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To My Parents and Mamun



ABSTRACT

In developing countries natural resources are often used in an unsustainable way. Poverty, poorly 

defined resource rights and high population density lead to activities like land clearing, 

inappropriate cultivation practices, deforestation, overfishing and overgrazing. Bangladesh, a 

developing country, depends heavily on its natural resources for employment, revenues and 

foreign exchange. About 80 percent of the population rely on the primary sector for their main 

economic activities. This puts a tremendous pressure on the limited resources, degrading the 

environment. Depreciation of natural resources, if not managed properly, can easily lead to non

sustainability. Depletion costs constitute a reduction in the capital base of the economy. If this 

reduction is not offset by investment in other productive capacity, then the economy risks being 

non-sustainable.

This study produces the first set of economic estimates of natural resource and environmental 

depreciation for major categories of degradation in Bangladesh. As far as natural resources are 

concerned two types of resources are considered: renewable and non-renewable. Forests and 

fisheries are examined as examples of important renewable resources while the depletion of 

natural gas is examined as a non-renewable resource. Among environmental degradation 

problems, the economic consequences of air pollution on human health are studied.

Policy implications regarding sustainability and human well-being are examined by deriving 

genuine saving for Bangladesh. This is estimated allowing for the depreciation of natural capital. 

The results indicate that depreciation costs of environmental resources are very high, implying 

that Bangladesh is ‘mining’ its resources and therefore, is faced with the danger of being 

unsustainable unless resource degradation slows down. This study suggests investment in 

productive capital and efficient management of environmental resources as non-sustainability 

means reduction in per capita resource endowment and future well being.
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Chapter 1 

Introduction

1.1 Motivation for this Research

In developing countries many natural resources are often used in an unsustainable way. Poverty, 

poorly defined resource rights and high population density lead to activities like land clearing, 

deforestation, overfishing, overgrazing and inappropriate cultivation practices. Bangladesh, a 

developing country, depends on its natural resources for employment, revenues and foreign 

exchange. About 80 percent of the population rely on the primary sector (such as agriculture, 

forestry, fishery) for their main economic activities. This puts a tremendous pressure on the 

limited resources, degrading the environment. The important areas of environmental concern are 

decline in soil fertility, water and air pollution, degradation of natural forests, wetland and 

coastal environment. The immediate causes of environmental degradation are identified as 

industrial pollution, excessive use of chemical fertilizer, excessive exploitation of natural 

resources for commercial purpose, deforestation, flood and other natural hazards. High 

population growth and massive poverty are also important factors of environmental degradation 

(detailed discussion on environmental degradation in Bangladesh is presented in Chapter 3). The 

link between population change and environmental degradation has been established in various 

works (see, for example, the survey of studies on deforestation in Brown and Pearce, 1994), 

although some authors have shown that rapid population growth is not a necessary cause of 

degradation and may even prompt technical change that improves the environment (Boserup, 

1981; English et al, 1994). But Bangladesh appears to fit the more traditional models of ‘vicious 

circles’ in which population change seems to exacerbate policy failure and other factors in 

degrading the environment (Rahman et al, 1994; Ahmed et al, 1994; USAID, 1990).

No attempt has been taken to estimate economic values of the depreciation and degradation cost 

of natural resources and of the environment in Bangladesh in a comprehensive manner. Most of 

the studies on environmental issues have focused on the general description of the problem (for
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example, Rahman et al, 1994; Ahmed et al, 1994). But this study does produce the first set of 

estimates of natural resource and environmental depreciation for major categories of degradation 

in Bangladesh. The reasons for undertaking this research are firstly, Bangladesh is a natural 

resource dependent country, where the level of environmental degradation is very high and 

secondly, natural resources depreciation and environmental degradation have serious

consequences in terms of loss in human welfare.

The main objectives of this thesis are:

* to estimate the extent of natural resources and environmental degradation in

Bangladesh in terms of monetary value;

* to estimate "genuine savings" and to examine the resulting implications for

sustainability;

* to suggest policy implications in terms of sustainable development and

environmental resource management.

In order to carry out this study various sources of data were investigated. With this end in view 

two trips were made to Bangladesh - one in 1993 and one in 1994 for a total period of four 

months. During these visits published and unpublished sources were explored for the required 

data. A number of government, non-government, research and international organisations were 

the main source of information. These include Bangladesh Bureau of Statistics, Department of 

Environment, Department of Fisheries, Department of Forests, Petrobangla, Bangladesh Institute 

of Development Studies, Bangladesh Centre for Advanced Studies, Bangladesh Agricultural 

Research Council, Bangladesh Marine Fisheries Association, International Union for 

Conservation of Nature and Natural Resources, Asian Development Bank, United Nations 

Development Programme and the World Bank. Discussions were undertaken with the experts 

on the related issues from many of these organisations.

Initially, the plan of this study was to estimate the cost of depreciation and degradation of a 

number of environmental resources such as fisheries, forests, natural gas, land, air and water.
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However, necessary data were not available to include all types of degradation in the estimation 

and therefore, the focus was narrowed down to depreciation costs of fisheries, forests, natural 

gas and air quality. In the absence of secondary data, the alternative is to collect primary data. 

This was not possible due to time and resource constraints.

1.2 The Importance of Economic Valuation

Economic depreciation is the loss in the value of a productive asset or resource from wear and 

tear or from the use of the asset. The productive asset could be man-made (such as a machine) 

and natural (such as forest). For a natural resource the depreciation or loss in the value occurs 

due to the depletion of the resource. Depreciation of a natural resource implies that the future 

value of the resource is less because of its present use. So depreciation is basically the 

‘consumption of the resource stock’ (Soladay, 1980).

In well developed market economies the quality of the environment is an important factor in 

market transactions. For example, if the environmental quality in a residential area deteriorates 

people tend to move out of the area and the value of the houses in the area goes down. In 

developing countries environmental quality always receives less attention. However, it is now 

well established that environmental degradation imposes a huge burden on the economy and the 

society (Repetto et al, 1989; Bartelmus et al, 1992; van Tongeren et al, 1991; World Bank, 

1995a). Considering the acute environmental problems there has been a gradual emphasis 

towards an improved environmental situation in developing countries. It is only recently that the 

valuation of the depreciation of the environment in developing countries has commenced (for 

a summary see Pearce et al, 1996a).

The question of how the depreciation of natural resources and the degradation of the 

environment is to be valued is one that has generated interest among the environmental 

economists for some time. While there are well developed methodologies to value natural 

resources and their depreciation the valuation of the environmental assets is not easy since some 

are not traded in the market and therefore, do not have the standard market prices. However,

15



various non-market methods have been devised to value the environment (discussed in Chapter 

2). A value is put on environmental services in the same sense as it is put on marketed goods 

and services. Monetary valuation of environmental services underlies the fact that the 

environmental services are not free and infinite. At the micro level valuation can help identify 

the extent of a project’s worth when restoration of an environmental quality is considered. Policy 

makers can use environmental regulatory tools such as taxation, subsidies and marketable permits 

on the basis of values of environmental commodities.

As environmental degradation is an acknowledged fact in Bangladesh (see Chapter 3, for details) 

the question as to why a study attempting to estimate the economic value of this degradation is 

required can be answered in many ways. There are several reasons justifying such a study:

(1) observing environmental degradation and conveying its importance to policy makers are 

two different things. To date, most of the concern about resource loss and environmental 

damage has been conveyed in terms of physical indicators. But environmental economics 

teaches that both the causes and the cures for environmental problems lie in the 

workings (or misworkings) of the economy, and hence the policy makers with power to 

change the trends are not to be found in Ministries of the Environment, valuable though 

such institutions are. They are found in Ministries of Finance, and the language of those 

Ministries is economics. Showing the quantitative extent of the economic damage from 

environmental change is thus very important if policies are to change;

(2) depletion and damage tend to affect the poorest in the community simply because their 

dependence on natural resources is direct and immediate (Pearce and Warford, 1993). 

Thus, they will tend to rely on untreated water sources whereas the rich may have access 

to water treated in a treatment plant. The poor will rely on fuelwood, the rich on liquid 

fuels or even natural gas. While studies of social incidence of environmental damage are 

few and far between in developing countries (and there are not many in developed 

countries either), it seems fair to say that some of the monetary estimates of damage 

show up the real damage being done to the poorest sections of the community;
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(3) depletion of natural resources, if not managed properly, can easily lead to non

sustainability. The essence of this argument is that, especially for a resource intensive 

economy such as that of Bangladesh, depletion constitutes a reduction in the capital base 

of the economy. If this reduction is not offset by investments in other productive 

capacity, then the economy risks being non-sustainable. As Pearce et al (1996b) argue, 

Hartwick’s rule' of reinvestment is especially important for developing countries. It is 

important that, if environment is to degrade, there must be offsetting improvements in 

human and other capital resources (the weak sustainability rule). The scale of the needed 

reinvestment can be broadly indicated by the economic value of degradation less any net 

investment in other forms of capital (see Chapter 8).

How far it is necessary to go in securing comprehensive estimates of economic damage is open 

to argument. The view taken here is that an effort to estimate genuine saving of Bangladesh is 

probably the best since it has direct policy implications regarding sustainability and human well

being. Therefore, depreciation and degradation costs of environmental resources are estimated 

to get orders of magnitude for the likely adjustments in the national accounts.

As far as natural resources are concerned two types of resources are considered: renewable and 

non-renewable. Resources such as forestry and fishery are renewable in the sense that it is 

possible to have a constant supply of these resources provided that investments bring the stock 

back at least to the initial level. But without reinvestment the stock of renewable resources will 

be exhausted. The supply of other resources such as minerals, natural gas and oil is fixed and 

will eventually decline due to consumption, although proven reserves tend to rise through time. 

Only an optimal path of extraction can extend the period of exhaustion of these resources.

In this thesis forests and fisheries are examined as examples of important renewable resources 

while the depletion of natural gas is examined as a non-renewable resource. Among 

environmental degradation problems, the economic consequences of air pollution on human

' Hartwick’s rule states that to maintain a constant consumption path one should reinvest in 
reproducible capital all rents accruing from the extraction o f natural resources (Hartwick, 1977).
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health are studied.

1.3 Structure of the Thesis

The content of this thesis is as follows. Chapter 2 consists of background material and a survey 

of the existing literature. In this chapter theories and methodologies for estimating natural 

resource depreciation are presented. Empirical studies on natural resource depreciation in both 

developed and developing countries are also surveyed. This chapter presents various direct and 

indirect approaches to value environmental degradation and substantiates these with some 

empirical evidence.

Chapter 3 presents an overview of the economy and environment of Bangladesh. This chapter 

discusses the socio-economic situation, natural resources and environmental problems. This is 

essential to gain insights about the economy and environment interface. This chapter shows that 

environmental problems in Bangladesh arise from poverty, high population growth and 

institutional failure. This chapter forms the basis for estimating the depreciation cost of 

environmental resources.

In Chapter 4 the depreciation of different types of fisheries is calculated. Depreciation costs of 

pond, shrimp farm, subsistence and trawl fisheries are estimated. The maximum sustainable yield 

for marine fisheries is also estimated to see whether these fisheries are overexploited.

Chapter 5 presents the depreciation cost of the forestry sector. The depreciation of timber 

products are estimated since it is a major contributor to the forestry sector income. This chapter 

also gives an overview of the forestry sector.

In Chapter 6 the depletion cost of natural gas is calculated. Different scenarios have been 

examined in calculating the depletion cost of natural gas under various alternative assumptions 

such as the volume of reserve and discount rate. The calculation of depletion costs allows to 

derive economic price of natural gas.
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The valuation of health impact of air pollution is presented in Chapter 7. The effect of the 

particulate matter on the population of the capital city, Dhaka, is examined both in physical and 

monetary terms. Mortality and morbidity associated with particulate air pollution in the city are 

calculated based on the appropriate dose-response functions.

In Chapter 8 the results of depreciation exercise are summarised. To examine the sustainability 

of the economy in the ‘weak sense’, genuine savings were calculated. Depreciation costs are 

used to adjust saving in Bangladesh in order to derive genuine saving. Genuine saving is the 

saving excluding the depreciation of produced and natural capital and the value of pollution 

emission. This is derived in the context of green national income. Genuine saving is shown to 

have important policy implications in terms of sustainability and human welfare. A brief 

discussion on the issue of sustainability and its indicators is presented as well. Policy 

prescriptions emerged from the results are also presented in this chapter.

Finally, in Chapter 9 the main contributions of this research towards filling the gap existing in 

the research on depreciation cost of environmental resources in Bangladesh are summarised 

along with the findings of the study. Avenues for further research on economic values of 

environmental degradation on Bangladesh are also discussed in this chapter.
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Chapter 2 

A Review of the Literature

2.1 Introduction

Depreciation is a cost which stems from the exhaustion of the resource. It is the loss in the value 

of a stock of productive asset. If the value of the resource in time t is V(t) and in time t+1, 

V(t+1) then depreciation (DEP) is equal to the change in the value of the resource between two 

points of time, i.e.

DEP = V(t) - V(t+1)

If the value in time t+1 is greater than that of in time t, then the resource will be appreciated, 

i.e. there will be a gain in the value of the resource.

In recent years the notion of deducting the depreciation cost of environmental resources from 

Gross National Product (GNP) has gained considerable support in order to derive ‘true income’ 

(Repetto et al, 1989; El Serafy, 1989). However, the issue of how the depreciation cost of 

environmental resources should be valued is controversial. As a result, alternative methodologies 

have been devised to capture the values of depreciation.

This chapter presents an overview of the existing studies on economic depreciation of natural 

resources and environmental degradation. First, the theoretical approach to adjusting the existing 

measure of income i.e. GNP is discussed. A formal derivation of Green Net National Product 

(gNNP) is presented as well. Then methodologies for measuring economic depreciation of 

natural resources are discussed. This is followed by a discussion on empirical studies undertaken 

in both developed and developing countries. The issue of environmental degradation and various 

approaches to value the environment are also discussed.
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2.2 Adjusting National Income

In economic theory, Net National Product (NNP) has been shown to reflect welfare in an optimal 

growth context (Weitzman, 1976). In the standard national income accounts, NNP allows for 

capital consumption. This capital consumption is the depreciation of produced assets (DEPp):

NNP = GNP - DEPp

Weitzman shows that in a competitive, closed economy with perfect foresight, NNP i.e. GNP 

less the consumption of capital, can be interpreted as a measure of social welfare. He measures 

NNP by the discounted value of future consumption. Weitzman emphasises that all sources of 

economic growth must be captured in the notion of "capital" including natural and human 

capital. Weitzman’s proposition is stated as;

c ” ( 0  + /" (f) g ds  ̂ c '  {s) e d s

where,

c*(t) = constant consumption level in time t

I*(t) = investment in time t

r = rate of discount

e = present value of the sum with a discount rate r

(2 .1)

c* + r  corresponds to NNP and the right hand side of the equations i.e. jc*(s)e '̂ ®̂ ‘̂ ds is the 

present value of the optimal stream of consumption into the future.

Solow (1986) extended Wietzman’s capital theoretic treatment of the national accounts to 

incorporate exhaustible resources as distinct capital goods. Hartwick has extended the approach 

further to deal with renewable resources and environmental capital. NNP is derived as the current

21



value Hamiltonian in an aggregate neoclassical growth theory. When neoclassical growth models 

incorporate natural capital, net investment (net increases in value) includes the economic 

depreciation (value of decline) in natural resource capital goods. The steps of dynamic 

optimization yield market or scarcity values for all changes in capital stock. Thus, this procedure 

leads to a correct measure of NNP (i.e. gNNP) that incorporates the current loss in value of 

natural resource stocks due to exhaustion and over-use for environmental resources. Maler (1991) 

and Dasgupta (1993) also provide models for green national income which allow for 

environmental degradation. There is no universally agreed approach to adjusting national 

accounts. Hartwick’s approach is well founded since it derived from optimal control model. The 

formal derivation of gNNP is presented below. This model follows that of Hartwick (1990).

2.2.1 The Model for Green National Income

Suppose the objective function to be maximised by the economy with exhaustible resource is 

given as:

MaxJU(C) e "dt 

subject to:

(2.2)

OK/at = K*

as/at = S’

F(K,L,Q) - C - f(Q,S) - g(D,S) 

-Q  + D

(2.3)

(2.4)

where,

U

C

r

F(K,L,Q)

f(Q,S)

g(D,S)

utility

consumption 

discount rate

production function, where K is the man-made capital, L is labour and 

Q is the flow of exhaustible resources

cost of exploring the exhaustible resource, the stock of which is S. 

cost of exploration, where D represents discoveries
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K* = output less consumption less the costs of exploring for and extracting

the natural resources 

S' = amount extracted plus the amount discovered

From equation (2.3) marginal costs can be derived:

3f/3Q = marginal cost of extraction = fq 

3g/3D = marginal cost of exploration = g^

The solution of the maximization problem in equation (2.2) is found by the current value 

Hamiltonian:

H(t) = U(C) + X,(t)K' + Â S' (2.5)

or,

H(t) = U(C) + k,(t)(F(K,L,Q) - C - f(Q,S) - g(D,S)} + W ( - Q  + D} (2.6)

where, A,, and are the co-state variables or the shadow prices.

