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NATURAL RESOURCES ACCOUNTING FOR 
SUSTAINABLE DEVELOPMENT

Sajjad Zohir*

The practical task of identifying appropriate resources and valuing them are 
often quite tedious. This paper reviews current approaches to natural resources 
accounting and draws upon studies in five countries of the region to discuss 
selected issues on accounting forest resources, agricultural land and agricultural 
residues. The relevance of an impact account is also probed. It is argued that 
natural resources accounting, as framed in terms of physical, value and 
non-environmental impact accounts, serves limited purpose for reassessing 
economic growth. It is recommended that studies on physical accounts 
interlinkages between resources and environmental variables be given priority 
for meaningful inputs to policy-making.

Social concern with sustainability of the environment we live in is widely 
acknowledged. Along with it, our perception about development has been persistently 
undergoing changes. Economic growth measured by the conventional definition of 
income is now considered a deficient measure of social development. It is also recognized 
that singular pursuit of traditional economic growth may conflict with sustenance of the 
resource base and environmental situation which, in the long run, may render economic 
growth itself to be unsustainable. However, incorporating these concerns in economic 
policy making is yet to be fully realized. One area where these are being addressed is 
our national accounting system. The standard system of national accounts (SNA) regularly 
does stock-taking of the macroeconomic aggregates and, thereby, provides information 
on changes in these aggregates to suggest if the economy is better or worse off than 
before. The information embodied in the SNA is also an important ingredient to economic 
policy making. With increasing recognition of the resource and environmental situations 
as important elements in defining social development, there are now efforts to include 
these variables in the SNA.

Our efforts to understand and change the world centre around the development 
of human beings and economists perceive the latter in terms of some notion of welfare. 
The conventional measure of income in the SNA presumes a particular welfare concept 
that is confined within the material well-being of the current generation, and even that 
over a short span of time. It is quite natural that redefining welfare calls for revisions in
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our measure of “income”. But the foremost requirement for meaningful revisions in the 
SNA is to clearly identify the new notion of welfare. The current literature often refers 
to the emerging vision of human welfare in terms of “sustainable development”. The 
Brundtland Commission report of 1987 calls for development that “meets the needs of 
the present generation without compromising the ability of the future generations to 
meet their own needs” (WCED, 1987). The views on sustainability however differ 
across disciplines, particularly between economists, ecologists and sociologists.1

1 Serageldin and Steer (1994) list social objectives of empowerment, participation, social mobility, cultural 
identity and institutional development; economic objectives of growth, equity and efficiency; and ecological 
objectives of ecosystem integrity, carrying capacity, biodiversity and global issues; all being objectives of 
environmentally sustainable development.

2 Dissemination Notes, Number 7, ESD, World Bank, May 1994.

The current perspective of economists on sustainable development may be 
traced back to Hicks’s concept of income: true income is that income in excess of asset 
consumption (Hicks, 1946). Thus, the domain of assets is broadened to include natural 
resources and quality of environment. Since the depreciation of resources during the 
current period deprives future generations of potential consumption, the economists’ 
concern with sustainability invariably leads to the discussion on inter-generational equity. 
While more transparency and consensus in the definition is yet to be reached, efforts 
have been made to enlarge our information set through accounting for changes in the 
stock of natural resources and in environmental quality.

Much of the current revisions in the SNA centre around the concept of capital. 
There is increasing recognition that capital and its depreciation within the SNA should 
not remain confined to man-made capital only. Three other types of capital being 
addressed in the literature are human capital, natural capital and social capital. That 
much of the conventionally measured growth in net domestic product (NDP) originates 
from the depletion of “natural capital” is now well recognized. And, adjusting NDP for 
such depreciation is an important concern in current exercises in natural resources 
accounting. A second concern is with environmental accounting where the analytical 
framework is still at a fluid stage. Much of the focus in the latter relates to externalities 
of economic activities. Such externalities are no longer viewed within economic activities, 
but include those relating economy, environment and society.

The work on SNA revisions got an impetus from Agenda 21, the major policy 
document of the Rio Earth Summit in 1992. There, 178 nations committed themselves 
to “expand existing systems of national accounts in order to integrate environmental and 
social dimensions in the accounting framework, including at least satellite systems of 
natural resources in all member states”2. A general guideline for preparing the satellite 
account is also now available in the United Nations Statistical Office handbook Integrated 
Environmental and Economic Accounting. By now, studies have been conducted in 
various countries and a general consensus has emerged on making environmental adjustments 
to national accounts at three levels; physical accounts, monetary valuation and non-
monetary impacts. The exercises also have arrived at two common sets of “environmentally
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adjusted net domestic product”: the first deducts estimates of net resource depletion 
from conventional net domestic product, and the second further deducts estimates of the 
monetary value of environmental degradation.

