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FOREWORD

The concept of economic growth through sustainable development is
being widely accepted by countries within and outside the ESCAP region.
Among the contemporary issues receiving government attention is the
integration of environment and development in decision making. Towards
that end, Agenda 21 which was adopted at the Earth Summit in 1992
recommended the establishment of systems for intergrated enviromental
and economic accounting.

Under the guidance of the ESCAP Committee on Statistics, the
secretariat is charged with responsibility for promoting statistical capability
in the region. Accordingly, the Statistics Division developed in 1992 a
multiple-year project entitled Systems of Enviromental and Resource
Accounting, for which the Government of the Netherlands has generously
provided financial support. The project enabled five countries in the region
to undertake studies for the presentation of environmental and resource
accounts for specific resources of major concern to their countries. It also
enabled the development by consultants of guidelines for environmental
and reource accounting. The project culminated in a regional Seminar on
Enviromental and Resource Accounting, which was organized at Seoul from
27 to 31 May 1996, for which the Government of the Republic of Korea,
through its Korea Environmental Technology Research Institute, provided
supplementary financial support. The Seminar recommended that a
publication based on that meeting be produced for wide circulation.

The Seminar noted that few countries in the region had undertaken
compilation of environmental and resource accounts. It is hoped that the
publication will be useful to statisticians embarking on this type of work in
their countries. The publication will be issued in two volumes. Volume |
contains a Primer on Environmental and Resource Accounting, while volume
Il presents selected proceedings of the Seminar.

The ESCAP secretariat is grateful to the Government of the
Netherlands and the Government of the Republic of Korea for their financial
support. We wish to express our appreciation to the principal consultants,
Dr. Kirit Parikh and Dr. (Mrs.) Jyoti Parikh of the Indira Gandhi Institute of
Development Research (IGIDR), Mumbai, India for their excellent
contribution to the project. The consultants have been involved and provided
valuable guidance in various activities of the project, including advising
country experts in the preparation of country studies, the development of
the guidelines as presented in volume |, and the conduct of the Seminar.
We are grateful to the Indira Gandhi Institute of Development Research for
organizing the present publication, with funds provided by the Government
of the Netherlands.

Adrianus Mooy
Executive Secretary




PREFACE

The purpose of this guide or primer is to give a brief idea of what is
involved in environmental accounting and valuation. It is meant as an
overview for those who are interested in this subject as well as to tempt
them to try these techniques in their own countries. While valuing a
single phenemenon, such as estimation of costs of air pollution
degradation for a city, can be carried out by many researchers on their
own, an intergrated accounting exercise needs to be supported by
national statistical offices and requires team efforts and government
commitment. However, before such a commitment is made, the countries
require an overall perspective of what is involved in terms of concepts
and methodology. We hope that this primer provides such a perspective.

The guide is organised as follows : Chapter | argues why such efforts
are needed, chapter 2 introduces the basic concepts and describes
different approaches to environmental accounting and how one can
follow a step by step process leading to a system of integrated economic
and environmental accounts, especially to the one proposed by the
United Nations Statistics Division. Chapter 3 sheds light on different
methods of valuation required for different purposes. The last chapter
shows how selected environmental assets may be valued.

We are grateful to our colleagues at the Indira Gandhi Institute of
Development Research , Vijay Laxmi and G. K. Tripathy for their help;
to Sudhir Sharma, Nandini Hadkar, Barnali Nag and G. S. Hari Priya for
research assistance and to Mahesh Mohan for his secretarial assistance.

Jyoti K. Parikh
Kirit S. Parikh
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1

Why Account for Environment?

[

1.1 Environment Accounting

Environmental degradation associated with economic development and
population growth is visible in many places. The change in the quality of land
air and water as well as the loss of flora and fauna raise concern about such,
costs of development. At times, the trade-off is between short-term
development and environmental quality. But sometimes even economic
benefits are not commensurate with the losses on thé environmental front.
Such environmental losses are not justified on any grounds and are indicative
only of carelessness and negligence. Our understanding of environmental
issues has become a bit more sophisticated over the past few years. Today,
the environmentalists do not question development, but only certain types of
development and the economists, technocrats and adminisirators admit that
not all development is desirable. However, more progress is neededto formally
reconcile the concerns of both the groups.