The first-order conditions are:

a n /a c  = o or a u /a c  - A.,(t) = o i.e. = x,(t) (2.7)

a n /a q  = a.,Fq - A.,fq - a^ = 0 i.e. x,[Fq - fg] = a^ (2.8)

a n /a o  = - A,,gu + a^ = 0 (2.9)

H„ = aH /ai, = K' = F(K,L,Q) - C - f(Q,S) - g(D,S) (2.10)

-  aH/aA.2 = S’ = - Q + D (2.11)

A.', =  rA,) - H k =  rA.,(t) - a H /a K  =  rA.,(t) - A,,Fk =  A^(r - F^) (2 .1 2 )
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A<j — s o

U c = ^i(r - Fk)

^2 = - dUJdS = Â (fs + gs) + rÀ2 (2.13)

Assuming a linear utility function U(C) = and by dividing equation (2.6) by U^, the monetary 

value of the Hamiltonian or NNP is derived:

H(t)/Uc = Uc/Uc + Uc(K‘)/Uc + Xz(t)[-Q + D]/Uc

H(t)/Uc = C + K* - >^(t)[Q - D]/Uc (2.14)

since

K  = ^][Fq - fg]

and

Uc = ^i(t)

so equation (2.14) becomes:

H(t)/Uc = NNP = C + K* - [Fq - fg][Q - D] (2.15)

Equation (2.15) can be written in a more explicit way:

gNNP = C + K* - (P - MC)(Q - D) (2.16)

NNP - DEPn

where,

P = shadow price of the exhaustible resource (market price in a competitive

economy)

MC = marginal cost of extracting the exhaustible resource

Q - D = net extraction of the resource

P - MC = rent on the resource without discovery

DEPn = depreciation of the natural resource

(P - MC)(Q - D)
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2.2.2 Treatment of Different Types of Resources in gNNP

(a) Non-renewable Resource: the Issue o f Discovery

In Haitwick’s model the correct measure of depreciation is the value of net change in assets i.e. 

extraction minus discoveries. But in real world discoveries do not follow the smooth function. 

Proven and probable reserves can vary. Hamilton (1993) suggests that instead of valuing all 

resource discoveries as unit rents times the amount discovered, only the marginal cost of 

discoveries times the amount discovered should be added to the total income. Hence the new 

expression becomes:

DBF = (P - MC) X Q + MC X D

However, discoveries can be unexpected. The unexpected discovery will imply a new extraction 

path. If there is discovery of the resource the enhanced wealth will be captured through a rise 

in the GDP or GNP. Consequently consumption, investment and exports will increase. Therefore, 

discoveries should not be treated separately. So the depletion of an exhaustible resource will be 

captured by the following expression:

DBF = (P - MC) X Q

(b) Renewable Resources: the Growth o f Resources

The model of gNNP developed for the exhaustible resource can be applied to the case of 

renewable resource as well. In this case the natural growth of the resource has to be accounted 

for. The net extraction of the resource will be the growth minus the extraction or harvest of the 

resource. That is if natural growth is g and the harvest is H then net extraction is (g-H) and the 

depreciation of the resource will be:

DBF = (P - C)(g - H)
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(c) The Case o f  Environmental Degradation

Degradation or stress on environmental capital which results in pollution, is an intrinsic by

product of economic activity. Pollution is the loss of welfare in terms of disutility. Pollution has 

effects on households and production. It can constrain production and it can also have negative 

impact on the welfare. Hartwick (1990) proposes that the increase in pollution stock should be 

valued at its marginal ‘draw-down’ of output or the amount of output forgone at the margin. If 

E is the flow of pollution emission in physical units, P is the price of pollution damage and MC 

is the marginal cost of pollution abatement then the direct negative effect of pollution on 

household utility levels will be PE and its negative impact on production will be MCE. The sum 

of these two impacts is the degradation of the environment due to pollution emission (DEC) 

which needs to be deducted from the national income:

DEC = (P + MC)E

2.3 Measuring Economic Depreciation of Natural Resources

2.3.1 Net Price Method

In the gNNP model presented above, the depreciation of natural resources is valued by the net 

price method. Net price is the difference between market price of the resource and the marginal 

cost of production. This is also called economic rent. Economic rent is central to the valuation 

of natural resource. This rent is defined as the return to any production over the minimum 

amount required to retain it in its present use. It is the extra payment a factor (for example, 

labour) receives over and above earnings required to induce the factor to supply its services in 

that use. While earnings from that factor of production is just the minimum payment required 

to induce that factor to work in that job. The rent can be determined as the price of the resource 

less all factor costs incurred in extraction, including a normal return to capital but excluding 

taxes, duties and royalties. So the economic rent is equivalent to the net price. When the 

resource markets are in equilibrium depletion as measured by changes in the present value of
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the resource is equal to the depletion as measured by the net price method (Landefeld and Hines, 

1985). Current economic rent can be used as the approximation of the present value of product’s 

expected future net income.

Rents to natural resources arise from their scarcity. By scarcity of natural resource it is meant 

that the resource must be given up to obtain an additional unit of the resource. It reflects the fact 

that the stock of the resource reduces as it is used.What is obtained is called the opportunity cost 

of exploiting the resource. Ideally, this opportunity cost includes both private and social 

opportunity costs. Capital, labour and other market factor inputs used to exploit the resource are 

the private opportunity costs. Non-market environmental resources such as the degradation of 

the environment and common property resources, for example, water and air used in the 

production of the resource, are social costs.

In a competitive economy, under optimal condition scarcity rent is the Hotelling rent. This is 

named after Harold Hotelling who examined the optimal extraction path of a non-renewable 

resource and showed that this rent is a function of the expected rate of interest, r (Hotelling, 

1931). Hotelling’s rule implies that because the resource is exhaustible it will be extracted more 

slowly than if it were in infinite supply; the owner extracts less than the amount that would 

equate the marginal revenue to marginal cost and consequently even a competitive firm earns 

rent or profit on the marginal unit i.e. last unit of the resource.

In the case of a competitive firm which does not extract exhaustible resource, no profit will be 

earned on the marginal unit of the resource. So the rent on the last unit of an exhaustible 

resource is a measure of intertemporal scarcity of the exhaustible resource. Hartwick and 

Hageman (1993) consider the Hotelling rent as the correct measure of depreciation since resource 

owners will incorporate the depletion of their resources in the current price according to the 

present value of foregone future income flows. Hotelling rent is equal to the rent on the marginal 

unit of the resource multiplied by the quantity extracted. Hartwick and Lindsey (1989) showed 

that the economic depreciation of exhaustible resource is equal to the Hotelling rent. This is 

demonstrated in the following way.
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In economic theory, the value of an asset in time t is the sum of discounted future net benefits 

that flow from the most efficient use of an asset over a period of time.

T

V (t) = j  n  (q (j)) ds (2.17)

where,

V = present value of the asset

n  = net benefit in time t

r = discount rate

q = amount of extraction of the resource

s = duration (time) of extraction

t = present time

T = last period of extraction

Rearranging equation (2.17):

^ " V (0 = " n  {q{s) ds (2.18)

Integrating by parts:

r i  (?(,)) I + f ie - "  (2.19)
t < r dq(s) ds

e ’̂  V (t) = -  — e .
r , J r dq(s)

Depreciation is incurred during the optimal use of the resource. Under optimal use of the 

resource, the marginal profit is equal to:

3 ll (q (s)) 
dq(s)

The marginal profit in any period s is equal to today’s (i.e. in time t) marginal profit after
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discounting at the rate of interest i.e.

(g(-y)) = w(0) ^r(s-o (2.20)
dq(s) dq(t)

Substituting the above equation into equation (2.19) and rearranging, the following relationship 

is found;

rV (0 = -  e n  (q{T)) + n  iq(q(t)) + (<?(0) C (2.21)
oq(t) -J ds

rV(t) is the income earned from the resource at an interest rate r. Simplifying

rV (t) = n (g(t)) + [(g(T) -  q(t)] (2.22)
dq(t)

The quantity extracted at the last instant is zero [q(T) = 0]. So equation (2.22) will take the 

form:

rV (0 = n  {q{t)) -  q{t) (2.23)

Equation (2.23) implies that income from the resource is equal to the total profit less the quantity 

multiplied by the profit on the marginal unit of the resource.

In continuous time depreciation is the change in value of the resource i.e. V(t) - V(t+1). This 

is equal to the profit ri(q(t)) minus rV(t). Rearranging this in equation (2.24) it is observed that 

depreciation equals to the Hotelling rent i.e. quantity multiplied by profit on the marginal unit 

of the resource:

DEP = V (t) -  V (t+\) = A V (q(t)) -  rV (t) = q(t) (2.24)
dq{t)
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In simple terms equation (2.24) can be written as:

DEP = 

where.

(P - MC)Q

P price of the resource

MC = marginal cost of the resource

Q extraction of the resource

P - C  = 8ri(q(t) / 9q(t) = rent of the resource

q(t) Q = quantity extracted

2.3.2 User Cost Method

User cost method has been advocated by El Serafy (1989) to estimate the depletion of natural 

resources. According to this approach, the operating surplus or net receipts (receipts net of 

extraction costs) are divided between the "true income" and the capital element of income or 

user cost. The capital element of income is known as user cost because it could be considered 

as the cost to the user of consuming the natural resource.

A natural resource is expected to yield receipts, R, per year over its lifetime, n. A portion of 

these receipts could be reinvested at a real return, r, to ensure a continuous income stream, X, 

over a period of time. The user cost can be expressed as R - X and could be set aside and 

invested each year at an interest rate of r to yield the same level of income, X. The present value 

of the finite series, R, should equal to the present value of the perpetual income, X. The present
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value of the finite series R, accruing in equal amounts over a period of n years would add to:

Ÿ) /f’ = R [1 - — !—  / 1 - _J—]
0 ( l+r)« (1+r)

The present value of the perpetual income X will be equal to

è  —  (2.26)
0 1 _  A

1 + r 

where,

R = total receipts from the sale of a resource

n = number of periods over which the resource will come to an end as a result of

exploitation 

X = true/ sustainable income

r = discount rate.

R - X = user cost or the depletion factor. This is set aside as capital investment and 

excluded from GDP

Setting equation (2.25) and (2.26):

Ê  R ' = Ë  (227)
0 0

and multiplying by the denominator in both equations the user cost is estimated:

X = R [ 1 -  ___ !____  ] (2.28)
(1 + r r

— = I -  ___ !___  (2.29)
R  (1 + r)"

j _ X ^ 1 (2.30)
R  (1 + r y
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R -  X = ___ - ___ (2.31)
(1 + r)"

So this way X/R, that is the ratio of true income to total receipts and its complement 1- X/R, 

the capital element as a proportion of receipts can be obtained.

El Serafy suggests that the user cost should be deducted from gross income. Receipts obtained 

form extraction of non-renewable resources derived from the sale of assets is a disinvestment 

and this can not be considered as value added.

2.3.3 Comparison of the Two Methods

Both methods treat natural resource depletion as a loss of assets. But the two methods differ in 

their treatment of expectations about future economic rents per unit of output. The net price 

method assumes an optimal extraction path with unit rents rising by the Hotelling efficiency. The 

net price method uses only current data on prices and costs. On the other hand, the user cost 

method assumes that future unit rents will be equal to current values.

Both methods accept and set out from the general principle that the current value of capital in 

production is determined by its discounted value of net returns, that is, anticipated income 

generated from capital use. They however, differ in the assumption they make about social 

discount rate and the expected rate of growth of gross rent. Results of the user cost method are 

very sensitive to the discount rate and the depletion period. High values of any of these variable 

can result in low estimates of user cost.

2.4 Empirical Evidence from Past Studies

The empirical application of both methods gives rise to problems in many cases. Net price is the 

price minus the marginal cost. But in reality due to difficulties to measure marginal costs, 

average costs are used as a proxy to marginal cost. Therefore, when average costs are used to 

estimate the rent in the depreciation measurement, the outcome is not the Hotelling rent but an
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average of net receipts. Repetto et al (1989) use the average cost in estimating depreciation of 

natural resources in Indonesia. Solorzano et al (1991) and Cruz and Repetto (1992) also use 

average cost in the studies of Costa Rica and the Philippines respectively. On the other hand, 

the results of the user cost are very sensitive to the discount rate. However, the depreciation cost 

measured by these methods can at least indicate the range of the depreciation of environmental 

capital. The remaining part of this section summarizes the results of natural resource depreciation 

studies undertaken in other countries.

Repetto et al (1989) estimated the depreciation of forest, oil and soil in Indonesia in an 

accounting framework. In Indonesia GDP grew at 7 percent per year on average over 1971-84. 

This growth was achieved mainly through intensive exploitation of oil, gas, minerals, forest 

products and other natural resources. When depletion of natural capital was accounted for, the 

growth rate of GDP came down from 7 percent to 4 percent per year. Repetto et al constructed 

physical accounts and then assigned a monetary value on them to value the change in resource 

stock. Their findings presented in Table 2.1 show that during 1971-84 the Indonesian economy 

experienced both appreciation and depreciation. The share of depreciation in GDP varies between

1.7 to 23.8 percent of GDP while the share of appreciation varies from 20 to 35.7 percent of 

GDP. The difference between GDP and NDP (allowing for the resource depletion) is also shown 

in Figure 2.1.
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Table 2.1 Resource depletion in Indonesia (Billion Rupiah)

Year Gross Domestic 
Product

Resource
Depletion

Net Domestic 
Product

Share (%) of 
Depreciation in GDP

1971 5545 + 1126 6671 -k 20.0

1972 6060 - 100 5967 - 1.7

1973 6753 - 279 5474 - 4.0

1874 7296 + 2605 9901 + 35.7

1975 7631 - 1121 6510 - 14.7

1976 8156 - 684 7472 - 8.4

1977 8882 - 1711 7171 - 19.3

1978 9567 - 1607 7960 - 16.8

1979 10165 - 2219 7946 - 21.8

1980 11169 - 2663 8506 - 23.8

1981 12055 - 2215 9840 - 18.4

1982 12325 - 1764 10561 - 14.3

1983 12842 - 2870 9972 - 22.3

1984 13520 - 2330 11190 - 17.2

Source: Repetto et al, 1989.

Cruz and Repetto (1992) estimated that annual resource depreciation in the Philippines was about 

4 percent of GDP on average during 1970-80. The resources they have accounted for are 

forestry, soil erosion and coastal fisheries. The depreciation was 20 percent of gross domestic 

investment. Majority of this depreciation is accounted for by timber extraction. This was greater 

than the external debt, increasing at a rate of 3.2 percent of GDP.

van Tongeren et al (1991) and Bartelmus et al (1992) estimated Environmentally Adjusted 

Domestic Products (EDP) for Mexico and Papua New Guinea respectively. Their estimation is 

based on the framework of the System of Environmental and Economic Accounts (SEEA) 

proposed by Bartelmus et al (1989). Under this framework depletion and degradation effects 

related to nonproduced economic and environmental assets are captured by computing costs 

directly related to production activities and the generation of value added. These costs include
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(a) imputed charges for the depletion of minerals and other natural resources (b) costs of the 

degradation of land, water, air and so on as a result of productive activities. Two EDPs have 

been calculated in their framework:

EDPl = 

where, 

NDP =

^Dep -

N D P - C Dep

net national product 

cost of depletion

and

EDP2

where,

Coeg

EDPl - CDeg

cost of degradation

van Tongeren et al (1991) evaluated the changes in oil and timber stocks in Mexico. Oil 

depletion, deforestation, land use and environmental asset depletion such as air pollution, water 

pollution, soil erosion, ground water and solid waste were focused upon. The valuation of 

changes in oil and timber stocks was carried out by using both net price and user cost method. 

The results of the two methods vary. In the net price approach the net rent was estimated to be 

1162 pesos/barrel while depletion allowance in the user cost approach was 160 pesos/barrel in 

1985. The average stumpage values of forests were computed to be 21.5 and 1.6 pesos/m^ 

respectively. In the Mexican study the valuation of soil erosion, solid waste generation by 

households was done and the impact of SOj, NO, CO and emissions of suspended particulate 

was examined. Land erosion was valued at the cost of fertiliser to maintain the productivity of 

the land; ground water loss was valued at the cost of re-injecting water back into underground 

water reservoirs; water and air pollution were valued at the cost of reducing such pollution to 

acceptable levels, van Tongeren et al study showed that the value of the depreciation of the 

natural capital (Ĉ gp) is about 6 percent of net domestic product. If environmental damage is 

taken into account, the degradation cost (Cggg)) is about 14 percent of the net domestic product.
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Bartelmus et al (1992) also use both net price and user cost method in calculating the value of 

resource depletion due to mining in Papua New Guinea. In this study EDPl is found to be 

between 1 to 9 percent of NDP and EDP2 is between 3 to 10 percent of NDP. However, this 

study does not cover the whole economy since about 80 percent of the population live in remote 

villages and does not take part in ordinary market transactions. So the adjusted income measures 

cover only twenty percent of the population.