The practical tasks of carrying out the above exercises may be quite tedious; 
especially in the part on valuation. In order to facilitate access to the experiences in the 
Asian and Pacific region on policies, methods and procedures to integrate environmental 
consideration into the development process, ESCAP, in cooperation with UNEP, has 
undertaken case studies in five countries of the region. The countries include Bangladesh, 
Indonesia, Myanmar, Pakistan and the Philippines. In spite of their differences in focus 
and approach, these studies provide interesting insights into the accounting process and 
raise questions that any beginner in resource and environment accounting is likely to 
confront. Presenting these with plausible solutions to different methodological questions 
is the main objective of the present paper.

The following section reviews the literature pertaining to natural resources 
accounting to focus on the general methodology. Selected issues in natural resources 
accounting are reviewed in section II. The concluding section attempts to put the 
various aspects within a common perspective and outlines the tasks ahead.

I. NATURAL RESOURCES ACCOUNTING: 
REVIEW OF CURRENT APPROACHES

National accounts provide indicators for assessing economic performance over 
time and in comparison to other economies. One also gets a limited notion of changes 
in economic welfare through such variables as per capita real income and consumption. 
More importantly, SNA provides a structured set of information that highlights the 
macroeconomic characteristics of an economy, thereby enabling informed policy making. 
Given such uses of national accounts, revisions in the light of environmental considerations 
are expected to assess the performance of economies within a broader concern for 
sustainable development and provide policy makers with relevant information on economy-
ecology relations to make judicious policies. The motivation for proposing new treatments 
of environment and natural resources within the national accounts arises because of the 
following problems with the SNA: (a) the accounts measure the products of economic 
activities but not the by-products; (b) some environmental protection expenditures are 
measured as final output; (c) depreciation of environmental assets and natural resources 
are not measured; (d) environmental assets and natural resources are not valued in the 
estimation of national wealth; (e) environmental liabilities are not measured. There are, 
however, enormous difficulties in bringing about such revisions, the important ones 
being the non-tradeability3 of various resources making valuation difficult and problems 
in resource allocations across generations that imply trade-offs contrary to any notion of 
unique accounting procedure.

3 Non-tradeability may also be viewed as the absence of the conditions for tradeability.
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The system of integrated environmental and economic accounting (SEEA) 
developed by the United Nations Statistical Office incorporates a set of asset balance 
identities in addition to the existing three basic national identities for supply-use, value- 
added and domestic product4. This new set of identities explains the difference between 
the opening and closing stocks of assets by flows during the accounting period. Three 
categories of assets are distinguished: produced assets, non-produced economic assets 
and other non-produced “environmental” assets. Produced assets include man-made 
capital, that are already included in the SNA, as well as works of art, historical monuments 
and the like which had previously not been recognized. The non-produced (tangible) 
assets are grouped into four broad categories: land (land with ecosystem and soil), 
subsoil assets, non-cultivated biological resources and water resources. Other environment 
related concerns such as environmental protection expenditures, depletion and degradation 
are addressed by the disaggregation of SNA transactions and classifications without 
modifying the basic accounting structure. Thus, for example, environmental protection 
services are identified within the intermediate consumption of industries, final consumption 
by government and households, and investment. Depreciation of assets used in 
environmental protection is also recorded separately from the consumption of fixed 
capita] of other assets.

Net domestic product and its changes, an important SNA statistic, is considered 
to be a measure of economic development and is defined as:

where NDP = net domestic product, C = final consumption, X = exports, M = imports, 
and / = net capital formation in such produced assets as buildings, roads, machinery, 
and stocks of commodities.

An environmentally adjusted net domestic product (EDP) would include net 
accumulation in both produced and non-produced economic and environmental assets. 
Thus, one may define EDP as,

where A p,ec = net capital accumulation in produced assets, Anp, ec = net capital accumulation 
in non-produced assets, A env = depletion and degradation in environmental assets.

If the value of some produced economic assets, for example, works of art, 
that are currently not accounted for in SNA, are ignored, the relation between EDP and 
conventional net domestic product may be expressed as follows;

The above is considered in the literature as EDP2 while the other limited concept of 
environmentally adjusted net domestic product, EDP1, adjusts NDP by net changes in 
resource value only (that is, NDP minus resource depletion).

4 Much of the discussion to follow in this section is elaborated at length in Bartelmus, Lutz and Tongeren 
(1994).
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Integrated accounting introduces three categories of monetary valuation of 
natural assets, the changes therein and their effects on human welfare. The market 
valuation approach rearranges environmental changes already contained in the asset 
account of the conventional SNA. A second version uses a maintenance valuation 
which estimates the costs that would have been required to keep the natural environment 
intact during the accounting period. The third version of the SEEA combines market 
valuation with a contingent valuation approach to assess the environmental costs borne 
by industries with those borne by households. The market value approach applies to 
those natural assets that are connected with actual or potential market transactions since 
the economic categories “price” and “market” are non-separable. Those natural assets 
that are connected with actual or potential market transactions may be valued by actual 
or imputed market prices. The literature identifies a number of methods of market 
valuation of natural resources as briefly discussed below.