The production of any economic good requires inputs and use of
machines or fixed capital. It is well known that in the process of production ba
machine gets worn out, its useful life is reduced and that for any calculation of
income earned from this process of production, one must account for the
depreciation of fixed capital. As an example, let us consider cloth weaving.
Cloth can be produced using inputs of yarn and labour and a loom as fixed
capital. If a power loom is used, electricity will be needed as an additional input.
At the end of a year, what is left is the cloth that has been produced and a
slightly worn out loom. The income derived from this process is the value of

the cloth minus the cost of yarn (and electricity) minus the depreciation in the
value of the loom.

However, apart from man-made inputs and machines, many economic
activities also require natural resources and environmental inputs. We use
land, water, air and so on for economic activities and consumption. As long as |

they are available in plenty, these are considered free. But nonetheless, we
use them and this changes their quality.
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Table 4.1 : Functions of forests

For the Natural System

For the Social System

Protective

- soil protection by absorption and -
deflection, radiation, precipitation and
wind

- conservation of humidity and carbon -
dioxide by decreasing wind velocity

- sheltering and providing required -
conditions for plant and animal species

sheltering agricultural crops against
drought, wind, cold, radiation

conserving soil and water

shielding man against nuisances (noise,
sights, smells, fumes)

Regulative

- absorption, storage and release of COs, -
Q2 and mineral elemenis

- absorption of aerosols and sound -

- absorption, storage and release of water -

improvemnent of atmospheric conditions
in residential and recreational areas.
improvement of temperature regimes in
residential areas (roadside trees, parks).
improvement of the biotype value and
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Table 4.2 : The productive role of forests

Category Products

Affected Sectors/Users

Indigineous Fuelwood and charcoal
consumption | ,
Agriculturai uses

Building poles

Cooking, heating and household uses

Shifting cultivation, forest grazing, nitrogen
fixation, fruits and nuts.

Housing, buildings, construction, fencing,
furniture

Pit sawing and sawmilling
Weaving materials

Sericulture, apiculture,
ericulture

Special woods and ashes
Industrial uses | Gums, resins and oils

Joinery, furniture, construction, farm buildings
Ropes and string baskets, furniture, funishings
Silk, honey, wax. lac

Carving, incense, chemicals, glass making
Naval stores, tannin, turpentine, distillates, resin,

. amenity of landscapes
- absorption and transformation of radiant
and thermal energy

Productive
- efficient storage of energy in utilizable - supply of a wide array of raw materials
form in phyto- and zoomass to meet man’s growing demands
- self-regulating and regenerative - source of employment
processes of wood, bark, fruit and leaf
production

- production of a wide array of chemical -
compoynds, such as resins, alkaloids,
essential oils, latex, pharmaceuticals,
efc.,

In the case of tropical forests the first two functions - protective and regulative - are
exiremely important and not very well-known while the third - productive - is largely
underestimated and underused.

Source: ICHI (1989)

consumption in a developing country like India) also enters into the accounts.
There is no provision to account for the depreciation and degradation of the
forest capital that has been occurring over a period of time due to over
exploitation. Such degradation (and depreciation) results in a loss of some of
the valuable functions (listed earlier) performed by the forests. The loss of
functions leads to monetary and other types of damage to the ecosystem
necessitating monetary expenditure to repair the damage. Such costs are not
estimated and reflected in the national accounts. Even an appropriate
framework to value these functions does not exist. As a result the loss due to
degradation is difficult to estimate. Attempts have been made to include the

essential oils

Charcoal Reduction agent for steel making, chemicals
Poles Transmission poles, pitprops
Sawlogs Lumber, joinery, furniture, packing, shipbuilding,

mining, construction, sleepers

Veneer logs Plywood, veneer furniture, containers,
construction

Pulpwood Newsprint, paperboard, printing and writing
paper, containers, packaging, dissolving pulp,
distillates, textiles and.clothing