Bryant and Cook (1992) estimated the depletion of non-renewable resources using both net price 

and user cost methods. The net price method is divided into two measurements: (i) the value of 

change in the stock during the accounting period (ii) the value of gross margin net of extraction 

cost. In the case of net price method total rents for oil and gas were in the region of 0.5 percent 

to 6 percent of GDP during 1980 to 1990.

Adger (1993) estimates rents from deforestation in Zimbawae in 1987, soil erosion in 1990 and 

mineral extraction for the last quarter of 1990. This study found that the share of depreciation 

of forestry resources was 9 percent (ZM$ 93.77) of agricultural GDP. Using the lost productivity 

measurement Adger estimated soil erosion and found that the loss of maize and cotton 

production was ZM$ 203.23 million. The depreciation of natural capital was calculated as the 

sum of loss of productivity and the forestry rent. This depreciation in 1987 was equivalent to 

almost 30 percent of agricultural GDP and 5 percent of aggregate GDP.

Young (1992) attempts to calculate green GDP by taking into account of the use of renewable 

and non-renewable resources in production. He used the net price method to value habitat 

decline and land degradation in Australia. Young found that habitat loss and land degradation 

during the period 1980 to 1989 were between 0.6 percent to 1.6 percent of GDP with an average 

of 0.8 percent per year.

Using both user cost and net price method Young and de Motta (1995) estimated sustainable 

income. In the case of net price method the income ranged up to 9054 percent of the product 

of Brazilian mining industry. On the other hand, when the user cost method is applied
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sustainable income varied from 86 to 98 percent of the conventional income. They mention that 

the main reason for such discrepancies in results was substantial discoveries and revaluations of 

mineral resources during the 1970s and 1980s. In the net price method discoveries and 

revaluations are directly added to net product. This creates a large variation in the results.

Eugenio et al (1995) estimated that the mining sector in Chile experiences an appreciation during 

1975-1992. Using Hartwick's methodology they found that the appreciation of mineral resources 

in Chile is about 18 percent per year on average.

Hultkrantz (1991) examines the Swedish forestry sector to account for the changes in the forestry 

resources including seven non-priced services provided by the forests. He followed the net price 

method for evaluation of timber resources. Hultkrantz uses market prices to evaluate each 

component of the services under consideration. Market prices for timber, berries and mushrooms 

are available. The value of meat from hunting and recreational values are obtained from a 

contingent valuation study. Biodiversity is valued by considering the area of protected land that 

must be set aside to protect biological diversity and then by computing the opportunity cost. The 

hydrological effects, for example, absorption of water by forest that could have been used for 

power generation, are not valued explicitly. Carbon fixing is valued by using the effluent fee of 

CO2.

Anielski (1992) develops a forest accounts for Alberta for the period 1964-90. Using the 

depreciation method he finds a positive change in forestry resources in Alberta. Appreciation 

varies from 0.18 to 18 percent of gross forestry product during 1979 - 1990. The forest accounts 

developed by Anielski showed that the closing stock of forest products in 1990 was 8 percent 

higher than in 1964.

In Table 2.2 a summary of the results of resource depreciation in some countries are presented.
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Table 2.2 Summary of results of resource depreciation in different countries

Country Source Resources
Estimated

Methodology/Approach Period of 
Estimation

Estimates Result

Australia Young (1992) Habitat loss, land 
degradation

Net Price 1980 - 89 Green GDP Depreciation 0.6 - 1.6% of 
GDP

Brazil Young and de 
Motta (1995)

Mineral User cost and 
Net Price

1970 - 88 Sustainable Income 
(SI)

SI; 86 -98% (user cost) 
and 9054% (depreciation) o f  
conventional income

Costa Rica Solorzano et al 
(1991)

Forestry, fishery, 
soil

et Price 1970 - 89 Net Domestic Product 
(NDP)

NDP 86 -92% of GDP

Indonesia Repetto et al 
(1989)

Oil, forest, soil Net Price 1971 -84 Net Domestic Product 
(NDP)

NDP 76 - 120% of GDP

Japan Uno (1989) Environmental
damage

Pollution abatement 
expenditures

1955 -85 Net National Welfare 
Measure (NNW )

NNW  66 - 104% of GDP

Mexico Tongeren et al 
(1991)

Oil, forest, water, 
air, soil, waste 
deposit

Net price and user cost 1985 Environmentally 
Adjusted Domestic 
Products (EDP)

ED Pl 94% of NDP  
EDP2 86% of NDP

Table 2.2 continues on the next page
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continuation of Table 2.2

Country Source Resources Estimated Methodology/Approach Period of 
Estimation

Estimates Results

Papua New  
Guinea

Bartelmus et al 
(1992)

Forest, soil, fishery Net Price and User Cost 1986-90 Environmentally 
Adjusted Domestic 
Products (EDP)

EDPl 1 -9% of NDP  
EDP2 3 -1 0 %  of NDP

Philippines Repetto et al (1992) Forest, Fishery,
Agriculture,
Petroleum

1970-87 Resource Depletion 4 % of 
GDP

United
Kingdom

Bryan and Cook 
(1992)

Oil, Gas, Land, 
Water, Air

Oil, Gas: User cost 
Land reclamation: 
Defensive expenditure 
Water, Air: 
Environmental 
Expenditures

1990 Sustainable Domestic 
Product (SDP)

SDP 95.8% of GDP

United
Kingdom

Adger and Whitby 
(1993)

Forest, Agriculture Stated Preference 1988 Sustainable Net Product 
(SNP) for agriculture

SNP 25% > than 
conventional net product of 
agriculture

Zimbabwe Adger (1993) Forest, Soil Net Price 1987 Modified Net Product 
(MNP) for agriculture

MNP 62% of GDP for 
agriculture
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2.5 Valuation of Environmental Degradation

2.5.1 Environmental Degradation

Degradation can be seen as external costs or externalities arising from the use of a resource. 

When degradation exceeds the assimilative capacity of the environment, damage costs arise. But 

pollution is also associated with economic expansion in the short-mn and thus has a marginal 

benefit. So reduction in pollution may result in a loss of economic surplus. In economic theory, 

the benefits and costs of pollution abatement are described as in Figure 2.2. The polluter incurs 

costs in undertaking economic activities which give rise to the pollution. But the polluter also 

receives benefit in the form revenue from economic activities or, in other words, by polluting. 

The marginal benefit is an extra net benefit from changing the level of economic activities by 

one unit and the marginal cost is an extra damage done by pollution through economic activities. 

As pollution increases, the marginal cost increases. The marginal benefit of pollution abatement 

tends to fall as environmental quality improves. As complete abatement is approached, the 

marginal benefit becomes smaller. The intersection of the marginal cost and the marginal benefit 

curves gives the economically optimal level of pollution.

2.5.2 Techniques of Valuation

Techniques to reveal individual’s preferences for non-market environmental commodities can 

be divided into two main categories: (i) direct method (ii) indirect method. The direct method 

or stated preference uses interview techniques to make individuals express their subjective 

evaluation of the good explicitly in hypothetical markets or less directly through rankings of 

alternative options. The contingent valuation method (CVM) is the most used approach for direct 

evaluation in environmental economics^. The indirect method assumes either that private goods

2 In transport economics, Conjoint Analysis (CA) is more widely used. CA is an example o f stated 
preference techniques. CA assumes that goods have several or more attributes each o f which 
contributes to an individual’s utility. Utility is then a function of those attributes and each of 
these is weighted by some indicator o f importance to the individual. Individuals may be surveyed 
to find out what attributes are important, or some other technique may already have established 
the attributes that matter. The ‘level’ o f the attributes can then be measured. Each attribute may 
have a different unit o f measurement. Scenarios are then designed in which different
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are complementary to environmental goods or that environmental quality is incorporated in that 

private good. The value of the environmental good can thus be calculated from the demand for 

the private good. Among the indirect methods the most important ones are the Hedonic Price 

Method (HPM), the Travel Cost Method (TCM) and the Avertive Behaviour Method (ABM). 

Various valuation techniques are presented in Figure 2.3.

Literature on methodologies for valuing the environment is extensive. Overviews of these 

approaches are available in many studies including Cummings et al (1986), Freeman (1993), 

Mitchell and Carson (1989), Pearce and Turner (1990), Pearce et al (1994), Markandya and 

Richardson (1992), Turner (1993) and Kopp et al (1993).

In this section only the relevant methodologies to value health impacts of air pollution on human 

being and their empirical applications are discussed.

2.5.3 Direct Methods

Contingent Valuation Method

The contingent valuation method (CVM) is applied to obtain the amount of individuals’ 

maximum willingness to pay (WTP) to have the benefit of an environmental good or minimum 

compensation to go without it i.e. willingness to accept (WTA) a loss in benefit. This is done 

by questioning a sample of individuals either through a direct questionnaire or by experimental 

techniques in which subjects respond to various stimuli in laboratory conditions. Respondents 

are asked to express their personal valuations for increases or decreases in the quality of some 

good, contingent upon a hypothetical market. CVM aims to elicit valuation (‘bids’) which are 

close to those that would be revealed if an actual market existed. So the hypothetical market 

should be as close as possible to a real market. CVM also requires that the nature of changes

combinations of attributes exist, an effort being made to keep the final number of scenarios to 
be presented to respondents low. Individuals then rank the different options or rate them using 
some scale of preference. Statistical techniques such as logit and probit are used to derive the 
weights. If cost or some monetised item constitutes one o f the attributes, then valuation o f the 
other attributes in terms of money is possible.

41



in the quantity and quality of resources is understood by the respondents.

The procedure of questioning is that the questioner suggests first bid to the respondents that they 

would be willing to pay. The respondents agree or deny. The bid is increased to see if the 

respondents would still be willing to pay that price and this procedure goes on until the 

respondents declare that they are not willing to pay the increased bid. The last price accepted 

by the respondents is the maximum willingness to pay. In the case of WTA the bids are lowered 

until the respondents agree to accept a loss in benefit. This is the minimum willingness to accept 

by the respondents.

In the CVM individuals are not asked about their opinions or their attitudes. This may result in 

poor predictions about their actual behaviour. Because of its hypothetical nature CVM is subject 

to a number of biases. These biases are:

Strategic bias: when individuals provide a biased answer in order to influence a particular 

outcome, strategic bias arises. This problem is known as free rider problem. If individuals have 

strong desire for a good then they may report a higher WTP than their true WTP if they feel that 

their bid will influence the provision of the good. However, there is no strong evidence of 

strategic bias in the contingent valuation. Schneuder and Pommrehne (1981), Bohm (1972) and 

Scherr and Babb (1975) found little experimental evidence of pronounced strategic behaviour. 

Brookshire et al (1976) and Rowe et al (1980) found no evidence of strong strategic behaviour 

in their contingent valuation studies.

Information bias: This type of bias arises if individuals have very little or no experience on what 

they are asked to value. This may arise from various aspects of the CVM. Information about the 

price provided by the interviewer could be regarded as a form of information bias. At the 

starting point, it is the interviewer who informs the respondents of the first bid. The sequence 

in which information is supplied may influence the respondents. The amount and quality of 

information could also have impact on the respondents. New information may affect the bidding 

behaviour of individuals. For example, when individuals are told that the aggregate WTP is not

42



sufficient to keep the service in operation then they may revise their bids (Rowe et al, 1980; 

Schulze et al, 1981).

Instrumental bias: It may be possible that the starting bid could be suggestive, leading the 

respondents to settle at a figure around it. For example, a starting bid of £0.5 may yield a quite 

different result than £3. Furthermore, the range could also have a similar effect, a range of £0.5- 

£30 may produce a different valuation from the respondents than a range of £0.5-£100.

Hypothetical bias: In the actual market if mistakes are made there is a cost; people regret for 

paying more than what they should have. But in the hypothetical market, individuals may treat 

the experiment casually since there is no cost involved.

Vehicle bias: The ‘vehicle’ or instrument of payment (such as entrance fees, taxes, surcharges, 

higher prices for goods etc.) of the environmental attribute can affect the respondents’ answer. 

The respondents may be sensitive to a certain type of payment, for example, one may find $ 1 

paid through tax as being more costly than $ 1 paid through an entrance fee.

Apart from these biases there are disparities between WTP and WTA. In effect, the divergence 

between the two concepts is wide and economic theory can not explain this. This is related to 

the human psychology. People value the loss of something they already own more than the gain 

of something they do not have yet. Coursey et al (1987) suggest that the divergence may be 

due to the respondent’s incomplete decision process.

Empirical research reveals that WTP is several times, typically one third to one fifth, lower than 

WTA (Winpenny, 1991). Hammack and Brown (1974), Bishop and Heberlein, (1979) Brookshire 

et al (1980), Rowe et al (1980), Knetsch and Sinden (1983), Gordon and Knetsch (1979) 

reported differences between WTP and WTA. Bishop and Heberlein (1979) studied the value 

of wildfowl to hunters in Wisconsin on the basis of day value criteria. In their study the WTP 

was found to be $21 and the WTA $101.
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CVM has been used extensively to elicit values of improvement in the water and air quality and 

it has been recognised that this method can provide reasonable information on benefits or costs.

2.5.4 Indirect Methods

Hedonic Price Approach (HPM)

The hedonic price approach measures the quality of the environmental services by observing the 

prices of surrogate goods affected by environmental conditions. The most common application 

of the hedonic price method in the environmental literature has dealt with the impact of air 

pollution on the residential housing values. The simple underlying assumption behind this 

approach is that the variation in environmental attributes will result in differences in property 

values; a house in an area with clean air is expected to be of higher value than one in a polluted 

area. The hedonic price approach attempts firstly, to identify how much of a property differential 

is due to a particular environmental difference between property and secondly, to infer how 

much people are willing to pay for an improvement in the environmental quality that they face 

and what the social value of the improvement is. Econometric techniques are used to calculate 

a hedonic price function which relates property prices to different dwelling attributes. From this 

relationship separate expressions for each attribute including the environmental ones showing 

how price would change when the quantity or level of one of the relevant attributes changed. 

The expression for air quality reveals how much more customers would be willing to pay for 

a house in an area with better air quality compared with an identical house in a polluted area. 

This is the value attached by customers for the improvement in the urban air quality in the 

context of the housing market.

A few difficulties arise while using the HPM. It can be applied successfully only if the 

households are aware of the cost and benefit of environmental attributes and when they are able 

to adjust their residential locations to choose whatever combination of attribute they want. 

However, the applications of HPM have been successfully carried out in the developed countries 

to estimate costs of air and noise pollution and changes in amenities.
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In Table 2.3 a summary of results of few studies conducted in the USA is presented. It is 

observed that the impact on prices of the degraded environment is not always significant. In a 

number of cases no evidence of negative price effect of polluted and risky areas on houses was 

observed. Brookeshire et al (1985) found that the location in a designated earthquake zone has 

a negative impact on housing prices. Adler et at (1982) found no impact of location near a waste 

facility in Andover, USA. Nelson (1981) found no effect on prices from the Three Mile Island 

accident. Similarly Gamble and Downing (1982) did not find any significant shift in the 

marginal effect of distance from the nuclear plant after the Three Mile Island nuclear accident.

McDonald, Murdock and White (1987) showed that there was a negative effect on price of a 

location in an area posed to the threat of flood in Monroe, Los Angeles. Michaels, Smith and 

Harrison (1987) found limited evidence of effect due to location of property near a hazardous 

waste facility. In their model they collect responds from the people before and after publicity 

concerning a hazardous waste facility.

A study on three housing markets near hazardous waste sites was carried out by Schulze et al 

(1986). Their results show that in the case of two markets, the proximity to the sites depressed 

housing prices. The third housing market was a municipal landfill. In this case no significant 

negative effect of location near the site was found. The authors mention that as the location was 

far from the city it was in advantageous position in terms of less pollution which had an 

offsetting effect on the price of houses near landfill.
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Table 2.3 Housing market studies of health and property

Study Location Type of Threat Proxy for Risk Evidence of 
Effect

Adler et al (1982) Andover, USA Hazardous Landfills Stepped function of distance No

Baker (1986) Kanawha River, USA Potentially hazardous 
production facilities (chemical 
plants)

Natural log of distance to nuclear 
plant; zonal dummy

Yes

Brookshire et al (1985) Los Angeles,
San Francisco, USA

Earthquake Dummy variable for location in 
zone

No in 1972 
Yes in 1978

Gamble and Downing (1982) Plymouth, Waterford, 
Lacey Township, 
Rochester, USA

Nuclear power plants Distance to plants; dummy for 
visibility of plant

No

McDonald, Murdock and White 
(1987)

Monroe, USA Flood Dummy variable for location in 
flood zone

Yes

Michaels, Smith and Harrison 
(1987)

Submarkets in suburban 
Boston, USA

Hazardous waste sites Distance to nearest site Slight

Nelson (1981) Harrisburg, USA Nuclear power plant Distance zones No

Schulze et al (1986) Three housing markets in 
urban areas, USA

Hazardous waste sites Distance zones; inverse function of 
distance from sites

Yes

Source: Kopp and Smith (1993)
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Wage Differential Approach

The Wage Differential Approach (WDA) is an extension of the hedonic price method. Wage 

differentials in the labour market which arise because of the variation in urban amenities across 

cities are used to value environmental amenities. This approach assumes that given the mobility 

and time, households migrate between cities in search of better air quality or less noisy area. For 

better air quality households would be willing to accept a low wage. In this case, in addition to 

a hedonic property function a hedonic wage function has to be estimated. The value of the 

amenity would be the sum of the value of the component of the attribute in each function. Here 

the value of the urban environmental amenity is based on consumer behaviour in two interrelated 

market goods i.e. property market and labour market.