Present value method

If the future path of exploitation of any particular resource, along with the 
expected net return per unit, is known, it is possible to estimate the present value of the 
resource based on a discount rate. If r is the discount rate (normally taken to be at 
nominal or real interest rate), Nt is the total unit value of the resource less the costs of 
extraction, development and exploration, and Qt is the quantity exploited in period t, the 
present value Vo may be defined as;

The estimation of present value requires information on future returns and costs of 
natural resource exploitation and the choice of a discount rate which is usually controversial. 
Furthermore, the choice of Qt’s cannot be made independently of Nt and r. Economists 
would prefer to choose Qt to maximize the discounted present value.

Net price method

The net-price method that is more widely used in NRA values the stock of 
any resource, Vt, as the product of the quantity of the natural resource stock, Rt, and the 
net price. The net price is defined as the actual market price of the resource, Pt, minus 
its marginal exploitation costs including a “normal” rate of return on the invested produced 
capital, ct Thus,

The net-price method is based on the Hotelling rent assumption which claims that, in a 
perfectly competitive market, the price of a natural resource rises at the rate of interest 
of alternative investment, offsetting the discount rate. Bartelmus, Lutz and Tongeren 
(1994) rightly argue that the Hotelling rent overstates natural resource depreciation and
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5 In some cases, exhaustible resources are treated as renewable because of exploration and discoveries. 
This approach estimates incremental annual unit costs of adding reserves to the reserve base which is 
considered as the replacement (unit) value of existing stock.
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the problem is aggravated if average costs are used instead of marginal costs since the 
latter is likely to exceed the former.

Replacement-cost estimates

This method is more applicable for resources that are renewable. Any depletion 
of the resource is measured in terms of the cost (based on market prices) to replenish 
it.5

User-cost allowance

This alternative approach for valuing the depletion of renewable resources is 
proposed by Serafy (1989). If R is the annual net revenues from the sales of the 
resource, assumed to be constant over its lifetime of, say, n years, a “true income” 
element X can be calculated such that (R - X) represents a “capital” element whose 
accumulated investment at an interest rate r during the n years would create a permanent 
stream of income of X per annum. Thus, we can write

and the user cost is defined as,

It is possible to show that the user-cost method is a special case of defining depreciation 
as the change in the discounted value of a resource, assuming that the yearly net returns 
are the same for the remaining life of the resource. As in the case of the present-value 
method, this method also faces the problem of the choice of an appropriate discount 
rate. Moreover, this method implicitly assumes perfect substitutability between different 
types of capital, at least between man-made capital and natural capital, which may 
hardly be justified.

Bartelmus, Lutz and Tongeren (1994) note that different concepts, definitions, 
data sources and estimates have to be used for measuring physical quantities and changes 
therein, and for applying monetary values to these quantities. This is also true for 
deriving the impact account of changes in the stock of natural resources. An example of 
the various steps involved in working out the physical and monetary accounts for a 
number of natural resources are summarized in table 1.
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II. SELECTED ISSUES IN NATURAL RESOURCES ACCOUNTING

Of the five country studies referred to earlier, three focus on the depletion/ 
alternative use of forest land. Since numerous exercises on NRA have dealt with forest 
resources, the problems commonly confronted need to be shared. Valuing resources 
embodied in agricultural land is more tricky. The Pakistan study attempts to value land 
degradation in the form of increases in waterlogging and salinity, provide some partial 
insights into the problems. Given the current interest in renewable energy sources, we 
address the problems in valuing agricultural wastes, drawing upon the study on Bangladesh. 
In dealing with individual resources, an impact account is often necessary in order to 
account for the effects of depletion (or accumulation) of this resource on resources in 
other sectors. Such inclusions are more commonly observed in the case of forest 
resource accounting. The relation between deforestation and soil erosion, and forestry-
fishery linkage are important examples that are cited in both the Philippines and Myanmar 
studies. While the former attempts valuation through the erosion-sediments-coral 
reef-fish biomass relation, the Myanmar study searches for statistical methods that may 
be meaningfully applied to cross-section and/or time series data. We discuss the problems 
in designing an appropriate impact account and review the relevance of such an account 
in II.4; while other methodological issues of a general conceptual nature are discussed 
in Section III.

Accounting forest resources

Forest is a biotic resource and, hence, is conditionally renewable. It has wide 
variety of outputs; and even if NRA engages in valuing only the marketable (or, potentially 
marketable) ones, output mixes and their intensities may vary widely across various 
types of forests. Thus, for accounting simplicity, it is necessary to make appropriate 
classifications of forests prior to engaging in any NRA exercise. The Philippines study 
(Balangue, 1994) classified forests as follows: old growth forest, residual growth forest, 
plantation and mangroves. Repetto’s work on Indonesia (Repetto and others, 1989) 
included, closed virgin forest, closed logged forest, unproductive forest for physical or 
statutory reasons, and open forest. A third example is the World Bank study on Pakistan 
(World Bank, 1995) which classifies forest land into three: moist deciduous, dry deciduous, 
and hill and montane. While data availability is likely to dictate the classification in 
most cases, efforts may be made in future to ensure that the accounting concern is given 
due cognizance by appropriate agencies (for example, the forest department) while 
generating data.