Residues Particle board, fiberboard, wastepaper

Source: World Bank Policy Paper on Forestry (Washington, D.C.: World Bank, 1978).

forests as a resource in the SNA. However, only physical units have been
considered in the SNA. The IEEA proposes to assign monetary values to these
units as a satellite account of SNA. The WRI (Repetto, and others, 1989) has
also attempted to include forest accounts in a few country case studies and
demonstrated that as a result of inclusion of costs due to degradation and
destruction of forests and other natural resources, the economic growth rate
works out to be lower than that claimed by these countries in their national
accounts. Repetto, and others, however, consider only the commercial value
of timber to calculate the depreciation of forest stock.

The various functions fulfilled and benefits provided by forests described
in Tables 4.1 and 4.2 can be grouped differently for the purposes of valuation.
Pearce and others, (1991) provides a scheme for calculating total economic
value (TEV) of forests. This consists of direct value, use values further divided
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into indirect value and option value, and non-use value. This classification is
based on the types of methods needed for valuation.

It is difficult to value the ecological functions of forests because of gaps in
knowledge and data (Myers, 1988). We need to understand the vegetation /
atmospheric interactions. A reduction in vegetation leads to declining rainfall
and this in turn may affect agriculture, hydropower energy and public health. A
knowledge of these interactions and an estimate of consequences is required
for assessment of costs related to depreciation of the vegetation cover. Both
these areas need research. Also, in ecological systems there are
discontinuities. These are the inflection points at which conditions suddenly and
rapidly deteriorate. For example, acid rain when it exceeds a certain limits can
transform a growing healthy forest into a dying one. Thus, forests may be able
to absorb stresses to a certain level without showing it, but a stage of sudden
disruption may occur. That may involve high costs in removing the stresses and
yet the system may not be able to attain the old equilibria. These points and
corresponding level of human activities, costs to restore the system etc. need
to be researched.

A resource accounting system for forests has to be confined to its.
productive functions till the above gaps in information and knowledge are filled.
The first step is to set up forests as a satellite account to national accounts
systems in physical units, based on the available estimates. The stocks and

Table 4.3 Economic valuation of forests

Direct Value Use Values Non-Use Values
Indirect value Option value
Sustainable timber Nutrient eycling . + | Future uses Existence value
products * - | Direct and Biodiversity
Non-timber products Watershed protection |indirect values | Culture
Recreation Air pollution reduction Heritage
Medicine Micro-climatic
functions
Plant genetics Carbon store
Education
Human habitat
Life support (tribal etc.)

Source: Pearce and others, (1991)
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flows for different types of forests/plant species can be estimated. These can
be evaluated using the currently available valuation methods, which would give
the accounis in monetary terms.

The totall economic value (TEV) approach can also be utilized to assess
cost of deforestation as well as to evaluate different options for forest use. For
example, it can be used to evaluate development options for the forest. Costs
and benefits of different forest land-use options can also be worked out using
TEV. There may be a lot of uncertainty about numbers used in the evaluations
and these may also be subject to revisions. It is, therefore, suggested that the
forest natural resource block should be in physical quantities, and if the
valuation is also done, the corresponding monetary block should have all the
information related to conversion from physical to monetary units. The direct
values are the resource and services provided by the forest whereas the indirect
values are the environmental functions of the forests. Option value is the
willingness to pay if a resource has to be conserved for future use. Existence
value of a forest reflects the intrinsic value {(or the value placed by the people
on the forest itself) and it is not related to any use.

4.4.3 Valuation of forests as a productive assei: direct use value

The income one would derive from a forest would depend upon the strategy of
management. The price that a2 competitive market for forests would fetch would
correspond to the present value of the income stream generated under an
optimal management plan. This is what one should try to estimate. Suppose
the optimum strategy for a given forest is to let it grow for T periods and then
harvest it. Let

fM,.... Mk,...., M be the income derived from sale of non-timber products. If there are
no markets for those, a social value may be put on them.

Vi, W,..., VT be the volume of saleable timber if the forest is clear felled at the
end of period 1.