Many studies on the statistical valuation of human life are based on WDA (for example. Miller, 

1990; Viscusi, 1992). The idea behind this approach is that workers in the riskier jobs must be 

compensated with higher wages for bearing additional risks. The valuation of a statistical life 

is done in the following way. If the wage of a worker in a chemical industry is $ 50 higher than 

a worker in a textile industry (which is less riskier than working in a chemical industry) on 

average and if the mortality risk is such that risk in the chemical industry is 2 in every 1000 

workers (i.e. a probability of 0.002) and in the textile industry is 1 in every 1000 workers (or 

a probability of 0.001), then the implied value of a statistical life is $ 50,000 ($50 4- (0.002 - 

0.001) = $50,000). However, in many cases the workers are not well aware of the risks involved 

in their work. In that case the valuation of mortality risks can not be representative.

Avertive Behaviour Model

People can take defensive measures to avoid the perceived effects of hazardous substances. The 

avertive behaviour model (ABM) is applied to risky studies involving potential health 

impairment. Smith and Desvousges (1986) have found empirical evidence of averting behaviour 

in the control of hazardous substances. For example, they document the use of bottled water by 

households that fear that the ground water is contaminated from hazardous waste sites. Berger
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et al (1987) and Rowe and Chestnut (1984) examined the existence and nature of averting 

responses to pollution. On the basis of these studies, it appears that individuals try to mitigate 

the effects of air and water pollution by the following ways: (i) by making expenditures on 

durable goods such as air purifiers and water filters (ii) by making expenditures on nondurables 

such as bottled water, and (iii) by changing their daily schedule to avoid air pollution exposure.

Cost of Illness Method and Human Capital Approach^

The CGI measures the total cost of illness that is imposed on the society. This method is often 

used to estimate economic gains from improved health. The CGI method estimates the change 

in expenditures on health care and the value of the lost productivity on the basis of relationship 

between excess mortality or morbidity and ambient pollution levels. The related expenses could 

be:

(i) immediate expenses associated with illness such as hospital care, medicine, home health 

care, services of doctors and nurses;

(ii) foregone earnings or the imputed value of restricted activity days;

(iii) avertive or defensive expenditures;

(iv) the disutility of illness such as pain, anxiety, stress.

In the Human Capital Approach (HCA) the basic idea is to calculate tangible results of impaired 

health by summing the net present value of losses of earnings for the individual. The HCA 

measures the value of an individual’s production when the individual is alive. The productivity 

of the person is measured by earnings from labour (for details. Lave and Seskin, 1971, 1978). 

So the value of preventing an individual’s statistical death or injury is equal to the gain in the 

discounted present value of the individual’s earnings over the rest of the individual’s expected 

life.

Both CGI and HCA suffer from a number of limitations. Gne important limitation of these

 ̂ These methods are discussed in detail in Chapter 7.
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approaches is that they do not estimate a theoretically correct measure of the benefits of 

improved health. In economic theory the benefit of a good is measured as the amount of money 

which would make an individual indifferent between consuming and not consuming the good. 

The economic benefit of the improvement of an individual’s health can be measured as the 

maximum amount of money the individual is willing to pay for the improvement in health. 

Expenditures measured by these methods do not necessarily measure everything that households 

spend or are willing to pay to avoid health risk.

2.6 Methodology Adopted for this Study

This study uses different methods for estimating the depreciation cost of environmental resources 

in Bangladesh. The difference in the type of resources as well as the lack of data availability are 

the main factors for choosing different methods. The net price method is used to value 

depreciation of fisheries and forestry. The cost of future forgone consumption i.e. user cost is 

estimated as the depletion cost of natural gas. The health impact is calculated by using dose 

response functions and the cost of health risk is estimated by using the benefit transfer technique. 

The values have been adjusted suitably to capture the income difference. Methodologies for 

valuing each type of resource are discussed in the respective chapters.

2.7 Conclusions

This chapter presented the theoretical framework and methodological issues related to valuation 

of the depreciation of natural capital. An overview of methodologies to value economic 

depreciation of natural resources shows that the existing approaches suffer from limitations. 

Results also vary with the methodologies, for example, between net price and user cost method. 

Moreover, the approaches can not always be used strictly in the real world due to market 

imperfections and lack of adequate data. The debate on what method should be adopted, 

therefore, remains unresolved.

In case of valuing the environmental degradation both direct and indirect methods have
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limitations. Degradation of a natural resource is the sum of losses in use and non-use values 

resulting from damage to the quantity and quality of services derived from the resource. Though 

indirect measures rely on actual behaviour of individuals in the market, these methods can only 

measure use values while direct methods can measure both use and non-use values of a natural 

resource. However, the values derived from direct methods can vary considerably as the 

valuation of a resource depends on individual’s own perception.
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Figure 2.1 Resource Depletion in Indonesia
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Figure 2.3 Valuation Methods
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Chapter 3

Resources and Environment in Bangladesh: An Overview

3.1 Introduction

This chapter identifies major environmental problems and their causes in Bangladesh. As a 

background of the discussion the socio-economic situation is described briefly. The purpose of 

this chapter is to discuss the dependency of the economy on natural resources and the severity 

of environmental degradation in Bangladesh. This forms the basis for the economic valuation 

of natural resource depreciation and environmental degradation.

Bangladesh is situated on the north-eastern side of South Asia and bounded by India on the 

west, north and east, by Maynmar on the east and by the Bay of Bengal on the south (Map 3.1). 

Total area of the country is 144 thousand square kilometres (sq km). It lies at the foot of 

Himalayan hills and is formed by the delta of three major river systems, the Padma, the Meghna 

and the Jamuna (BBS, 1994). The climate is tropical. The tropical monsoon climate is 

characterized by heavy rainfall. Monsoon rainfall averages between 1200 -3500 millimetre (mm). 

Average daily temperatures vary from 11 to 34 degree centigrade, and may rise to 40 degree 

centigrade during the month of April and May. Bangladesh is largely a flat country and prone 

to natural disasters such as flood, cyclone and tidal surge. One - third of the land area is less 

than 20 feet above sea level posing the danger of being affected by sea level rise. About 18 

percent of the area is flooded every year. Bangladesh also faces periodic droughts which affect 

agricultural production.

The main source of income is agriculture which is comprised of crop, forestry, fisheries and 

livestock. Agriculture contributes 37 percent and industry 10 percent of the total GDP (BBS, 

1993a). Land, water, forest, fish and natural gas are the important natural resources in 

Bangladesh which contribute to the national economy in various ways. The majority of the 

population (80 percent) live in the rural area who depend on the primary sector for their 

livelihood.
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3.2 Socio-economic Background

3.2.1 Basic Indicators 

Population

Population growth is one of the main problems in Bangladesh. The population of Bangladesh 

is very high and increasing rapidly. The population was 55.2 million in 1961; this increased to

114.4 million in 1991 (BBS, 1992). This implies that over a period of 30 years (1961-1991) the 

size of the population has doubled. At present (1993) population density is 798 persons per sq 

km (BBS, 1994).

In Table 3.1 a comparison of basic indicators with the UK is presented. During 1973-93 both 

population and population density increased by 2.36 percent per year. During 1973-83 total 

population increased at the rate of 2.7 percent per annum but this figure fell to 2.04 percent per 

annum between 1983-93. This means that the rate of population growth is declining albeit very 

slowly. This decline is not significant and population pressure will continue in future. The 

United Nations has projected the population density of Bangladesh as 1632 persons per sq km 

by 2025 (United Nations, 1991).

Crude birth rate (GBR) and crude death rate (CDR) indicate the number of live births and deaths 

occurring per thousand population in a year. The crude birth rate and the crude death rate 

influence the population growth rate. There has always been a gap between these two factors. 

In 1974, CBR was 47.4 per 1000 while CDR was 19.4. CBR declined to 31.6 and the CDR to

11.2 per 1000 by 1991 (BBS, 1995). Infant mortality rate (IMR) is 105.6 per 1000 (infant 

mortality rate is the number of infants who die before reaching one year of age, per thousand 

live births in a given year). Compared to developed countries IMR is very high in Bangladesh 

(for example, in the UK IMR is 7 per 1000 live births). Life expectancy at birth is 56 years 

compared to 76 years in the UK (Table 3.1).

Rapid population growth is accompanied by associated problems such as illiteracy and

54



unemployment. The literacy rate is only 35 percent compared to more than 95 percent in the 

UK. Estimated labour force in 1989 was 33.4 million and the number of employed persons was

23.3 million (GOB, 1990) implying 10.3 million unemployed and an unemployment rate of more 

than 30 percent.

Poverty

Poverty is both a cause and effect of population growth. Social problems like illiteracy and 

backwardness are related to poverty which in turn is responsible for population growth. The 

extent of poverty is reflected in low per capita income and low per capita resource availability. 

At present per capita income is only US$ 220 (World Bank, 1995b). Per capita income increased 

at 5.19 percent per annum between 1973 and 1993. Per capita land availability is only 0.13 

hectare (ha). About 40 percent of the rural population is classified as landless and 20 percent of 

the households do not have enough land for a homestead. The number of landless and near 

landless (those who own 0 - 1 . 0  acre"̂  of land) households are increasing; 7.7 of such household 

(60 percent of rural households) existed in 1978, 10.4 million (64 percent of rural households) 

in 1988, implying an increase of 3 percent per annum (UNDP, 1993).

Population growth and urbanization have led the decline in land availability. Though the country 

still remains predominantly rural based, urbanization is also taking place very fast. The urban 

population accounted for 19.6 percent of the total population in 1991 compared to 2.4 percent 

in 1901 (BBS, 1992). The rate of growth of urban population between 1981 and 1991 was 4.7 

percent while the growth of the rural population during the same period was 1.5 percent per year 

(BBS, 1993b). It has been projected that urban population will increase to about 30 percent by 

the year 2000 (World Bank, 1990a). Migration from the rural areas has caused the increase in 

urban population and this will continue in future as employment and income opportunities are 

better in the cities. In Bangladesh the well-off families move to the cities for better opportunities 

such as education and job (‘pull’ factors) while the poor families come to the cities after being 

unable to find employment in the rural areas (‘push’ factors).

1 acre = 0.40469 hectare
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Table 3.1 Basic indicators of Bangladesh and the UK

Indicators

Bangladesh UK

1973 1983 1993 Increase (%) 1993

73-83 83-93 73-93

Total population (mn) 72 94 115 2.70 2.04 2.36 57.8

Area (000 sq km) 144 144 144 - - - 245

Population density (person/sq km) 500 652 798 2.70 2.04 2.36 236

Urban population (% of total population) 8.6 12.6 17.3 3.89 3.22 3.55 89

Life expectancy at birth (in years) - 49.7 56.1 - 1.21 - 76

Infant mortality (number/1000) - 128 105.6 - -1.90 - 7

Literacy rate (% of population) - - 35 - - - >95*

Female labour force participation (%) 5.6 6.6 7.7 1.66 1.55 1.60 39

Per capita income (US $) 80 140 220 5.75 4.62 5.19 18,060

* According to UNESCO illiteracy rate is less than 5 percent 

Source: World Bank, 1995b and BBS, 1994.

A comparison of basic indicators with four other developing countries is presented in Table 3.2. 

Bangladesh ranks last in most categories. Bangladesh stands fourth in terms of per capita income 

(ahead of Nepal) and GDP growth rate (ahead of Sri Lanka). Population density is the highest 

and the investment rate is the lowest among the five countries under consideration.
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Table 3.2 Comparison of basic indicators with other developing countries

Indicators Bangladesh India Pakistan Sri Lanka Nepal

GNP per capita (US$), 1993 220 300 430 600 190

Annual GNP growth rate (%), 1993 1.8 3.1 3.1 2.6 2.0

GDP growth rate (%), 1970-80 2.3 3.4 4.9 1.6 2.7

GDP growth rate (%), 1980-90 4.2 5.2 6.1 2.8 5.0

Investment rate (%), 1990 12.9 23 19 22 18

Population density (person/sq km), 1993 798 268 149 263 141

Adult literacy (%), 1990 35 48 35 88 26

Female literacy (%), 1990 22 34 21 83 13

Life expectancy, 1990 52 59 56 71 52

Source: World Bank, 1995b.

Inequality

In Bangladesh inequality exists between men and women and between the rich and the poor. The 

inequality between men and women is reflected in many respects including education and 

employment. Literacy rate among women is only 22 percent compared to 45 percent among 

men. The difference is the result of lower enrolment rates and less educational expenditure on 

women. Primary school enrolment rates are 77.7 percent for boys and 61.4 percent for girls. On 

the other hand the percentage of drop- outs at the primary level is 54.9 among the boys and 58.3 

among the girls. Monthly expenditure on education on a boy is TK 25.3 while on a girl it is less 

than half of that of on a boy (only TK 11.4 per month). The majority of women are unpaid 

workers performing household chores. Female labour for ce participation rate is only 7.7 percent 

compared to 87 percent among men (United Nations, 1991). The reasons for the backwardness 

of the female population are multitudinous relating to the overall economic and social 

backwardness of the society and to religious and cultural practices.

Inequality is also reflected in the income distribution pattern. The distribution of income and 

land is skewed: the top 5 percent of the population enjoys 20.5 percent of the total income (in
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1988) whereas the bottom 40 percent of the population enjoys only 17.5 percent of total income. 

In 1973 the top 5 percent had 16.4 percent of total income. The concentration of income to the 

top 5 percent has increased. On the other hand income of the bottom 40 percent of the 

population has been declining.

The pattern of income distribution and poverty level are shown in Table 3.3. The poverty 

indicators are based on the per capita daily calorie intake. Two categories of poverty levels are 

considered. The first one is the ‘poverty line’ based on the minimum energy requirement for 

each age group as recommended by the joint expert group of the World Health Organization 

(WHO) and the Food and Agricultural Organization (PAO). Adjusting for the age and 

occupational profile of Bangladesh the weighted average daily per capita calorie intake is 

estimated at 2,122 calories and 48 grams of protein. The second definition is ‘extreme poverty’. 

Those whose per capita intake is below 85 percent of the recommended intake are categorised 

as ‘extreme’ poor (World Bank, 1987). The percentage of the population who do not receive 

daily calorie intake of 2122 decreased from 92 in 1973 to 47 in 1988. However the absolute 

number of such people has not gone down to that extent: in 1973, 63 million did not receive 

minimum calorie requirement while in 1988 the number was 51.3 millions. The percentage of 

population who can not afford a minimum of 1805 calories a day is fluctuating. The figure fell 

from 48 percent in 1973 to 22 percent in 1985, but rose again to 27 percent in 1988.
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Table 3.3 Income distribution and poverty indicators

1973 1981 1983 1985 1988

Income distribution: % o f  income accruing to:

Bottom 40% 18.3 17.3 18.9 19.3 17.5

Lower middle 40% 38.2 37.3 37.6 35.8 -

Upper middle 40% 26.5 26.3 25.1 24.6 -

Top 5% 16.4 18.9 18.3 21.3 20.5

Poverty incidence: % o f population with daily calorie intake p e r  person

Below 2122 calories 92 73 58 52 47

Below 1805 calories 48 50 38 22 27

Poverty incidence: population (million) with daily calorie intake p er  person

Below 2122 calories 63.0 67.3 54.1 51.2 51.3

Below 1805 calories 32.7 46.1 35.1 21.5 29.9

Source: World Bank, 1993b.

3.2.2 Sectoral Share in GDP and Economic Performance

Agriculture is the predominant sector in the economy accounting for about 37 percent of the 

total Gross Domestic Product (GDP) in 1992. About 58 percent of the employed civilian labour 

force in 1989 was in agriculture. Other sources of employment are manufacturing, transport, 

sales and services. Many of the raw materials for industries are provided by agriculture. The 

climate of the country is suitable for the cultivation of a variety of crops. Rice is the major 

agricultural crop. It is produced in nearly 80 percent of the cropped area. Wheat, tobacco, pulses, 

vegetables and fruits are among other important crops. Jute, sugar cane, tea are the main cash 

crops. Wheat and jute occupy 10 percent of the cropped area. Food grain production increased 

by 2.2 percent during the eighties mainly due to the irrigation and increase in the use of High 

Yielding Varieties (HYV) of rice and wheat. Crops account for 29 percent of GDP, forestry 2.5 

percent, livestock 2.7 percent and fisheries 2.8 percent.
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The share of the industrial sector in the GDP is 10 percent (BBS, 1993a). Jute, textile and 

leather industries have the highest share in total value added from the industrial sector (about 

34 percent) followed by chemical and fertilizer industries (about 18 percent). Contribution of 

large scale industries is about 5 percent and of small scale industries is 3.7 percent (BBS, 

1993a). Over the period 1972-91 GDP grew at a rate of 3.8 percent while agriculture sector grew 

at a rate of 2.1 percent and industry at 4.4 percent over the period 1972-91 (BBS, 1993a). 