It is the norm to consider area as the base for forest resource accounting. 
Thus, total quantity, Q of the j-th output (j=1,...,J) in i-th forest may be expressed as;

where, A. is the area under the i-th type of forest, and the are yields, that is, the 
amount of the j-th output per unit of area under i-th type of forest. Given our information
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on area under different types of forests in a given year, quantities of different types of 
outputs may be estimated if we have prior information on all a.’s. One may note that 
the linearity assumed in the above formulation may not be appropriate and we discuss 
this later.6

The main objective of the physical account is to arrive at the output account 
which is generally termed the “volume” account. For accounting reasons, the starting 
point is an area account. For a given accounting year, the physical account in volume 
terms starts with an opening stock. Two types of transactions are included: (a) additions 
in the form of natural stand growth, and (b) reductions in the form of harvests, wastes, 
stand mortality, and forest conversion/deforestation. Man-made growth, as in reforestation 
and plantation development, may be treated as one classification of forests for which 
separate accounts could be developed. To trapslate area accounts into volume accounts 
one needs information on yields as well as on growth. Determining volume for the base 
year is a straightforward task of multiplying yield by area. For example, timber volume 
would be obtained by multiplying stock density with area. For subsequent years much 
of the data may need to be constructed. Timber accounting, done under the Natural 
Resources Accounting Project (NRAP) study in Philippines, is described in table 2.

Table 2. Derivation of dipterocarp forest resource volume account

Item Old growth Second growth

Opening volume ov sv
Additions Initial growing volume = Area logged 

(ha) in previous year x average residual 
density (cu m/ha).

Net stand growth = [(opening volume + closing volume)/2] x annual growth rate

Reductions Volume of logged area = area logged in current year (ha) x mean timber 
density (cu m/ha)

Volume of area converted to other uses = area converted (ha) x mean timber 
density (cu m/ha)

Volume loss due to nature (say, fire) - area degraded/damaged by nature 
(ha) x mean timber density (cu m/ha)

Net change Net change in volume = additions - reductions

Closing volume Computed closing volume = opening volume - net change in volume.

Source: Adapted from The Philippine natural resources accounting project - Phase 1, main report,
International Resources Group, Ltd., mimeographed, 1992.

Note: If stand growth is estimated based on mean stock over a year, it requires information on end
volume. Therefore, several iterations may be involved. One may simplify by applying the 
growth rate on opening stock.

6 Note that the aji are independent of the Qj’s, which are generally not true in the case of different outputs 
obtainable from forest resources.
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Conventionally, an exercise of the type described above is applied on marketed 
products such as timber, rattan, rubber, etc. The fact that total harvests are included as 
reductions may appear to be erroneous since forest do produce positive yield without 
necessarily affecting the sustenance of the stock. This aspect is taken care of by 
inclusion of the stand growth and the consideration of forest conversion beyond optimal 
harvest.

The valuation of output in order to translate volume account into the value or 
monetary account (termed the economic account in the Philippines study) requires a 
number of heuristic assumptions and there are more than one approach one may adopt 
to obtain the unit price. The more widely practiced approach is the net price method.7 
Net price is computed as the difference between unit price of the extractive resource 
product (on-site) less the marginal cost of production and a normal return to capital 
(or the profit and risk margin). Since forest resources are rarely administered so as to 
recover a large fraction of embodied rent, the on-site price of the extractive resource 
product often needs to be calculated by deducting transportation cost from market prices.8 
For timber resources, the use of net prices, where a normal return to the investment is 
also deducted as costs, yields stumpage values.

Inclusion of prices introduces a new element, “revaluation”, in the value 
account. Since prices of forest products vary and such variations are not necessarily in 
one-to-one correspondence with the general price (indices) movement, opening and 
closing stocks in value accounts need to be balanced by this element. Normally, opening 
stocks are valued at the previous year prices, while all other elements including the 
closing stock are valued at current year prices. Thus, depending on the direction of 
price change, revaluation may be negative or positive.

Resource accounting for agricultural land

The valuation of agricultural land resources is a difficult task in a situation of 
changing technology since the latter affects land productivity, and, thereby, the value of 
land. The Pakistan study (Kemal, Bilquess and Mahmood, 1995), in spite of its innovative 
ideas on methodology, points to some fundamental problems in this regard. The study 
adopts the productivity approach, with some elements borrowed from the replacement- 
cost approach, in order to value the resource depletion/depreciation due to “inappropriate” 
irrigation technology. The elements of replacement cost approach underlie the perception 
that canal irrigation has caused the problem of waterlogging and salinity, and that the 
Salinity Control and Reclamation Project (SCARP) reduced such problems. Farm level

7 An alternative would be to use the user cost approach which applies directly to area without working 
through the volume account. User cost represents forgone future income and there are two methods to 
approximate the user cost: The first is the replacement cost while the second applies net price on sustainable 
yield. See the World Bank study on Pakistan and on India.