P, Pt PT - be the corresponding price of timber.

Hooy boueis T be the price of clear felled land.

Then the present value Vi of the stream of income when the felling is done
in period i, and the discount rate is ris as follows :
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Vi=X (v, +m)/(1+10) + 4/ (1 +1) (4.14)

We have assumed that clear felling at end of period T is optimum, i.e.
Vr>W fort=T

If land markets do not function well we do not know the value of 4. This can
be derived in the same spirit. Let the optimum strategy on clear land be to plant
a forest and harvest it after t years. We will assume that m; are net receipts
excluding the cost of replanting, management etc. Then

/,Esz:é { é(pi\/i+mij/(1+r)i} /(1 +ni-1° (4.15)

This expression gives the present value of repeatedly planting the land and
clear felling it after every t years. This value of /. can be substituted in the
previous equation, and each type of forest can be so valued.

While the information on timber output from forests of different age may
be available from foresters, how do we get the prices for the future? Just as
there is an optimal strategy to exploit an exhaustible resource and there is a
relationship for a price of the resource across time, one can also establish such
relationships for living resources like forests and fisheries. Ward and Hamilton
(1996) show that the efficient path that maximizes present value of profits
requires the unit profit rate (i.e., price minus marginal harvest cost) n to satisfy.

nt+ 1

I

where r is the discount rate and g(Si) is the natural growth which is a
function of the timber stock St. In a steady state the profit rate remains the same
sothat ni+1 = m, i.e., the forest is allowed to grow to such a state that the constant
harvest rate equals the natural growth rate which equals the discount rate.

o =r-g(s)/5 (4.16)

The optimum rule is easy to derive from simple arguments, similar to the
one used before for exhaustible resources. An owner has the possibility of
selling his entire stock of standing timber at a time & The profit on this is the
value of his stock. Thus,

Vi=mt St

!
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The owner can sell this, put the money in a bank and earn interest rV4 at
the end of the year, when he will have W(1+r) which should equal the value of
his stock Wi+1 at the beginning of period t+1. But the stock St is now given by
a(Sy). So that

Visr = My (S§+ 9(S)) = V(140 = n S(1+1)
(N =Y S¢ = nrS-ny,, 9(S)
it M g(8) /S, BL17)
n n

1 t

If we write m+1 = mt + Ay and take Ant.g(St)/St to be small enough to be
negligible, Equation (4.17) reduces to (4.16).

This relationship can be used to obtain an equilibrium m and corresponding
pt and assuming it to be constant or evolving according to some scenario of
changing demand, one can estimate the value of a forest using equations (4.14)
and (4.15) of this section. '

Here we have considered that the forest produces only one type of timber
product. The above framework can easily be used if a variety of timber products
are produced. All we have to do is to consider that each vi is a vector of different
types of timber output in year i and pj is the vector of the corresponding prices.

The valuation of non-timber products i often gathered free of cost by the
poor living nearby, or by tribals living in the forests, poses some problems that
need to be underlined.

Some of these products are traded and have a market price. These are
easy to value. The difficulty arises in valuing the others. Sometimes people have
valued such products in terms of person hours spent collecting them. Here,
however, one has to be careful in using the proper opportunity cost of labour.
If the poor villager has no other option for paying work he may spend many
hours gathering something of use from the forest. If the product is traded, its
price can provide an idea of the implicit return on labor that the person has
earned. This may be very small.

Of course, one should also recognize that such poor persons who have
few other opportunities for earning an income, have a very high marginal utility
of income. Thus even the small addition to income that the gathered forest
products amount to may have a very high survival value. From a social
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We can rewrite the above equation as
c9= o' wP EHP (B (4.23)

where ol :oc(Ft)8
We can estimate of, B and yfrom a cross-section time-series regression. y
captures the effect of overcrowding. Knowing y we can estimate the adjusted
loss in productivity.
g1

; ¥
AV{:AVt[—E—] (4.24)

We should recognise that this is an approximation. But given the lack of
data this is perhaps the best one can do. If one had all the data on fish population
and growth dynamics one could formulate the problem as follows :

The value of fish stock F' at the beginning of the period t is the maximum
profit in the present discounted value of a stream of catch C! which satisfies a
sustainability constraint. In the spirit of the Bruntland Commission report, we
impose the sustainability constraint by requiring that at the end of one
generation say after 20 years, the fish stock should be better than what it was
at the beginning. Formally, V!, value of fishery stock F,is given by

20
V! = Maximize 2P cY(1 + n!
t=1
Subject to
F2l>F1 sustainability constraint.

and F¥1 = f(F', Y  stock accumulation/depletion.