Sectoral shares in GDP for the period 1972-91 are presented in Table 3.4. Figures 3.1, 3.2, 3.3 

and 3.4 show the sectoral shares of GDP over time. The share of different sectors in GDP has 

changed over time. As can be seen from Table 3.5 the share of agricultural sector in GDP is 

declining. During 1972-91 the share of agriculture in total GDP declined by 1.6 percent per year. 

Agricultural contribution declined in relation to the increase in share from other sectors. The 

share of industrial sector in GDP increased by 0.6 percent per year between 1972-91, though 

during 1980-85 its share decreased by 1.6 percent per year. The share of power, gas and water 

sector in GDP has increased by 11.2 percent per year while the share of the rest of the sectors 

in the economy increased by 1.2 percent during the same period.
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Table 3.4 Sectoral share (%) of GDP at constant prices (1984 = 100)

Sectors 1972 1982 1991

Agriculture 49.8 44.2 36.9
Crops 37.5 35.1 28.9
Forestry 3.2 2.7 2.5
Livestock 3.8 3.4 2.7
Fishery 5.2 3.0 2.8

Mining and quarrying 0.0 0.0 0.0

Industry 9.0 10.5 10.1

Construction 4.6 4.7 6.1

Power, gas, water and sanitary services 0.2 0.3 1.5

Transport, storage and communication 10.5 10.6 11.8

Trade services 7.4 9.2 9.1

Housing services 8.5 8.1 7.6

Public administration and defence 2.2 2.8 4.5

Banking and insurance 0.9 1.6 1.9

Professional and miscellaneous services 7.0 7.8 10.7

Source: BBS, 1993a.

Table 3.5 Change in sectoral shares over period

Sector 1972-80 1980-85 1985-90 1972-91

Agriculture - 1.4 - 1.3 - 1.9 - 1.6

Industry 1.9 - 1.6 0.6 0.6

Power, gas, water and sanitary 5.1 14.8 16.5 11.2

Other 1.1 1.5 1.1 1.2

Source: BBS, 1993a.

In order to enhance the economic growth a programme of macroeconomic structural adjustment 

was undertaken in Bangladesh in the 1980s. The guidelines of this programme was suggested 

by the World Bank and International Monetary Fund (IMF). Some of the policy measures under 

the programme were denationalization and privatisation, credit control and fiscal discipline,
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reduction of subsidies, financial reform, import liberalisation and tariff rationalisation, flexible 

exchange rate and provision of export incentives.

Despite efforts to modernise and improve the performance of the economy the outcome has not 

been satisfactory. Though the importance of the agriculture sector in the economy has declined 

from about 50 percent in 1972 to 37 percent in 1991 the contribution of industry has not 

increased remarkably. In 1972 the industrial sector contributed 9 percent in the GDP. The 

contribution of industry increased to about 10.1 percent in 1991. Investment and gross savings 

rates are very low. The rate of gross investment in GDP was around 15 percent in the early 

1980s which fell to about 14 percent in 1993 (Table 3.6). Gross domestic savings has increased 

to 7.5 percent in 1993 compared to 0.9 percent in 1975 (Table 3.6). The fiscal and current 

account deficits were reduced from 10-12 percent of GDP in the early 1980s to 5.2 and 2.3 

percent of GDP respectively in 1992 (World Bank, 1993b). Foreign aid is an important funding 

source for funding development activities. Almost 85 percent of the investment is financed by 

external development assistance. Total external debt of Bangladesh went up to around US$ 12.3 

billion which was 55 percent of GDP in 1992 (World Bank, 1993b). The trade deficit seems to 

be persistent, reflecting the country’s heavy dependence on imports. During 1980 the trade 

balance was US$ 1822.3 million in deficit which reduced slightly to US$ 1470 million in 1991 

(World Bank, 1993b).

Table 3.6 Macroeconomic performance

Indicators 1975 1980 1985 1990 1993

Annual GDP growth rate (%) -1.3 1.4 3.9 6.6 4.4

Annual GNP growth rate (%) -2.9 1.9 5.4 6.7 4.5

Rate of inflation (%) 8.2 12.5 10.9 7.2 -

Domestic savings rate (% of GDP) 0.9 2.1 2.0 2.9 7.5

Investment rate (% of GDP) 6.1 14.9 12.9 12.9 13.8

Source: World Bank, 1995b and UNDP, 1993.
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3.3 Natural Resources

The major natural resources of Bangladesh are land, water, fish, forest and natural gas. Land and 

water are essential for agricultural production, forest and fish resources. Natural gas is the source 

of energy. This section discusses the contribution of these resources to the economy.

Land

Land use pattern shows that about 60 percent of the total land is under crop production. About 

20 percent of the land is used for homesteads, cities and settlements. Sixteen percent of the land 

is under forestry. The rest of the land is used for industry, infrastructures and social needs. Land 

use pattern is shown in Table 3.7. Most of the net cropped area is single cropped land (about 

40 percent of the cultivated land). At present per capita net cultivated land is only 0.07 ha. Over 

the period 1961-84 the average farm size has declined from 1.43 ha to 0.91 ha (BBS, 1990). 

Land ownership pattern in the rural area shows that 63.7 percent of the households owns 0-1.0 

acre, 18.4 percent owns 1.0-2.5 acres, 14.4 percent owns 2.5-7.5 acres and only 3.4 percent of 

the households owns 7.5 acres or more land (UNDP, 1993).

Table 3.7 Land use pattern, 1989

Type of use Area (Mha) Percentage

Net cropped 8.6 59.7

Forest 2.3 16.0

Cultivable waste 0.2 1.4

Current fallow 0.5 3.5

Net available for cultivation 2.8 19.4

Total 14.4 100

Source: BBS, 1990.
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Five types of land are found: highland, medium high land, medium low land, low land and very 

low land. High land is 29 percent, medium high land in 35 percent, medium low land is 12 

percent, low land is 8 percent and very low land is 1 percent of the total land area. These land 

types are categorised on the basis of depth and nature of flood. All types of land are inundated 

every year to some extent. Normal flood depth in high land ranges from 0 to 30 cm, in medium 

high land 30-90 cm, in medium low land 90-180 cm, in low land 180-300 cm and in very low 

land the flood depth is above 300 cm (FAO, 1988). Bangladesh has about 500 soil series which 

contain various kinds of landform and hydro-morphic and drainage conditions. From the 

agricultural production point of view soil types are broadly categorised into three types: 

floodplain soils, terrace soils and hill soils. About 80 percent of the land is in the floodplain, 

which comprises 2.85 Mha of coastal and off-shore islands where the cropping intensity is much 

lower than the average intensity of the country. Terrace soils cover 8 percent and hill soils cover 

about 12 percent of the land area. High hills have very steep slopes and are susceptible to 

erosion and land slides during monsoon. Low hills usually have lesser slopes and are mostly 

under plantation crops.

Water

Rainfall, streamflow  and groundwater are the main sources of water supply in Bangladesh. 

Though the average rainfall is between 1200 -3500 mm it can increase to 5000 mm in the north

eastern district of the country. About two-thirds of the total annual rainfall occurs during June 

to September. During dry period (December-April) surface water is inadequate for irrigation and 

fish production. Three main rivers (the Padma, the Brhamaputra and the Meghna) are the major 

sources of streamflow, the most important source of water in Bangladesh. These rivers provide 

about 85 percent of the streamflows. Map 3.2 shows the river system in Bangladesh. Apart from 

three main rivers, two other sources of water are: streamflows in the smaller rivers which is 

formed mainly by the spills from the main rivers and streamflows generated from the outflows 

from groundwater reservoir. During the dry season surface water bodies such as oxbow lakes, 

depressions and ponds play important role in supplying water. The total surface area of static 

water bodies is about 1200 sq km (Ahmad, 1994). Groundwater is contained in the thick deposits
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of alluvium. At present almost 90 percent of the population obtains potable supply from ground 

water. It has been estimated that total available recharge from groundwater is about 25.7 billion 

cubic metre (MPO, 1987).

The use of surface water and groundwater is increasing as the total area under irrigation is being 

expanded. Over the period 1970-90 the area under irrigation has expanded from 12 percent to 

33 percent of the net cultivated area (Chowdhury and Shahabuddin, 1992). During 1970-75 the 

irrigated area using surface water was about 1.18 Mha and groundwater was 0.05 Mha; during 

1985-90 this area increased to 1.11 Mha and 1.22 Mha respectively (Shahabuddin et al, 1994). 

In the rural areas water transport is still important, especially in the rainy season. During rainy 

season the length of waterways is about 8000 km which reduces to less than half in the other 

seasons. Inland water bodies are also the major sources of fish in the country.

Fisheries. Forests and Natural Gas^

In Bangladesh fish is the major source of animal protein providing 70 percent of total animal 

protein consumption. Water area under the inland fishery is 4.3 Mha of which about 4.04 Mha 

(94 percent of total area) are under the open water capture fishery and 0.26 Mha (6 percent of 

total area) are under the closed water culture fishery (Department of Fisheries, 1988). The open 

water capture fishery contributes about 68 percent of total fish production of inland fishery. 

Rivers, estuaries, floodplain, lake and depressions form the open water capture fishery where fish 

are produced naturally. Ponds, oxbow lakes and coastal shrimp farm are part of closed water 

culture fishery which need human intervention for the production of fish. The marine fishery 

contributes 25.7 percent of total fish production. There are about 260 species of fish and more 

than 20 species of prawns and 20 species of fresh water turtles and tortoises in Bangladesh (Ali, 

1994). Fisheries contribute 2.8 percent of total GDP and 6.8 percent of total export earnings 

(BBS, 1993a).

Total area under forests is 2.56 Mha (17.8 percent of total land area). This includes 2.22 Mha

 ̂ D iscussed in detail in Chapters 4, 5 and 6 respectively.
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of classified and 0.34 Mha of private forests. Classified forests comprise of hill forests, 

Sunderban mangrove forests and plainland sal forests. Apart from supplying timber, fuelwood 

and pulpwood, they also provides fish and honey. They are also the shelter for tigers, crocodiles 

and python. The forestry sector accounts for 2.5 percent of total GDP (BBS, 1993a).

Natural gas is an important source of commercial energy. It accounts for 45 percent of total 

commercial energy consumption in Bangladesh. In the total energy consumption natural gas 

contributes about 12 percent. There are 17 gas fields. The reserve of natural gas is 21.35 trillion 

cubic feet (Petrobangla, 1994). The power sector, the fertilizer industry, other industries, the 

commercial sector and the domestic sector are the consumers of natural gas. The power sector 

consumes about 50 percent of the total consumption of natural gas. The fertilizer sector is the 

second largest consumer of natural gas and consumes about 34 percent of the total consumption 

for gas. Though the share of natural gas in the total income of the country is not significant as 

yet (0.36 percent of the total GDP), the potential of this sector is important. If explored and used 

efficiently, natural gas can replace the expensive imported petroleum and save the foreign 

exchange reserve of the country.

3.4 Environmental Problems

The important areas of environmental concern in Bangladesh include declining soil fertility, 

water and air pollution, degradation of natural forests, wetland and coastal environment. The 

causes of environmental degradation can be identified as industrial pollution, excessive use of 

chemical fertiliser, excessive commercial exploitation of natural resources, flood and other 

natural hazards, high population growth and poverty. Some of the factors such as poverty can 

both be a cause and effect of environmental degradation. Poverty leads to exploitation of 

resources which causes degradation of resources. The poor are also the most vulnerable to any 

environmental degradation. Any degradation leads to a worsening of the poverty situation. 

Ignorance, lack of appropriate policies and institutional failure are also the important causes of 

degradation. The remaining parts of this section give a brief overview of the major 

environmental concerns in Bangladesh.
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Soil Erosion

Soil erosion is a serious problem in Bangladesh specially in the hill areas. Chittagong Hill Tract, 

Modhupur Tract are affected by soil erosion. An area of about 808.17 sq km in Moulvibazar and 

Sylhet districts face the problem of soil erosion (Shahabuddin et al, 1994). Increases in cropping 

intensity and cultivation of modem crops have resulted in removal of soil nutrients because of 

uneven replenishment of these. The problem of nutrient deficiency is increasing. About 4.5 Mha 

and 1.75 Mha of land have been identified to be deficient of sulphur and zinc respectively 

(Karim and Iqbal, 1992).

The influx of settlers, clearing of forests, low organic matter, poor soil structure, heavy rainfall 

and inappropriate land management practices contribute to erosion and removal of the fertile top 

soil. The energy crisis in mral areas is reinforcing the degradation of this soil. The twigs, leaves 

and burning wood from trees reduces the amount of organic matter in the soil and also tree 

cover. Extensive use of pesticides also degrade the soil. Research has shown that pesticides 

applied at the rate of one pound per acre contaminate the topsoil to a depth of one foot 

(Rahman, 1994). Waterlogging occurs due to the embankments built to control flood. This can 

induce iron toxicity in the soil. Embankments lead to the siltation of rivers and land within 

poldered areas. Siltation is an acute problem in the district of Khulna.

River bank erosion is also a serious problem in Bangladesh. The Bangladesh Water Development 

Board (BWDB) has estimated that 1200 km of river banks are under active erosion every year 

(BWDB, 1994). The main causes of river bank erosion are the rapid rise and fall in the water 

level, high variation in maximum and minimum discharge, and the rate of sedimentation. River 

bank erosion shifts the channel of the rivers. During the last 200 years the river Jamuna has 

shifted laterally about 19 km and the river Teesta by 17 km (Ahmad et at, 1994). River bank 

erosion also causes land erosion and displacement of people in many parts of the country. It 

affects the ecosystem, navigation, agriculture and drainage system.
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Deforestation

Deforestation has been caused mainly due to greater demand for fuelwood and forest products 

especially in the urban and commercial sectors, conversion of forest land into agricultural land 

and for infrastructural development. Poverty, landlessness, inappropriate forest policies and 

regulation, lack of land use planning and land tenure system also cause deforestation. In many 

parts of Bangladesh deforestation is severe. Sal forests are heavily degraded due to illegal 

felling. In the Sal Forests near Tangail, forest cover is reduced from 1000 hectares in 1970 to 

about 500 hectares in 1990. In less than 35 years, the volume of commercial species, Sundari 

and Gewa*̂  has declined by 40 and 45 percent respectively due to increase in the salinity of 

water resulting form reduced flow from the Ganges and due to deforestation (Task Force, 1991). 

An area of about 85,000 hectare is under shifting cultivation in the Hill Forest reserves 

(excluding Chittagong Hill Tracts) with the engagement of 60,000 families. The encroachment 

problem exists both in the Hill Forest and Sal Forest. Around 12,200 families have encroached 

on 77,000 hectares of forest. Till 1984 the extent of land transfer is about 61,000 hectares (ADB, 

1993). Deforestation in the reserved and unclassified state forests has taken place mainly due to 

logging. Forests are overharvested in the state forests. Underpricing and inefficient use of wood 

products sold to government owned industries and illegal logging by timber merchants are the 

major factors in the mismanagement of forest resources.

Scarcity of fuelwood due to deforestation and lack of alternative energy sources lead village 

people to use animal dung and crop residues as fuel, which could be used as organic fertilizer. 

This results the use of chemical fertilizer on a large scale which degrades the soil quality in the 

long-run and pollutes the ground water and the air. In the urban areas, industrial and domestic 

wastes are used as fuelwood as they are cheaper than other types of fuel. The burning of 

industrial and domestic wastes emit toxic fumes which contribute to pollution.

Sundari and Gewa are the name o f trees.
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Pollution

In the mid 1960s the introduction of High Yielding Variety (HYV) crops initiated the use of 

chemical fertilizers and pesticides. Fertilizer and pesticide use has increased rapidly over the last 

decades in the crop production as well as in the vegetable production. At present, on average

1.6 million tonnes of chemical fertilizers and 3000 tonnes of pesticides are used annually (BBS, 

1991). Mainly urea, triple super phosphate and muriate of potash are used as fertilizer. Pesticides 

are used to control pest. About 70 percent of the pesticides are used on rice production. Almost 

10 percent of the rice yield is destroyed annually by insect pests. Commercial crops such as tea, 

cotton, jute and sugar cane are also treated with pesticides. Intensive agriculture is reported 

degrade the soil resource base (Pagiola, 1995). The trend of fertilizer and pesticide use is shown 

in Table 3.8.