$ Then again, domestic markets may not be competitive and therefore the prices may not reflect true value 
of the resources. Repetto and others (1989) consider f.o.b. export prices of Indonesian timber. The same 
would possibly hold for Myanmar.
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data on input use and output by crop and livestock activities were used to estimate net 
returns from farming activities while and project level time series data on other important 
variables enabled estimation of net benefits by years from 1965-1966 to 1993-1994. 
The highest adjusted net benefit in the time series occurred during 1977-1978 and used 
as the lower bound of the benchmark on potential resource value. That is, environmental 
cost due to waterlogging and salinity, on account of productivity loss, was considered to 
be zero for this year and the difference between any annual benefit and the benchmark 
figure was considered as the value of resource degradation during that year. The loss 
due to reduction was separately accounted for in a similar way.

The measure of resource depletion as a result of waterlogging and salinity 
presumes that the initial resource base was irrigated land without salinity. Historically, 
however, this was not the case. On the contrary, productivity in once dry land had 
increased immensely when they were brought under irrigation. What went unnoticed in 
the initial years was the raising of water tables with subsequent increases in salinity in 
top soil that led to lower or zero productivity. In the context of NRA, therefore, the 
study findings suggest that the earlier estimates of NDP had to be discounted by the 
associated resource depletion in the form of waterlogging and salinity. Such an approach 
is, however, more relevant for project level analyses.

Issues such as salinity and waterlogging are commonly treated under the 
heading of soil degradation. The study by the World Bank (1995) on Pakistan provides 
estimates of costs associated with soil degradation by adapting a more general methodology. 
The analysis uses data on yields of five major crops under twelve categories of land 
degradation9 for each of the four provinces. Each type of degraded land was pro-rated 
across the cropping pattern for each province and the corresponding yield reduction 
factor was applied to the product of the eroded area of that province and the average 
crop yields. This provided estimates, by province and by crop, on the amount of 
production foregone due to underlying degradation. The five crops accounted for 
three-fourths of the total value of crop production in the country and, therefore, the 
estimate was adjusted by a multiple of 4/3 to obtain the national level estimate. The 
study found agricultural productivity loss due to land degradation in Pakistan was around 
6.8 per cent of annual production.

What is of importance is that the World Bank study attempts to assess the 
costs associated with various types of soil degradation rather than to value agricultural 
land resource for inclusion in the SNA. It creates more difficulties to identify agricultural 
land as a homogeneous resource and value it in terms of land productivity. Ideally, 
resources ought to be defined in terms of the soil characteristics (such as nutrient 
content and salinity) and such sub-surface characteristics as water table. These may 
only be measured in physical terms, and changes in them, due to the adoption of 
alternative technologies (including types of crops produced), are worth probing. More

9 Four broad types of soil degradation are considered: water/wind erosion of soil, salinity and sodicity, 
waterlogging, and nutrient loss. Under each category, distinctions are made between light, moderate and 
severe conditions.
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importantly, the implications of these changes on future land productivity ought to be 
accounted for when assessing project viability. While the replacement cost approach 
may be adopted to value these resources, it calls for a priori knowledge of an “optimal” 
mix of the various elements. If such an exercise is carried out, one ought to account for 
the fact that some of the changes in the resource base occur due to natural process such 
as rain, wind and variation in discharge of water from upstream.

Valuation of agricultural residues

With disappearing forests and the subsequent decline in fuelwood supply, 
there has been an increase in the use of all kinds of agricultural residues to meet the 
demand for cooking energy in rural areas of many developing countries. Thus, for 
example, use of rice plant stubble and cowdung as fuel in Bangladesh has deprived the 
soil from natural replenishment. Moreover, inappropriate techniques of fuel conversion 
often create environmental pollution that adversely affect human health and productivity. 
The Bangladesh study (MARC, 1995) attempts to value the environmental costs of 
excessive and/or inefficient biomass use within the context of a single village economy.

When there are difficulties in measuring land resources for the purpose of 
NRA, one would expect greater difficulty in placing the valuation of agricultural residues 
within a proper perspective. The problem originates more from the concept of primary 
resource, what the literature identifies as natural capital. In this context, land or the 
various characteristics of the soil are the primary resources and the various plants are 
products from such resources. Any subsequent processing of these products do not 
formally fall within the scope of NRA.10 One may, however, make a case for looking 
into the use pattern of agricultural residues in order to estimate the amount of nutrients 
returning to the soil. Such an exercise would only be part of the overall exercise of 
accounting agricultural land resources. In spite of these limitations, the Bangladesh 
study provides interesting insights into the methodology of valuing agricultural residues 
and rural wastes. This section discusses two often encountered problems in such exercises.

Agricultural residues, such as grass, twigs, and cowdung, are mostly non-
marketed items. Thus, finding the imputed price is a task. Even when some of the 
residues are marketed, their resource value net of extraction cost is occasionally ignored 
if one considers the unadjusted market price. The Bangladesh study considers either 
market prices or imputed prices. As noted previously, these are not equivalent to net 
prices of the resources since their extraction/collection costs have not been deducted.11 
Interestingly enough, the prices of many of these items essentially reflect the cost of 
labour to collect and market them so that the net price would be zero or close to zero.

10 Their valuation may however be relevant for the purpose of inclusion in the calculation of gross domestic 
product, similar to the case of many household based production.