Thus AV = V™! - Viwill be the depreciation when fish stock changes from
Flto F™1.

Equation (4.23) can be estimated by the data that is collected in some
countries.

4.6 Concluding Observations

The approaches to valuation of resources such as soils, minerals, forests and
fisheries described here are motivated by the scarcity of data which is common
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in this area, particularly in developing countries. They rely on data likely to be
available or which can be collected through sample surveys.

We hope we have shown that a beginning in valuation of natural resources
is possible and that one should be able to get a quantitative understanding of
consequences of economic activities on environmental and natural resources
of a country. Preparation of such accounts, even for a limited set of resources,
would lead to a more informed awareness among people and policy makers
and, in turn, to better policies. It would also stimulate collection of better and
more relevant data.
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Appendix 4A: A Separable Representation of Yield Function for Soils

To justify the assumption of separability in Equation (4.18), consider the
conventional production function for a piece of land whereby yield Y (output
per unit land) is related to inputs X1, (i = fertilizer, water, capital etc.)

Thus, Y= A. II(X;) (A1)
1

The impactof soil quality is embodied in the constant A and also in
the parameters a's. To use this over lands of different classes, we begin
with some agronomic insights. Some agronomists have argued that the func-
tion of soil is merely to serve as a medium to transport nutrients to the plant.
Thus only input uptake (i.e., how much input reaches the plant) depends on
soil quality but the yield to input uptake relationship is independent of soil
quality (see de Witt and others, (1965) Linnemann and others, (1979)). We
can thus rewrite the function as follows - where the parameters o’s are
independent of soils.

Y = A IT, (X etake)i (A.2)

The uptake of an input depends on how much input is applied on the

soil. We characterize the soil by its various soil quality indicators Qj (j=type
of soil, permeability, depth, salinity etc.). Then,

Xfuptake = (H eriij) Xiapplied (A.B)
]

Where Qj are the various soil quality indicators and rj's are param-
eters. Similarly, a can also be written as

A=A, TI e (A.4)
i
Substituting (A.3) and (A.4) into (A.2), we get
"

Y = AO 11 erOij TI [(H eriij) Xiapplied
j [ ]

(A.5)

Simplifying (A.5) we get
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v =A, [ melfoj  ZfijoilQy | [rp xemiea]®i (A 6)
T i
If we write

B=r +Zra (A.7)

the n we can write (A.6) as a product of two functions, the soil quality multi-
plier, g, as

g (soil quality parameters ) = A IiIeBJ'QJ' (A.8)
and the input response function, f, as

f (inputs) =1 (X 2ppiiec) X (A.9)
which gives

y = g (soil quality parameters) f (inputs)
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Appendix 4B: Value of Soil and Soil Quality Function

The soil quality function g is determined by a set of inherent physical and
chemical properties of the soil. These are not under the direct control of the
farmer, and can be affected only in the long term; adversely through excessive
and improper use of irrigation and other inputs and beneficially through
amelioration measures. Some of these are affected by the action of others such
as neighboring farmers, but we will neglect these effects.

The soil quality is affected by the farmer's actions, the levels of inputs
chosen and the crop grown. One should also note that farmers adapt their
cropping pattern and inputs to changes in soil quality. The economic value of
changes in soil quality can be considered as the difference in the present
discounted values of two profit streams.

We can characterize a farmer's behaviour as one which maximizes his
discounted profits.