Table 3.8 Chemical fertilizer and pesticides use (000 metric tonnes)

Year Fertilizer Pesticides

1982 968.8 2.5

1983 1130.0 2.9

1984 1260.2 3.2

1985 1192.9 3.7

1986 1372.0 3.9

1987 1579.1 4.2

1988 1726.7 -

1989 1967.4 -

Source: Task Force, 1991; BBS, 1991.

The increase in the use of chemical fertilizer and pesticides pose threats to the environment in 

many ways. The toxicity of fertilizer and pesticides threatens the health of those who are 

exposed to these, particularly the farmers. The use of agro-chemicals can also create health
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problems through pollution of drinking water by residues. The very shallow water table found 

in many parts of Bangladesh makes groundwater vulnerable to contamination. However the 

impact of using chemicals in agriculture is not well documented. The Bangladesh Water 

Development Board (BWDB) surveyed 136 wells throughout the country. Nitrates exceeding 0.5 

|ig/l were detected in 49 out of 136 wells. Ten wells contained nitrates over 20 pg/1 (BWDB, 

1984). This is below the WHO safe drinking water standard of 50 llg/1. National Minor 

Irrigation Development Project (NMIDP) carried out a survey to find traces of pesticides in some 

areas. Traces of pesticide were found only in 10 out of 78 samples. Highest concentration was 

found to be between 20-30 p-g/l (De Zanger, 1995). Though the level of contamination is not 

severe continuous increase in pesticides could contaminate the environment. Nitrates in drinking 

water can cause destruction of blood cells, especially in babies. Pollution from agricultural 

chemicals, industrial and domestic wastes are likely to cause decline in the fish resources. 

Ammonia discharged and leaked from the fertilizer factories on the shore of rivers kills fish. The 

impact of different insecticides and pesticides on fish and aquatic lives are not researched in 

Bangladesh and therefore, data are not available.

Tannery, paper, pulp and jute mills in major industrial cities discharge their waste untreated into 

the water. In addition to that raw sewage and organic wastes are also discharged directly into 

the water. Numerous boats, launches, steamers release diesel and oil wastes that pollute the 

water. Oil tankers and cargo ships come to sea ports of Bangladesh which spill oil and discharge 

wastes. Bangladesh has about 30,000 industrial units of which 24,000 are small and cottage 

industries (BBS, 1994). According to a survey the number of polluting industries generating 

waste water from production operation is over 1200 (MLGRDC, 1986). However, the 

Department of Environment did not account for the actual quantities of specific contaminants 

produced by these industries. With few exceptions industries are not equipped with pollution 

control systems. According to the Economic and Social Commission for Asia and the Pacific 

(ESCÀP) there are 144 industries in Chittagong zone which produce DDT, pesticides, textiles, 

paper, rayon, soap, detergents, chemical and process leather (ESCAP, 1988). These industries 

discharge effluent into the Kamafuli river and estuaries water of the Bay of Bengal. Pollution 

is a problem in the industrial zones of Khulna and industrial areas of Tongi, Ghorasal, Demra,
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Fenchuganj and Chatak also. Ammonia, chromium and other heavy metal are discharged from 

fertilizer and tanneries and phenols from pulp and paper refinery, plastic, pharmaceutical and 

paint industries. The discharge of effluent into the river and estuary are endangering the aquatic 

fauna and flora and the entire aquatic system.

The growth of urban centres and industries has increased the level of air pollution. DOE

monitored suspended particulate matter (SPM), sulphur oxide (SOj) and nitrous oxide (N^O) in 

three locations - Tejgaon (industrial area), Motijheel (commercial area) and Lalmatia (residential 

area) of Dhaka city from January to June in 1990 (DOE, 1990). The results of the monitoring 

show that from January to April (1990) the value of SPM in all the areas exceeded the national 

ambient air quality standard for Bangladesh (see Chapter 7 for details). Vehicular exhausts

appear to be a major contributor to SPM levels. A survey done by the Department of

Environment shows that emissions from 86 percent of the vehicles in Dhaka city exceeded the 

acceptable level of emission in terms of Bangladesh standard and 77 percent of them were found 

to be highly polluting (DOE, 1990).

Salinitv of Water

Tidal effect and reduction of river flow are causing increase in salinity in the coastal areas. An 

area of 1.47 Mha of coastal and offshore areas has saline soils (Ahmad, 1994). Most of this 

saline area are in the Sunderban mangrove (0.62 Mha). In other parts of the country (Comilla 

and Brahmanbaria districts) excessive ground water withdrawal for irrigation is causing salinity. 

Shrimp cultivation in the coastal areas has created a number of environmental problems 

including salinity in water. Shrimp cultivation needs holding of saline water for six to nine 

months in a year. A large area of agricultural land and mangrove forest has been converted into 

saline shrimp ponds. The salinity in the shrimp ponds affects the soil and water system in the 

adjacent land. This results reduction in agricultural production, scarcity of drinking water and 

loss of vegetation, livestock, poultry and fish from other water bodies. Agricultural production 

is reported to decline by 30 percent and scarcity of water, loss of vegetation and grazing land 

have reduced livestock and poultry by 75 percent (Ahmad, 1994). Coastal forests protect land
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and population from cyclone and tidal wave, prevent soil erosion and maintain ecological 

balance and biodiversity. Conversion of mangrove forest into shrimp cultivation ponds have 

severe environmental problems.

Waterlogging

In the south-west parts of Bangladesh waterlogging is severe. It has been reported that the failure 

of concerned agencies to repair damaged sluice gates and other FCDI structures as well as to 

drain out trapped water from 1987-88 floods had resulted in seven upazillas (sub-districts) in 

Jessore and Khulna districts being waterlogged. More than 16,000 ha covering 96 villages have 

been waterlogged for over a decade after the construction of embankments in the area of Beel 

Dakatia in Khulna district (Adnan, 1994). There are many other instances of water logging in 

a number of areas (Adnan, 1994). Embankments constructed under the Flood Control, Drainage 

and Irrigation (FCDI) projects cause waterlogging due to faulty construction and bad design, 

wrong location of sluice gates and drainage system and failure in the operation and maintenance 

of the FCDI projects.

Loss of Wetland

About 50 percent of the area in Bangladesh are wetland. These wetland are seasonally flooded 

swamp areas such as oxbow lakes and depressions. More than 50 percent of fish are produced 

in wetland. Wetland reduce the flood level by storing excess water and help maintain the eco

system. They are also the habitats of rare flora and fauna. Wetland are being converted into 

agricultural area. The extent of wetland loss is not estimated but concern has been expressed on 

the loss of wetland which can reduce the quantity of capture fishery and lead to the extinction 

of biodiversity (for example, in Shahabuddin et al, 1994 and in Ahmed et at, 1994).
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Natural Hazards

Flood, cyclone and drought are the permanent natural disasters in Bangladesh. Every year about 

26,000 sq km area (18 percent of the total land) is flooded. During severe floods this can rise 

to more than 80,000 sq km (more than 55 percent of the total land). Unplanned construction of 

rural roads and embankments for flood control aggravates the flood situation. During monsoon 

about 775,000 Mm^ of water flow into the country through the three main rivers and about 

184,800 Mm^ streamflows are generated by the rainfall. In 1987 and 1988 most severe flood in 

the history of Bangladesh had occurred when 54,390 sq km (37.7 percent of the total land) in 

1987 and 83,994 sq km (58.3 percent of the total land) in 1988 were flooded (Nazem, 1988).

Though excess water becomes a problem at times, some parts of the country suffer from lack 

of water during the pre-monsoon and post monsoon period. About 6 percent of the total area is 

the most drought prone area.

Coastal areas are attacked by cyclone and tidal surge almost every year during pre-monsoon and 

post-monsoon periods. The damage by cyclone can be massive. Households and infrastmctures 

are demolished by the high wind speed. There could be heavy rainfall which causes flash flood 

and land slides. Coastal areas are damaged and eroded due to rough sea during cyclone. High 

tidal surges also cause loss of human lives, livestock, destruction of property and damage 

agricultural and industrial production. In 1991 coastal areas in Bangladesh were hit by a severe 

cyclone with a wind speed of 225 km per hour. The height of tidal wave was 10 metres. The 

estimated loss due to 1991 cyclone is TK 42 billion (BBS, 1992).

Sea Level Rise

There is some evidence of a trend towards warming of the earth’s surface due to the effects of 

various greenhouse gases (GHG). GHG includes carbon dioxide (CO^), nitrous oxide (N^O), 

methane (CHJ, tropospheric ozone (O3) and chloroflurocarbon (CPC). Global warming could 

raise sea level by expanding ocean water. Attempts have been made to estimate the damage from
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sea level rise (SLR). The Intergovernmental Panel on Climate Change (IPCC) has estimated 

under "business as usual", actual global warming would amount to 4.20 centigrade by the year 

2100. The IPCC working group’s central estimate for the corresponding SLR is 66 cm (IPCC 

1990). The IPCC has projected the rise in sea level from 30 to 110 cm by the year 2100, largely 

based on the assumption that Antarctica will be a net sink for SLR as increased snowfall will 

more than offset any increase in melting (IPCC, 1990).

The consequences of SLR are of great concern for low - lying countries served by large rivers 

and inhabited by large human populations which lack the resources to implement appropriate 

responses. The effects of SLR will be:

(a) increased rates of coastal erosion;

(b) loss of coastal vegetation and habitats;

(c) intrusion of salt into groundwater systems and coastal ecosystems

(d) temporary and permanent flooding;

(e) storm surges.

These effects will in turn have negative impacts on agriculture, water resources, commercial and 

residential property, energy and transportation system and human health. The extent of SLR and 

its impact on the economy and people of Bangladesh have been estimated by a number of 

studies. Milliman et al (1989) estimated the impact of SLR under three scenario - best case, 

worst case and really worst case. This study estimates that sea level rise in Bangladesh would 

be between 13 and 209 cm by the year 2050 and between 28 to 447 cm by the year 2100. 

Mahtab (1989) examined the impact of 1 metre rise in sea level by 2050 and estimated that 

22889 sq km land will be inundated which comprises 15.8 percent of the total area of the 

country. A considerable amount of area will be affected by high salinity penetration due to SLR. 

A very rough assessment indicates that with 1 metre SLR the area of high salinity intrusion will 

increase from existing area of 13 percent to 32 percent of the total land area. Mahtab’s study 

also shows that about 10 percent of the total population of the country will be displaced due to 

1 metre SLR. Broadus et al (1986) finds that 12 percent and 30 percent of the total land of
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Bangladesh will be lost due to 1 metre and 3 metre SLR respectively. A more recent estimate 

shows that the land loss will be 17.5 percent and 28.7 percent due to 1 metre and 3 metre SLR 

respectively (Huq et al, 1994). This study shows that 11.44 million (11.1 percent of the total 

population) will be affected due to 1 metre and 22.21 million (21.5 percent of total the 

population) will be affected due to 3 metre SLR. Main results from different studies are 

presented in Table 3.9.

Table 3.9 Impact of SLR estimated by different studies

Studies
Area (%) affected by Population (%) 

affected by
GDP loss (%)

1 metre 
rise

3 metre 
rise

1 metre 
rise

3 metre 
rise

1 metre 
rise

3 metre 
rise

Broadus et al, 1986 12 30 - - - -

Mahtab, 1989 16 - 10 - 13 -

Milliman et al, 1989 16-18 26-34 13-15 27-35 10-13 22-31

Ali and Huq, 1990 17.5 28.7 11.1 21.5 - -

Source: Broadus et al, 1986; Mahtab, 1989; Milliman et al, 1989; Huq et al, 1994.

The above mentioned studies overestimate the extent of SLR. Latest study reveals that mean 

local temperature in Bangladesh may rise by 1.5 degree Celsius to 1.8 degree Celsius by 2050 

which will lead to a SLR by 30 centimetre and increase annual rainfall (Ahmad et al, 1994).

3.5 Environmental Policies in Bangladesh

In the past, environmental issues received little attention in Bangladesh. In the national 

development plans the issue of environmental and natural resource management received low 

priority. The gradual increase in concern for the environment in recent years was reflected in the 

establishment of a separate Ministry of Environment in 1989, declaring 1990 as the Year of 

Environment and the 1990s as the Decade of Environment. The Fourth Five Year Plan (1990-95) 

identifies the major environmental problems faced by the country, reviews the past performance 

of the government in this area and outlines objectives and strategies to improve the 

environmental situation (GOB, 1990). The Plan describes its aim as one of controlling and
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preventing environmental pollution and degradation related to soil, water and air; to promote 

environment friendly activities in the development areas; to preserve, protect and develop the 

natural resource base; to strengthen the capabilities of public and private sectors to manage 

environmental concerns as a basic requisite for sustainable development; and to create peoples’ 

awareness for participation in activities to improve the environment. According to the Plan the 

objectives will be achieved through the following strategies:

improvement of institutional infrastructure;

preparation of regional environmental development plans;

development of technological capability for environmental impact assessment;

human resource development and research programmes;

study and preparation of action programmes for clean up of polluted rivers;

development of appropriate environmental quality standards for industry;

public awareness creation programmes;

promotion of improved oven-stove in the country;

conducting environmental impact-related studies;

updating existing environmental laws and formulating new laws;

setting up a laboratory for marine environment surveillance;

study of mangrove ecosystem.

Recently, a National Conservation Strategy (NCS) has been formulated with the assistance from 

the International Union for Conservation of Nature and Natural Resources (lUCN) which 

provides guidelines for conservation and sustainable use of resources (Rahman et al, 1994). 

Initiative has been taken to have a National Environment Management Action Plan (NEMAP). 

The draft report of NEMAP has identified a number of critically degraded areas which need 

immediate policy measures. NEMAP has prescribed policies in line with the Fourth Five Year 

Plan. Suggestions are made to strengthen institutions with legal power, proper training of human 

resources, setting up management mechanisms for pollution abatement, strengthen institutional 

capabilities in planning and management and create awareness among people in conservation and 

management of the environment. Though the Fourth Five Year Plan and NEMAP have addressed
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a number of environmental issues, the valuation of natural resource and environmental 

degradation has not been emphasised.

There are a few environmental laws in Bangladesh. However, most of the existing environmental 

laws in Bangladesh were designed before independence. These ordinances were taken before the 

environmental problem became serious and need to be updated. These include the Factories Act 

of 1965, the Forestry Act of 1927, Water Pollution Control Ordinance of 1973, the 

Environmental Pollution Control Act of 1974, Motor Vehicle Ordinance of 1939 (modified in 

1983) and Pesticides Ordinance of 1971.

The Department of Environment (DOE) is responsible for the enforcement of legislation related 

to the discharge of industrial and other sources of pollutants and for monitoring environmental 

quality. Responsibilities for management of forests, fisheries, natural gas and agricultural land 

lie within the individual department and ministries.

At present though the country has a preliminary environmental policy (NEMAP), the 

implementation of these policies is constrained by a number of factors. These factors and 

prescriptions for implementing environmental policies are discussed in Chapter 9.

3.6 Conclusions

The discussion in this chapter shows that the economy of Bangladesh is very much dependent 

on the productivity and quality of soil, water, forests, fisheries, natural gas and other 

environmental resources. These resources are limited and there is a strain on them. 

Environmental problems are being created due to the overexploitation of these resources. This 

may have serious implication on the sustainability of the economy and on human well-being. 

The following chapters of this thesis will examine this issue by estimating depreciation and 

degradation costs of environmental resources.
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Figure 3.1 Sectoral Share in GDP, 1972
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Figure 3.3 Sectoral Share in GDP, 1991
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MAP 3.2
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Chapter 4 

D e p r e c ia t io n  o f  F is h e r y  R e s o u r c e s

4.1 Introduction

In Bangladesh nearly 50 percent of the total land surface is composed of wetland (All, 1991). 

There are about 230 rivers which are tributaries and branches of three big rivers (the Padma, the 

Meghna and the Jamuna). Rivers have extensive floodplain along both banks of their courses. 

The floodplain water area is about 2.8 Mha (Department of Fishery, 1988). Floodplains remain 

inundated with flood water during monsoon (June - September) season. The country also has 

deep depressions (locally termed as beels), oxbow lakes (local name boar), a number of man- 

made ponds and a man-made lake called Kaptai Lake. Kaptai lake has an area of 68,800 

hectares. The coastline of the country is about 480 km long (Department of Fisheries, 1986). 

About 35 percent of the total area in Bangladesh is under water almost 5-6 months a year.

The water body in Bangladesh is suited for the production of fish, the most important resource 

of the freshwater ecosystem. Bangladesh ranks third among the world’s largest inland fish 

producing countries. China and India rank first and second respectively. Fish is the major 

contributor of animal protein consumption in Bangladesh. The fishery sector is a source of 

income and employment to a large community in the rural area. Its contribution in total GDP 

is about 3 percent (BBS, 1993a). It is also important for its export potential.