11 It is, therefore, not surprising that the Bangladesh study comes up with estimates suggesting that more 
than half of rural biomass (in value) originates from grass and twigs. This may be quite acceptable from the 
perspective of consumer demand but not so when biomass contents in various sources are considered.
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Thus, with accounts generated on the basis of market prices, one may argue for unaccounted 
labour activities (in the SNA) but not the value of natural resources.

The second remark relates to adverse health effects and the subsequent costs 
incurred by the ones affected. The general method of valuing adverse health effects of 
an event is as follows:

(incidence of sickness attributable to the event) x (cost of treatment)
+ (number of days lost) x (daily earning

opportunity)

In assessing lost wages, the Bangladesh study as well as many others (such as the World 
Bank study on Pakistan), consider the prevailing market wage rates. Such practice 
assumes that the economy has the potential to absorb unlimited labour at a constant 
marginal product. This is a strong assumption in countries where underemployment and 
unemployment is widespread. It is more likely that the sum of individual costs add up 
to much more than what the society/economy loses as a result of health related forgone 
employment. Similar to the case of valuing family labour, one could choose a factor 
less than unity to adjust prevailing market wage rates in order to arrive at costs due to 
sickness.

Relevance of an impact account

In reviewing the literature in Section II, we had noted that NRAs include a 
non-monetary (environmental) impact account beside the physical and monetary accounts. 
When several resources are simultaneously addressed, the valuation of impacts on other 
resources does not generally arise. Resource valuations involve stocks at the beginning 
and end of a given period, and net changes during the period. Conceptually, impacts of 
net changes are at issue when one attempts to construct an impact account that essentially 
values externalities. Thus, any attempt to put values on impacts would be devoid of 
stock valuation and the magnitude of impacts cannot be cross-checked with any base 
resources. In two circumstances, the need to assess impacts arise in environmental and 
resource accounting. First, for micro-level environmental impact assessment, one needs 
to value the externalities/impacts for the purpose of project analyses. At the national 
level, the purpose of an impact account within NRA may also be justified with a view to 
disaggregate sub-sectors that are relevant for environmental analyses and generate systematic 
data, within an input-output structure, for macroeconomic planning models. To go 
beyond these objectives and value impacts only partially to adjust net domestic product 
does appear to be ambitious. Noting these comments on the Philippine and Myanmar 
exercises, we present some of the difficulties in valuing impacts of deforestation.

The Philippines study (Balangue, 1994) attempted to assess the potential areas 
of impacts as a result of forest depletion. The study identified the following areas: soil 
erosion, nutrient (NPK) loss, farm productivity, fish catch, biodiversity and carbon 
dioxide (CO2) emission. Only the first four impact elements were valued and included 
in an impact account. Estimates on volume of soil erosion were based on erosion rates
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estimated in other studies. Estimates on nutrient loss (NPK) was estimated based on 
prior distribution of N, P and K in different types of land. Market prices of fertilizer 
were used to estimate the value of NPK loss. The proportion of agricultural land 
affected by soil erosion was considered and, based on the percentage loss in the value of 
production in the affected land, loss in farm productivity due to soil erosion was estimated. 
The Philippines study used estimates on sediment delivery ratio, relations between sediments 
and coral cover, and between coral cover and fish biomass, to quantify the loss in fish 
production due to soil erosion.

In doing the above exercise, the Philippines study used an estimate of the 
total volume of soil erosion, much of which occurs independently of any logging activity. 
One, therefore, needs to identify the extent of erosion that is attributable to logging 
only. One obvious way is to control for slope and take the difference in soil erosion 
between that on recently logged forest and that on undisturbed forest. The estimate thus 
obtained may still be biased upward since sustainability, defined purely in terms of 
forest resources, allows for some positive logging which would be associated with net 
soil erosion (that is, over and above the usual soil erosion). If sustainable yield is not 
defined otherwise, one would have to discount for this in order to arrive at soil erosion 
caused by deforestation.

The Philippines exercise, which values NPK as well as loss in farm productivity, 
does raise a number of questions on assessing resource loss. First of all, resources in 
the form of soil nutrients are reflected in the yield of tree products. Thus, an additional 
valuation of NPK is unwarranted if one accounts for the present value of all future 
returns forgone due to deforestation. A second aspect to take note of is the differential 
impact of soil erosion on upland and downstream areas. In some instances, loss in 
productivity in upland areas may partly be compensated by emergence of new productive 
land downstream. Finally, the estimate of 30 per cent loss in crop production in the 
Philippines study is based on the assumption that crops on the same percentage of 
agricultural land are completely damaged in years of heavy rainfall and soil deposition. 
This approach could be partially acceptable if such damages occur every year. Otherwise, 
one would need to identify the cycle of such occurence and obtain an annual average of 
the damage. A more subtle aspect to account for is the potential benefit/damage caused 
by soil deposits to future productivity. For example, floods in deltas may have immediate 
adverse effect on crop production, but are perceived to replenish soil nutrients. Thus, 
the possible effects of soil deposits on soil productivity in the long term need to be 
taken into account.