Maximize V:E(F’yt - C(x)/ (1 +p)t! (B.1)
such that
n=1x). g(Q) (B.2)
and
Q1 = q(x, Qo) (B-3)
Qi=Q
Here is vector of prices of oufputs

is vector of costs of inputs

P
C
y s vector of outputs
x is vector of inputs
Q is vector of soil quality parameters, and
p is discount rate.
Note that Qi1 = g(x, (k) relates inputs and current soil quality to next period’s
soil quality.
If we can estimate both Equations (B.2) and (B.3), the yield function and
the soil quality feedback function, we can characterize farmer behavior. We
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assume a stationary state in which he grows only one crop (or crob rotation)
year after year. Under this assumption, the soil quality will not change from year
to year and Ck+1 = Gt Similarly xt and 1 would also not change.

The value of maximum V call it Vin equation (B.1) will then be the value
of soail. In the 'stationary state where prices, costs, inputs and outputs do not
changes, under some simplifying assumptions V' can be written as difference
of two functions

V'=ho (1) - b (x) (B.4)

Since both y and x are functions of soil quality g(Q), we can write Vto a

first degree approximation as
V'= We g(Q) - W1g(Q) (B.5)
ie. V' = [Wo - Wilg(Q) (B.6)

This also implies that the relationship between the value V' of the soil when
soil quality parameters are given by a vector Q, and the value V 1* corresponding
to a vector Q1 is as follows.

V-V | 9@-9@Q) - (8.7)
V' 9(Q)
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Appendix 4B: Value of Soil and Soil Quality Function

The soil quality function g is determined by a set of inherent physical and
chemical properties of the soil. These are not under the direct control of the
farmer, and can be affected only in the long term: adversely through excessive
and improper use of irrigation and other inputs and beneficially through
amelioration measures. Some of these are affected by the action of others such
as neighboring farmers, but we will neglect these effects.

The soll quality is affected by the farmer's actions, the levels of inputs
chosen and the crop grown. One should also note that farmers adapt their
cropping pattern and inputs to changes in soil quality. The economic value of
changes in soil quality can be considered as the difference in the present
discounted values of two profit streams.

We can characterize a farmer's behaviour as one which maximizes his
discounted profits.

Maximize v:tf; (Py,— C(x) / (1 + p)** (B.1)
such that
n=10a) . g(Qy) (B.2)
and
Cre1 = g(n, Ca) (B.3)
Q1=Q '
Here is vector of prices of oulputs

P
C is vector of costs of inputs
Y s vector of outputs

X is vector of inputs

Q s vector of soil quality parameters, and
p s discount rate.

Note that Qi1 = g(x, Q) relates inputs and current soil quality to next period's
soil quality.

If we can estimate both Equations (B.2) and (B.3), the yield function and
the soil quality feedback function, we can characterize farmer behavior. We
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assume a stationary state in which he grows only one crop (or crop rotation)
year after year. Under this assumption, the soil quality will not change from year
to year and Qi1 = Qi Similarly x and y would also not change.

The value of maximum V call it Vin equation (B.1) will then be the value
of soil. In the stationary state where prices, costs, inputs and outputs do not
changes, under some simplifying assumptions V' can be written as difference
of two functions

V'=ho (y)- by (x) (B.4)

Since both y and x are functions of soil quality g(Q), we can write Vto a

first degree approximation as

V'= Wo g(Q) - Wig(@) (B.5)
ie. V'= [Wo - Wilg(Q) (B.6)
This also implies that the relationship between the value V of the soil when

soil quality parameters are given by a vector Q, and the value V1 * corresponding
to a vector Q1 is as follows.

V-V] | g@-g(Q,) (B.7)
v T d@




ABOUT THE BOOK

How do we measure and value the degradation in air, water, forests and fishing
resources? How does the abatement expenditure in general and loss in health,

productivity and property / wealth in particular impact sustainable income? Starting
from the system of national accounts (SNA), how does one incorporate and internalise
environmental concerns in the context of developing countries’ economies? This
monograph explains how new challenges posed by environmental stress can be
addressed using environmental economics and in particular, Integrated Economic

and Environment Accounting.




