were already included in the balance
sheets of the 1968 SNA. See Harrison (1993) for an
explanation of the differences between what was already
included under the 1968 version and the new changes. See
Lutz (1993b) for a convenient review of the new changes.

13. See Repetto, et al. (1989) and TSC/WRI (1991) for the
complete studies with step by step descriptions of the
methodologies applied. WRI also developed resource
accounts at a more general level for the Philippines (see
Cruz and Repetto 1992); and has been working with groups
in China, El Salvador, and Colombia to develop natural
resource accounts.

14. A more complete description of the methodology can be
found in Magrath and Arens (1989) as well as in Repetto, et
al. (1989).

18

NOTES
15. Soils in a particular location, for example, can produce
higher valuedcrops due to climatic conditIons. Tne
replacement cost method does not take this into account.

16. For the other resources, the changes in the stock were
calculated and then valued. In this case, the value of the
asset was calculated directly and then the changes in the
asset value were calculated.
17. Oilfield assets can be valued according to other
methods such as the present value method or as suggested
by EI Serafy, the user cost method. (See Box 1.)

18. Those who worked on the study included: Jan van
Tongeren, Chief of the National Accounts and
Classifications Branch in the UNSO; Ernst Lutz, Senior
Economist in the Environmental Policy and Research
Division of the World Bank; Stefan Schweinfest, Statistician
at UNSTAT; Maria Gomez Luna, Director of the National
Accounts and Economic Statistics Department of the
Instituto Nacional de Estadistica, Geografica y Informatica
(INEGI) in Mexico; Francisco Guillen Martin, Sub-Director
of the National Accounts and Economic Statistics
Department of INEG!.
19. This is similar in principle to the additional loss due to
loss in management value of the forest that WRI and TSC
calculated for the Costa Rica case study.
20. Much cruder estimates of the physical amount of soil
erosion were made in the case study for Mexico than in the
WRI study which used the USLE.
21. Peter Bartelmus is Officer-in-Charge of the Environment
and Energy Statistics Branch in the UNSO. Ernst Lutz is
Senior Economist in the Environmental Policy and Research
Division of the World Bank. Stefan Schweinfest is
Statistician at UNSTAT. Although Papua New Guineans
provided input, researchers were not cooperating with a
specific government institution.
22. There are also known reserves of oil and gas, but the
projects were not producing when this study was published.
23. These approaches are surveyed in more detail in Peskin
and Lutz (1990). See Lutz (1993b) for a useful synopsis.

24. These accounts followed the model of Tobin and
Nordhaus (1972). They were updated unofficially in 1985
by Professor Kimio Uno of the University of Tsukuba
(Peskin and Lutz 1990).

25. For information on the Canadian and Dutch systems,
see Hamilton (1989) and Hueting (1989).
26. Henry Peskin has provided technical assistance in both
of these countries. In the UNEP Workshop on
Environmental and Natural Resource Accounting, in
February 1992, Mr. Suparmoko (Team Leader of Natural
Resources and Environmental Accounting Study) explained
that confusion about which approach to follow (i.e. that of
WRI, Peskin, or the United Wations) had slowed the
progress of their work.

27. FESA Eco-Activo 20-30.
28. See Tiwari (1993) for an application of environmental
accounting in Nepal.
29. Aerial photographs may also be available and can often
provide more exact Information. Relative costs will have to
be considered.

30. An evaluation of the amount of transnational pollution
and global damage would also provide important
information for decision-makers, but may require more
sophisticated analysis.
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