The linkage between sediments carried over to the bays and fish stock is not 
universal even though loss in coral reef and subsequent loss in fish biomass is generally 
observed. For other topographies, for example, in mangroves in the deltas, one would 
need to work out the relations and empirical data for these are lacking. The Myanmar 
study (NCEA, 1995) primarily centred around the linkage between mangrove depletion 
and fishery loss. Unfortunately, the published aggregate level data permit only limited 
investigation of the relations. Responses of fishermen, as reported in the study, do not 
provide enough information to make reliable quantitative estimate of the relation between
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mangrove depletion and fishery loss. There are several reasons for this. There may not 
be a positive relation between fish catch and stock of fish; on the contrary, it may often 
be negative. The changes in fishing technology, especially with increased adoption of 
mechanized fishing, the relation is further obscured. Moreover, the number of agents 
engaged in fishing may change so that individual responses on change in fish catch over 
time do not provide any reliable estimate on the change in total catch and the plausible 
causes of any change remain unexplored. Ideally, one needs to have data on fish stock 
generated from long term monitoring to make reliable estimates. In the absence of such 
data, one could make use of panel data on fish catch and the extent of mangrove 
coverage and control for changes in technology. Thus, for example, a regression equation 
could be estimated where the dependent variable is the annual fish catch in a location, 
and the explanatory variables would include, say, the number of trees per hectare of 
mangrove (or area under mangroves as a percentage of the total area in the selected 
location) and percentage of catch obtained through mechanized fishing technology.

It is opined that attempts to incorporate in NRA, an impact account that 
attempts to value changes in other resources due to change in one resource may be too 
ambitious. Such an account, with all its entities, is not necessary when all resources are 
accounted simultaneously. Note also that such an account is not the same as the 
non-monetary impact account that the literature discusses. The need for identifying 
potential impact areas and efforts to estimate the impact parameters are however very 
important for policy making. It is, therefore, desirable to develop “inter-resources” 
impact accounts with a view to “concretize” the disaggregation of sectors and to provide 
estimates on sectoral linkages that may go as inputs to macro-modelling exercises.

III. CONCLUSION AND RECOMMENDATIONS FOR FUTURE WORK

Natural resources accounting: rethinking the rationale

Natural resources accounting is not considered a goal in itself but rather a 
way of providing systematized data for analytical purposes. The latter enables meaningful 
policy making. While this is generally recognized, much of the earlier work on NRA 
appears to be centred more around generating some figure on environmentally adjusted 
domestic product. We had noted how this had been a key statistic that many empirical 
studies attempted to estimate. Such figures clearly serve two purposes. They help in 
promoting awareness about our environment and how our actions may jeopardize the 
existence of our future generations. More importantly, they enable ex post assessment 
about “sustainable” economic growth by accounting for depletion/degradation of natural 
resources. These statistics, however, do not provide much guidance to policy making. 
The case studies in the five countries, referred to in this paper, suggest two important 
elements in this regard. First, estimates on resource value may vary widely depending 
on what are included in the valuation exercise and how these are valued. Second, 
various resources in the economy are very much interlinked so that partial valuation of
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individual resources may not be very meaningful. In the light of these, the purpose and, 
thereby, scope of natural resources accounting deserve rethinking.

Without undermining the importance of current trends in NRA exercises that 
attempt to put an aggregate value to one or more resources, two suggestions may be 
made. First, for countries in the region that have initiated NRA exercise only recently, 
primary efforts need to be put in to compiling physical data and, other than at project 
levels, valuation exercises may get only secondary importance. Along with this, future 
efforts need to be put in enhancing our understanding about the inter-relations between 
various resource bases and, where possible, attempts should be made to quantify such 
relations in physical terms. These are not new ideas. Similar conclusions were drawn 
by the Norwegians who have had the longest experience in NRA exercises at the national 
level (Alfsen, 1994). There are several reasons for focussing on physical aspects of 
natural resources. The obvious one is the need for a physical account prior to any 
valuation attempt. Furthermore, relations between physical quantities of natural resources 
and environmental variables are expected to be more stable as compared to that with the 
value of these resources. Price, whether market or imputed, is the pre requisite variable 
for valuation and even economists find it difficult to keep track of prices in a dynamic 
setting. Thus, estimated values of resources will have significant “white noise” due to 
random, or unexplained, behaviour of prices, which may often make the exercise quite 
futile.

The other suggestion is more in line with expanding and fine-tuning the 
existing input-output structure which is an important basis for policy analyses. It is 
very much in conformity with the United Nations endorsement for developing satellite 
accounts, though that the initial emphasis is on physical dimension. Such perspective 
will, at the initial stage, save excessive efforts to find the “right” prices which are then 
applied on too little, and often less reliable physical data. In this regard, it is worth 
quoting Alfsen (1994: 24-25) who notes that “linking physical resource accounts and 
environmental statistics to economy wide models provides for better and more 
comprehensive information on the value of natural resources and environmental services 
than available through more partial studies”. In the same spirit, we recommend 
“a strategy where resource and environmental issues through their physical characteristics 
are integrated into already operational economic planning tools”.