Though fish is a renewable resource and Bangladesh has extensive water body to produce fish, 

unlimited exploitation of the resource can reduce its future yield and can cause extinction 

ultimately. Overfishing has been reported in a few studies. Tsai and Ali (1985, 1987) presented 

evidence that major carp stocks in beels were being severely depleted by overfishing. Heady et 

al (1995) found that in the north-eastern district of Bangladesh fish are nearest to being 

overexploited and some species of fish have suffered from overfishing. Substantial proof of the 

overexploitation pattern is, however, absent in the literature.
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In this chapter an estimation of depreciation of fisheries sector is done for pond, shrimp,

subsistence and trawl fisheries (section 4.3). In view of the general perception that fish are being

overexploited it would be interesting to know whether fisheries in Bangladesh have exceeded 

the level of maximum sustainable yield (MSY). The MSY for the whole fisheries sector is not 

possible due to lack of information and therefore, the MSY for the marine fisheries is examined 

in section 4.4. A brief discussion on various aspects of fisheries sector in Bangladesh is 

presented in section 4.2.

4.2 Fisheries Sector in Bangladesh

4.2.1 Production and Consumption

There are about 260 species of fish (Nuruzzaman, 1995). The available fish species can be 

broadly grouped into five broad categories - hilsha, carp, catfish, prawns and others^. During 

monsoon floods, population of all fish and prawn species increase both in numbers and in 

biomass. They occupy all the available niches in the expanded aquatic habitat produced by the 

monsoon floods.

Fisheries in Bangladesh fall broadly into four categories:

(i) inland capture (open water)

(ii) inland culture (closed water)

(iii) marine industrial or trawl fishing

(iv) marine artisanal or small scale fishing

The inland fishery is the main source of fish production which comprises about 70 percent of 

total fish production. In 1988 the area under inland fisheries totalled 4,307,974 hectares and total 

catch was 607,645 tonnes, implying a yield of 141 kg per hectare. In Table 4.1 water areas under 

different inland water bodies are shown.

’ English names of some species o f fish are presented in Appendix A  1.1
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Within the inland fishery, the contribution of the open water capture is higher than that of the 

closed water culture. Inland open water fisheries are natural systems. The biological cycle of 

these fish depends on the nature and there is no human intervention in the reproduction cycle 

and growth of fish. The inland open water consists of rivers and estuaries, Sunderban mangrove, 

depressions, Kaptai Lake and floodland (Table 4.1). The floodplain fishery is the main 

component of inland open water capture fishery. Floodplains are low-lying areas, flooded 

seasonally by rivers. Total area under the inland open water capture fishery is 94 percent of total 

inland fishery area. Total production in the inland open water fishery in 1991 was 484,220 

tonnes (Department of Fisheries, 1991) which was 68 percent of total inland fish production and 

50 percent of total fish production (inland plus marine).

Ponds, oxbow lakes and shrimp farm fall into the category of the inland closed water fishery. 

The pond fishery and the coastal aquaculture are main sources of the inland closed water fishery. 

There are about 1.3 million ponds (BBS, 1990), covering an area of 146,890 hectares. The 

coastal aquaculture consists primarily of brackish water shrimp farming. An area of 108,280 

hectares is under shrimp culture in the southern part of Bangladesh. Total area under the inland 

closed water fishery is 260,658 hectares (6 percent of total fisheries). In 1991 total capture in 

the inland closed water fishery was 225,520 tonnes which was 32 percent of total inland fish 

catch and 23.6 percent of total (inland plus marine) fish production (Table 4.2).

Marine fisheries comprise 25.7 percent of the total fish production (1991). Total fish production 

in 1991 was 245,470 tonnes. The share of trawl fishery is very small: only 3.9 percent in total 

marine fisheries and 1 percent in total fish production (1991). Main production in the marine 

sector is performed by mechanised and non-mechanised small boats. Table 4.2 shows the 

production and percentage share of fish from different sources. In Figure 4.1 the production 

trend of different fisheries is shown.
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Table 4.1 Water area under different fisheries in Bangladesh

Source Water Area (ha)

A. INLAND WATER 4,307,974

(a) Inland Open W ater (Capture) 4,047,316
(1) River and Estuaries 1,031,563

(2) Sunderban Mangrove -

(3) Depression (Beels) 114,161

(4) Kaptai Lake 68,800

(5) Flood Land 2,832,792

(h) Inland Close water (Culture) 260,658
(1) Ponds 146,890

(2) Ox-bow Lake (Baors) 5,488

(3) Shrimp Farm 108,280

B. MARINE FISHERIES -

(a) Industrial -
(b) Artisanal -

Source: Department of Fisheries, 1988.

Over the period 1983-91 the inland capture fishery has increased at the rate of 0.3 percent per 

year, the inland culture fishery at the rate of 8.5 percent and the marine artisanal fishery has 

increased at 5.8 percent a year. However, the marine industrial (trawl) fishery has declined at 

5 percent per year. Table 4.3 shows the annual increase in fish production over the period 1983- 

91.

The average yield per hectare in the inland capture fishery is much lower than those of the 

culture fishery. The reason is that the yield of the inland capture fishery is based on natural 

stocking and feeding. On the other hand, the inland culture fishery is looked after by the private 

owners who try to maximize profit from fishing. During 1983-88 the average fish yield has 

declined in the inland capture fishery but the average fish yield has increased in the inland 

culture fishery. Yield in total fishery has increased marginally over this period (Table 4.4).
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Table 4.2 Fish production from diHerent sources (000 metric tonnes)

Source 1983 1984 1985 1986 1987 1988 1989 1990 1991

A. INLAND WATER 588.62 586.42 586.52 597.11 599.52 607.65 616.46 654.40 709.74
(78.0) (75.8) (73.9) (73.3) (72.5) (72.2) (72.1) (73.0) (74.3)

(a) Inland Open Water (Capture) 471.60 462.61 441.80 431.01 423.60 424.14 423.87 443.40 484.22
(62.5) (59.8) (55.7) (52.9) (51.2) (50.4) (49.5) (49.5) (50.7)

(1) River and Estuaries 207.78 213.16 199.60 195.12 183.82 181.14 173.41 135.36 131.29
(2) Sunderban 7.78 6.83 7.11 6.04 8.07 6.42 6.39 6.65 6.30
(3) Depression (Beels) 51.37 45.89 45.26 42.08 45.61 47.02 46.60 47.92 49.20
(4) Kaptai Lake 4.06 2.70 2.43 3.98 4.07 3.44 3.71 4.39 4.22
(5) Flood Land 200.62 194.13 187.40 183.80 182.04 186.13 193.76 249.08 293.21

(b) Inland Close water (Culture) 117.03 123.81 144.72 166.10 175.93 183.51 192.59 210.99 225.52
(15.5) (16.0) (18.2) (20.4) (21.2) (21.8) (22.6) (23.5) (23.6)

(1) Ponds 107.94 111.57 123.80 142.88 149.42 155.01 163.73 181.02 193.69
(2) Ox-bow Lake (Baors) 0.86 0.96 0.97 1.17 1.25 1.32 1.36 1.54 1.68
(3) Shrimp Farm 8.22 11.28 19.95 22.05 25.25 27.17 27.51 28.43 30.15

B. MARINE FISHERIES 164.88 187.56 207.40 217.58 227.58 233.28 239.06 241.54 245.47
(22.0) (24.2) (26.1) (26.7) (27.5) (27.8) (27.9) (27.0) (25.7)

(a) Industrial 14.50 12.44 11.90 12.36 10.40 10.35 11.38 8.76 9.62
(b) Artisanal 150.38 175.12 195.50 205.22 217.19 222.93 227.68 232.78 235.85

COUNTRY TOTAL 753.50 773.98 793.92 814.69 827.11 840.93 855.53 895.94 955.21

Note: Figures in the parenthesis are shares (%) in total fish production.

Source: Department o f Fisheries, 1983-91.
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Table 4.3 Annual increase in fîsh production (%)

Source 1983 - 91

Total Inland 2.4

Inland open water capture 0.3

Inland closed water culture 8.5

Total Marine 5.1

Marine industrial (trawl) - 5.0

Marine artisanal 5.8

Total 3.0

Source: Table 4.2

Table 4.4 Trends in average fish yields in the inland fishery (kg/ha)

Sources 1983 1984 1985 1986 1987 1988

Inland Capture 117 114 109 106 105 105

River and Estuaries 209 213 200 195 186 176
Floodplain 71 69 66 65 64 66
Beels 450 402 396 369 399 412
Kaptai Lake 59 39 35 58 59 50

Inland Culture 573 572 604 693 714 704

Ponds 735 760 843 973 1017 1055
Baors 157 175 176 214 228 241
Shrimp farms 159 176 229 253 269 251

Inland Total 138 138 137 139 140 141

Source: Department of Fisheries, 1988; World Bank, 1991.
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Fish is an important source of protein in Bangladesh. It contributes about 80 percent of the per 

capita animal intake in the diet of people. During 1973-85 average per capita intake of fish in 

Bangladesh has increased by about 2.5 percent per year. Though fish is produced in the rural 

area the per capita consumption is higher in the urban area than the rural area (Table 4.5). In 

the rural area the increase was about 2.1 percent per year while in the urban area the increase 

was 4.2 percent per year. The lower rate of increase in fish consumption in the rural area is due 

to the lower purchasing power of the rural people and greater demand in the urban areas. Table

4.5 and Figure 4.2 show the consumption of fish in Bangladesh.

Table 4.5 Average per capita intake of fish by area (per day in gram)

Year Rural Urban Bangladesh Rural/Urban
Ratio

1973 26.96 27.90 26.96 0.97

1981 26.68 34.99 27.90 0.76

1983 28.55 39.00 29.76 0.73

1985 34.70 46.00 36.10 0.75

Source: World Bank, 1991.

4.2.2 Contribution to the Economy

Income

Total income from the fishery sector was TK 13.8 billion in 1972 (1984 = 100) and increased 

to TK 14 billion in 1991 reflecting a growth rate of 0.37 percent annually over the period 1972- 

91. However, the share of income from the inland fishery is declining. In 1972 the inland fishery 

contributed 94 percent and the marine fishery contributed 6 percent to the total fishery sector 

GDP; in 1991 the contribution was 84 percent and 16 percent respectively. Table 4.6 shows the 

GDP of fisheries sector. The share of value added by fisheries sector in total GDP has come
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down to 2.8 percent in 1991 from 5.2 percent in 1972. The share of the fishery sector income 

in the agriculture sector has also decreased from 10.5 percent in 1972 to 7.5 percent in 1991. 

Table 4.7 shows the trend of growth of fishery income over time. Over the period 1972-80 

fisheries sector experienced a negative growth of -2.67 percent per year. Inland fisheries grew 

at a negative rate during 1972-91. Figure 4.3 shows the GDP from fisheries sector and Figure 

4.4 shows the percentage share of fisheries in total GDP and in the agriculture sector.

The contribution of fisheries sector in total export earnings of the country is increasing. Seafood 

exports have emerged as one of the fastest growing sources of foreign exchange earnings. The 

contribution of fisheries sector in total export earnings was 5.9 percent in 1980 which has 

increased to 6.8 percent in 1991. Main seafood items are frozen shrimp, frozen frog legs and 

frozen fish. Frozen shrimps account for 82 percent of the value of all seafood exports (BBS, 

1993a).

Employment

Fisheries sector provides employment to a large number of rural people. Four types of fishermen 

are involved in fishing: (i) professional fishermen: who earn their livelihood entirely from fishing 

(ii) part-time fishermen: who fish for only part of the year to supplement their income; they are 

engaged in other employment, for example, in agriculture for the rest of the period (iii) 

subsistence fishermen: who fish occasionally for subsistence rather than income, and (iv) fish 

farmers: who own ponds and operate fishing activities. About 2 million people are employed in 

fisheries sector on a full-time basis. This is 7 percent of the total employment of Bangladesh 

(World Bank, 1989). About 1.2 million people are engaged in full-time commercial fishing. 

Others are employed in fish transportation, processing and marketing.
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Table 4.6 Value added by fisheries sector (1984 = 100)

Year GDP

Fishery (Tk bn)

Share (%) of Fishery 

in Total GDP

Share (%) of Fishery 

in Agriculture

1972 13.80 5.2 10.5

1975 13.85 4.7 9.6

1980 10.51 3.0 6.7

1985 12.41 2.9 7.0

1991 14.80 2.8 7.5

Note: GDP from Agriculture and total GDP are given in Appendix A1.2. 

Source: BBS, 1993a.

Table 4.7 GDP growth rate in fisheries sector (% per year)

Period Marine Inland Total

1972 - 1980 4.63 -4.05 -2.67

1980 - 1985 10.62 2.26 2.67

1980 - 1991 6.28 2.67 2.64

1972 - 1991 5.58 -0.22 0.34

Source: BBS, 1993a.

4.2.3 Fisheries Management

Proper management of fishery is important for various reasons: (i) provision of cheap protein 

(ii) poverty alleviation through employment creation and income generation (iii) maximisation 

of economic yield (iv) maintain the quality of fish export (v) efficient and equitable distribution 

of benefits among the fishing community. The Fourth Five Year Plan (1990-95) of Bangladesh 

considers fisheries as a priority sector to generate additional employment opportunities and to
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alleviate rural poverty (GOB, 1990).

There are more than 10,000 registered water bodies (locally called jalmahals) in the inland 

fisheries of Bangladesh (Nuruzzaman, 1995). In the inland fishery two types of management are 

operational: (i) leasing system (ii) licensing system. Under the leasing system the lessee has 

control over the water body. The management of water body becomes the responsibility of the 

leaseholder. The lease is usually given for about 3 years. The lessee decides who can fish in the 

water body with what gear and how long. The fisherman has to give a toll to the lessee for 

access to the water body. The leasing system is administered by the Ministry of Land (MOL). 

Leasing of water bodies applies only to the period of the year when the individual river and beel 

fisheries are demarcated from other fisheries by land. During the monsoon when a large area of 

the country is covered by water, the leasing system does not exist and it is difficult to enforce 

private access rights to geographical boundaries that no longer exist. During this period there 

is open access to all fishermen on the inundated floodplain with no fishing fees payable although 

leasing fees for water bodies are paid annually. The floodplain is the only common property in 

the fishery sector. Beels under 1.2 hectares are not leased out. Local communities are allowed 

to fish for subsistence purpose.

In the leasing system fishing activities are performed by teams. The size of the team is 

determined by the size and type of net and boat, length of the fishing season and availability of 

funds. The team leader usually owns nets and boats. The role of the team leader is to organise 

and guide the team. The crew of the boats are appointed by him. The return to the members of 

the team is determined by the ownership of fishing nets. The net owner gets the larger share of 

the value of catch. Fishing teams derive rights to fish in a water body through payment of a toll 

to the lessee of the water body, either in the form of cash or a share of the catch. The lessee can 

be an individual or a group of individuals.

Recently, the government has taken a decision to extend the leasing period from 1 - 3  years to 

7 - 8  years. The reason behind this decision is that it will encourage the lessee to conserve the 

fish and invest for the improvement of fisheries. The longer leases will only be given to lessees
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who have had their development plans approved by the Department of Fisheries.

In 1986 New Fisheries Management Policy (NFMP) was introduced to deliver the maximum 

benefits to the actual fishermen. Under NFMP access to fishing rights is given only to genuine 

fishermen. This is done through a process of selection and issuing fishing license to listed 

fishermen. For large water bodies license is given to cooperatives and associations of fishermen. 

In the licensing system rights over water bodies are transferred directly to the fishermen for one 

or more years. The argument given by the Department of Fisheries in favour of the licensing 

system is that the leasing system is inefficient and inequitable. The leasing system leads to over 

exploitation of fish. Leaseholders try to maximise their rent. Fishermen also try to maximize fish 

catch so that they can have enough for themselves after paying the share of income to the lessee, 

middlemen, money lenders and government revenue collectors.

NFMP aims at gradual replacement of existing leasing system by giving license to the genuine 

fishermen. But the process of transfer is very slow. So far only 264 water bodies out of about 

10,000 are brought under the licensing system (Heady et al, 1995).

Under the NFMP the role of non-governmental organisations (NGO) has become important. 

NGOs form groups of fishermen and provide training and credit to the groups. NGOs are 

involved to develop social awareness among the fishermen so that the water body is managed 

properly and for the benefit of all. A number of groups who are supported by NGOs has 

obtained license to water bodies under the NFMP.

The marine fishery sector lacks proper management policy for conservation of the marine fishery 

resources. The Fisheries Ordinance 1983 made provisions for the management, conservation and 

development of marine fisheries only for water deeper than 50 metres. All trawlers are required 

to obtain a fishing license to fish in the sea within the territory of Bangladesh (Bay of Bengal) 

for a year on payment of requisite fees. Each trawler has to take pre-sailing permission for each 

and every voyage from the Directorate of Fisheries. The area of the sea up to 50 metres depth 

are reserved for small scale fisheries. There is no specific regulation on small scale fishing in
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the Bay of Bengal.