Tasks ahead

The practice of natural resources accounting is still at an early stage in most 
countries in the region. There have been substantial progress in the area in countries 
such as the Philippines and Indonesia. In others, the policy makers are yet to be 
appreciative of the need for such an exercise. Thus, compilation of even the physical 
data remains to be done in many of these countries. Such gaps in information exist even 
for forest resources where inventory, or analysis of aerial mapping, is not regularly done 
in many countries. Given that countries in the region differ significantly in terms of 
awareness, willingness, skill and practice in natural resources accounting, the future 
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tasks would not be the same for all. For the relatively advanced ones, future efforts 
need to be put in integrating NRA in national policy making exercises, linking NRA 
with environmental impact accounts and improving upon the conceptual links between 
various resources and the methods to quantify them. It is necessary to facilitate exchanges 
between practitioners in these countries with potential ones in other countries so that 
experiences may be shared. For those who have yet to pick up any serious NRA 
exercise, some such attempts at the appropriate level are called for.

Taking inventory of resources is a tedious exercise in some cases and may 
drain resources. Such exercises on an annual basis allows one to make more precise 
estimate of the environmentally adjusted domestic product. However, changes in these 
resources have rather a long term relation with environmental variables. It is therefore 
desirable to take inventory of resources with a substantial time gap, say 10 years, as in 
the case of population censuses. NRA may still be carried out on an annual basis with 
appropriate assumptions on changes in resources from the base year as one does for 
population figures. A no less important task is to identify inter-relations between various 
resources and the links between the use of primary resources with environmental variables. 
This would have to be an on-going task where sequencing of activities would be dictated 
by the priorities set by individual countries. In this regard, one may note that some of 
the physical relations may be universal which may be drawn from work done elsewhere, 
while others may be very specific to ecological zones and/or economies.

There are some practical aspects to NRA exercises. For example, at what 
levels should the exercises be carried out and who would be better as the executing 
agencies? The exercises that have been reviewed in this paper were done at the 
sub-regional or project/village levels. In countries where NRA has not been done at the 
national level, and where SNA at sub-regional levels or local level plantings are absent, 
NRA at sub-regional levels may prove to be ambitious. Given the current state of 
policy recognition of environmental issues and practices and the limited availability of 
data, it is opined that initial efforts on NRA be confined to national levels. In cases 
where externalities or sample based projection parameters are being estimated, the studies 
may focus at the micro levels.

With regards to the executing agency, the country studies suggest that often 
very well-meaning efforts bear little fruit due to the choice of the wrong executing 
agencies. In most cases of natural resources, such as gas, mineral, oil and forest, these 
are managed and monitored by respective government departments. Inventory of the 
physical stocks of these resources are normally done by the respective departments. 
Any attempt to put together the various data, identify gaps in them and generate new 
data would have to involve these departments. While the physical data may be collected 
from various departments, the task of compiling them, transforming them with other 
variables (for example, prices) and systematically presenting them as NRA are the tasks 
of one or both of two other departments such as the Central Bureau of Statistics and the 
department involved in planning exercises. There is now an additional department, that 
on environment, which is perceived by many to coordinate activities that concern 
environment and sustainability. With so many agencies, one needs to identify a lead
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agency and formulate an optimal coordination among the relevant ones in order to carry 
out the NRA exercise, sustain it over time and make effective contribution to planning. 
Since the state of NRA practice varies widely across countries, no single prescription in 
this regard may be made.

It is more likely that complete NRA exercises on a regular basis to assist 
economic planning, with a view to promote sustainable growth, will take a long time to 
be realized. Data limitation and the lack of appreciation from key policy actors appear 
to be the two main constraints. Under the circumstance, efforts in the near future may 
be more fruitful at the micro-level environmental impact assessment and in assessing 
various costs involved in the depletion of individual resources. Such efforts, in the long 
term, are expected to remove the aforementioned constraints. Independent initiatives 
may, however, be taken to advance NRA exercises at the national level, and will have to 
be a long-term programme. This may include activities such as the training of technical 
personnel affiliated with appropriate departments, and the inventories of resources to 
reduce the data gap. It is also necessary to undertake studies on (a) the valuation of 
resource depletion at national levels for awareness building; (b) the reclassification of 
sectors identified for planning purposes, and (c) the quantification of intra-resources 
relations and those between various natural resources and environmental variables.

We conclude this paper by reiterating that standard methodologies of accounting 
natural resources already exist in the literature. As they stand, in terms of physical, 
value and non-economic environmental impact accounts, NRA would help us to assess 
economic growth, discounting for resource depletion. For meaningful inputs to policy 
making, it is recommended that the physical accounts with interlinkages between resources 
and with environmental variables should get prime emphasis. The empirical methods, 
some of which we have addressed, drawing upon the case studies, would develop with 
wider practice. Unfortunately, the NRA exercise is yet to be effectively appreciated in 
many countries, the practices remain limited. The involvement of appropriate agencies 
in the process may enable sustainability of the process that promotes sustainable growth.
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