The overexploitation of fish stocks can be controlled by (i) limiting the size of fish caught, and 

(ii) limiting the total number of fish caught by restricting the fishing effort. The effectiveness 

of these regulations depend on the enforcement capability of the management agency. The 

Department of Fisheries has set a few fishing restrictions to control the problem of overfishing. 

These are:

mesh sizes of less than 4.5 cm (stretched diagonally) are not allowed; 

major carps less than 23 cm long can not be caught; 

monofilament of gill net is prohibited; 

de-watering of land for fishing is prohibited.

Such regulations have never been seriously enforced (Tsai and Ali, 1985). As a matter of fact, 

in developing countries where resources are limited it is difficult to enforce such regulations. 

Community management and empowerment of fishermen could be useful in enforcing the 

regulations to limit overexploitation.
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4.3 Depreciation of Fisheries

As discussed in Chapter 2 the depreciation of natural resources is equivalent to the total 

economic rent of the resource multiplied by the total quantity extracted. Renewable resources 

have a natural growth. So the rent should in fact be multiplied by the net change of the resource 

i.e. growth, net of harvest (g - H) of the resource. If g is greater than harvest then there will be 

an appreciation of the resource and if g is smaller than H, there will be a depreciation of the 

resource.

In the case of fishery, the stock of the resource in a period of time depends on three factors: (i) 

growth (ii) natural mortality and (iii) unnatural mortality i.e. harvest or yield. One year’s stock 

is equal to the previous year’s stock plus the growth in stock minus catch (harvest), i.e.

’t+i + gt - H, (4.1)

g = G - M (4.2)

where,

Sj+i = stock of fish in time t+1

S, = stock of fish in time t

gt = net growth (in weight) of fish in time t

Hj = harvest (unnatural mortality) of fish (in weight) in time t

G = natural growth (in weight) of fish

M = natural (in weight) mortality of fish

Therefore, depreciation of fish is equal to:

= (P - C)(G - M - H) (4.3)

where,

P - C = resource rent
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The estimation of growth and mortality of fish is difficult and complex. Fish have several 

species. Different species have different rates of growth and mortality. Some fish grow faster 

than the others. For example, there are evidence that large major carps are slower growing than 

most of the floodplain fish including large, predator snakeheads and smaller more omnivorous 

species (Pauly, 1980). Natural mortality rates depend on the environment in which different fish 

live. Different abilities of fish to survive in unsuitable conditions (such as dry, oxygen poor 

conditions) may also suggest that one fish may have a very different mortality to another fish 

of similar type and size. It has been observed that natural mortality rates tend to be higher for 

fast growing fish in warm water and lower for fish growing to large sizes (Pauly, 1980).

Moreover, estimation of growth and mortality of fish requires the assessment of fish stock. A 

complete and reliable assessment of fish stock is difficult because fish live in various types of 

water bodies (for example, river, pond, beel etc). They can move frequently from one place to 

another. So assessment of fish stock in a particular water body in a particular point of time may 

give misleading information.

Due to these complexities and lack of information on growth (G) and mortality (M) of fish, net 

growth (g) is taken to be zero in this study. The basis behind this assumption is that the natural 

growth is offset by natural mortality i.e. G = M. Therefore, depreciation in fishery is equal to 

the rent multiplied by the catch of fish:

DEPfî hery = (P - C) X H (4.4)

In fishery, the economic rent is the difference between the total revenue yielded by fishing effort 

and the cost of fishing effort. Effort is a combination of factors of production for example, 

capital, labour, materials and energy. These inputs are used to yield an aggregate measure of 

effort, e.g. man hours per trawler over 50 feet in length or seiner nets per person per trawler. 

Costs include variable and fixed costs. Variable costs are the operating costs which consist of 

fuel, minor repair, maintenance, labour, food and other miscellaneous expenses. Fixed costs 

include a fee which fishing units have to pay to obtain or renew their fishing rights. Major repair
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and maintenance expenses are incurred once or twice in a fishing season.

To calculate the economic rent, revenues and costs should be estimated. Data on fish catch and 

prices of fish are collected by the Department of Fisheries which can be used to derive revenue. 

But it is not easy to get information on costs. Available data on costs are of a particular area and 

may not necessarily be the same for all other places of the country. Costs will vary with the 

availability of fish, employment situation, income potential and on the overall economic 

condition of the area. However, in the absence of any first hand data fishing costs are calculated 

on the basis of existing data. Estimation of pond fishery and shrimp farm is based on two studies 

carried out in 1987 and 1989 respectively. The depreciation of subsistence and trawl fisheries 

is calculated partly on the basis of second hand data and partly on the basis of first hand data.
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4.3.1 Depreciation in the Pond Fishery

Pond fishing accounts for about 25 percent of total fish production (Table 4.2). Production costs 

of pond fisheries include costs for fingerlings, fertilizer, feed (rice bran, oil cake), predator

control, disease treatment and labour charges. Production costs and returns from pond

aquaculture have been calculated by DANE)A* in 1987. The study was carried out in 

Mymensingh district. Estimated production costs are TK 26,413/ha. In addition to these costs 

there is a cost for harvesting which is TK 17,500/ha. Harvesting cost is the cost of catching fish.

Gross revenue from pond fishery is estimated to be TK 87,500/ha which implies that the rent 

is TK 43,587/ha (revenue minus production costs). This implies that the rent is 50 percent of the 

total revenue. These estimates overstate rent as land costs are not included. Average land rent 

in 1987 was about TK 10,000/ha in Mymensingh (BBS, 1988). Adjusting the rent by deducting 

land cost, a rent equal to TK 33,587/ha is obtained. This is 38 percent of the revenue from the 

pond fishery. Revenues, costs and economic rent from pond fisheries are presented in Table 4.8.

The total depreciation in the pond fishery (DEPp^^j) is calculated in the following way. The 

resource rent per ha is converted to the rent per kg of fish catch. The rent per kg is then

multiplied by the total catch of pond fish in a year.

Rent per ha

Total catch of pond fish (1987) 

Total area under pond fishery 

Catch per ha 

Rent per kg 

DEPp„„,

TK 33,587 (from Table 4.8)

149,420 tonnes or 149,420 x 1000 kg

146,890 ha

1017.2 kg"

TK 33'°

TK 33 X 149420 x 1000 

TK 4.93 billion

** Danish aid agency working in Bangladesh.

" 149,420 X 1000 kg -  146,890 ha = 1017.2 kg/ha

10 TK 33,587 -  1017.2 kg = TK 33/kg
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Using deflators for fisheries sector (given in Appendix A1.3) depreciation for other years is 

calculated in Table 4.12.

Table 4.8 Economic rent from pond fisheries, 1987 (TK/per ha)

TK/Pond TK/ha

Gross Revenue 13,125 87,500

Production Costs

Fingerlings 400 2,667

Fertilizer 557 3,713

Feed 1,680 11,200

Predator Control 375 2,500
Disease Treatment 150 1,000

Labour Charges 800 5J33

Total Production Costs 3,962 26,413
Harvesting Costs 2,625 17,500

Land Costs - 10,000
Total Costs - 53,913

Economic Rent
Economic Rent as Percentage of Gross Revenue

33,587
38%

Source: Based on the estimates by DANIDA, 1987.

4.3.2 Depreciation in the Shrimp Farm

Shrimp farms account for 5 percent of total catch. Shrimps are cultured in coastal areas (Khulna 

and Cox’s Bazar). Though the share of shrimp is not high but it an important sector because of 

its export potential.

An analysis of costs and returns for shrimp culture in Cox’s Bazar district shows that the net 

economic return is TK 5030/ha. Gross revenue is TK 20,748/ha. Total production cost is TK 

15,718/ha (Rahman, 1989). Production costs include capital cost, equipment cost, leasing cost 

and operating cost. Expenditures on fry, labour, fertilizer and other variable costs are part of the
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operating cost. Expenditures on dykes and earth cutting, sluice gate, office and guard shelter, 

boat, net and machinery are part of equipment and capital costs. Apart from these costs there 

is a leasing cost of for the water body. The operating cost is about 39 percent of total production 

cost. The economic rent for 1989 is presented in Table 4.9.

Table 4.9 Economie rent from shrimp fishery in Cox’s Bazar, 1989 (TK/ha)

Gross Revenue 20,748

Costs

Lease 6,541

Capital Cost 2,694

Equipment Cost 301
Operating Cost 6,182

Total Costs 15,718

Economic Rent
Economic Rent as Percentage of Gross Revenue

5,030
24%

Source: Rahman, 1989.

Following the methodology used to estimate the total depreciation in the pond fishery described 

in section 4.3.1 the total depreciation in the shrimp fishery (DERĝ nmp) is calculated.

Rent per ha

Total catch of shrimp (1989) 

Total area under shrimp farm 

Catch per ha 

Rent per kg

DEP,shrimp

TK 5,030 (from Table 4.9)

27,510 tonnes or 27,510 x 1000 kg 

108,280 ha 

254 kg’’

TK 19.80"

TK 19.80 X 27,510 X 1000 

TK 0.54 billion

” 27,510 X 1000 kg 4- 108,280 ha = 254 kg/ha

TK 5,030 4- 254 kg = TK 19.80/kg
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Depreciation costs for different years are calculated in Table 4.12 using the fishery sector 

deflators.

4.3.3 Depreciation in the Subsistence Fishery

The subsistence fishery accounts for 30 percent of the total fish production. Subsistence 

fishermen are occasional fishermen who fish irregularly. Their main occupation is not fishing. 

Mainly during the monsoon when the floodplain is inundated these fishermen fish on the 

floodplain. It is estimated that the number of subsistence fishermen is about 10 million (BBS, 

1990). The income from subsistence fishing is estimated by multiplying the average prices of 

fish and the total number of fish caught. Two indirect methods are used to calculate the cost of 

subsistence fishing. These are described below.

Method 1

The pond fishery is used as a proxy to estimate the depreciation in the subsistence fishery. 

Subsistence fishermen do not incur all types of costs since they are not commercial fishermen. 

The only cost they have to bear is the cost to catch fish i.e. harvesting cost. It is assumed that 

the harvest cost of subsistence fishermen is equal to that of pond fisheries. Table 4.8 shows that 

the harvesting cost of pond fisheries is 32 percent of total costs (excluding labour cost). So 

depreciation in subsistence fisheries is defined as :

DEP,,, = [P - (Cp,„, X 0.32)] X (4.5)

where,

DEPjuj, = depreciation in subsistence fishery

P = price of catch

Cpond = total cost of pond fishing

Cpond X 0.32 = cost of subsistence fishing

Hsub = catch in the subsistence fishery
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Catch (H) in pond fisheries, 1987

Area under ponds

Gross revenue / ha (pond)

Total cost/ha 

Catch / ha in pond 

Cost / kg in pond

149,420 tonnes or 149,420 x 1000 kg

146,890 ha 

87,500 (Table 4.8)

TK 53,913 (Table 4.8)

1017.2 kg"

TK 53913 4- 1017.2 

TK 53/kg

To calculate the income from the fish caught in this sector, fish prices are needed. In the 

subsistence fishery various types of fish are caught. The main species of fish caught by 

subsistence fishermen include major carps, catfish, snakehead, prawns and other inland fish 

(Department of Fisheries, 1988). Fish prices vary according to the species. In Appendix A1.4 

fish prices are given. The weighted average of fish prices are used in this calculation. The 

average price of all types of subsistence fish in 1987 is estimated to be TK 39.12 per kg. The 

depreciation cost in the subsistence fishery is equal to :

DEP,„b = TK (39.12 - 53 x 0.32) x 149420 x 1000 

TK (39.12 - 16.96) x 149420 x 1000 

TK 3.31 billion

Method 2

In this method, first the number of days fished by subsistence fishermen is calculated and then 

the opportunity cost of labour is estimated. Catch in the inland commercial fisheries excluding 

subsistence fisheries was 417,480 tonnes in 1987. Total number of fishermen in commercial 

fishing was 751,000 (BBS, 1991). So catch (H) per fisherman will be :

Catch / fishermen 555.89 kg/person/year"

" 149,420 X 1000 kg h- 146,890 ha = 1017.2 kg/ha

417,480 X 1000 kg/year 4- 751,000 persons = 555.89 kg/persons/year
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Assuming that commercial fishermen work for 8 months i.e 240 days in a year on average, catch 

per fisherman per day is equal to 2.31 kg/person/day'^

Catch in subsistence fisheries, 1987 = 182,040 tonnes or 182,040 x 1000 kg

Number of subsistence fishermen = 10,000,000

Catch/person = 18.20 kg/person/year

The productivity of subsistence fishermen are less than that of commercial fishermen. It is 

assumed that subsistence fishermen are half as productive as commercial fishermen. So the catch 

per subsistence fishermen is equal to 1.15 kg/person/day’̂ . From the information on catch in 

two fisheries the number of days fished by subsistence fishermen (N) is found to be 16 days per 

year'\

That is, subsistence fishermen are involved in fishing only 16 days in a year. To calculate the 

depreciation, the labour cost of fishing should be deducted from the income earned from fishing. 

Subsistence fishermen fish for themselves and they are not paid for fishing. So the labour cost 

can not be calculated directly. The labour cost is calculated on the basis of the opportunity cost 

principle. In a labour abundant country like Bangladesh unskilled labour receives wages which 

can be considered as different from its opportunity cost. A conversion factor of 0.75 is widely 

used in Bangladesh to convert agricultural market wage rates to shadow wage rates. To calculate 

the total opportunity cost of labour the annual cost of a labourer is multiplied by the total 

number of fishermen.

15

16

17

18

555.89 kg/person/year -i- 240 days = 2.31 kg/person/day 

182,040 X 1000 kg/year 4- 10,000,000 persons = 18.20 kg/person/year 

2.31 kg/person/day (commercial) -^1=  1.15 kg/person/day (subsistence) 

18.2 kg/person/year ^ 1.15 kg/person/day = 16 days
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Subsistence fishing is performed mainly for household consumption. If fish were sold in the 

market it could contribute to the income of the household. The income of the subsistence fishing 

is estimated by multiplying the average price of fish and the total number of fish caught. Then 

the cost is deducted from the income to derive depreciation costs in the subsistence fishery. 

Therefore:

TOC

DEP,sub Ysub - TOC

04 6) 

(4.7)

where,

TOC = total opportunity cost,

Cj = cost per labourer per day

N = working days of subsistence fishermen in a year

L = number of total labourer (subsistence fishermen)

DEPjub = depreciation in subsistence fishery

Yjub = total income from subsistence fishery (price x quantity)

In 1987 the daily wage for an agricultural labourer was TK 32.30 (BBS, 1988). So the 

opportunity cost of labour is TK 24.22 per day’̂ . The total opportunity cost of labour = TK 

24.22 X 16 X 10,000,000 = TK 3.88 billion.

The average price of fish is TK 39.12 per kg (Appendix A1.4). So the income from the 

subsistence fishing (Yĝ y) in 1987 = TK 39.12 x 182,040 x 1000 = TK 7.12 billion.

D E P g ^ y  — TK (7.12 - 3.88) billion TK 3.24 billion (1987)

Depreciation costs for subsistence fisheries derived by both the methods are close to each other. 

The first method i.e. using pond fisheries as the proxy gives a figure of TK 3.31 billion. In the 

second method the number of fishing days of subsistence fishermen are calculated and the

TK 32.30/day x  0.75 = TK 24.22/day.
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estimation is based on the opportunity cost of the labour and the price of fish. The second 

method gives a figure of TK 3.24 billion. The average of the two methods that is TK 3.28 

billion is used in this study as the depreciation cost from the subsistence sector. Total catch in 

the subsistence sector was 182,040 tonnes in 1987. So the rent per kg of fish caught in the 

subsistence sector is TK 18.02/kg^®.

4.3.4 Depreciation in the Trawl Fishery

Trawl fishing is carried out usually for about eight months a year on average. Expenditures of 

fishing trawlers have been calculated on the basis of interviews with the owners of trawlers and 

discussion with the officials of Bangladesh Marine Fisheries Association (BMPA). Table 4.10 

shows the yearly cost of a fishing trawler in Bangladesh. Since this estimate is for 1994, this has 

been converted to 1988 prices on the basis of GDP deflators in order to estimate rent for 1988. 

The adjusted cost for 1988 is TK 10 million per trawler. This adjustment is done because the 

available data on the trawl fishery are for the year 1988. The rent from the trawl fishery is 

calculated in Table 4.11.

TK 3.28 bn 182,040 x  1000 kg = TK 18.02/kg
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Table 4.10 Annual expenditure of a fishing trawler (TK mn)

Expenditure Cost

Fuel 5.0
Salary and Wages 1.5
Repair and Maintenance 1.0
Selling Expenses (container, freight, packing, inspection fee) 2.0
Interest on Bank Loan 0.6
Inter-company Interest 0.9
Insurance Premium 0.3
Depreciation 1.0
Administrative Expenses (Shore Office Expenses) 0.6

Total Cost, 1994 12.9

Total Cost in 1988 Prices 10.0

Source: Personal communication.
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Table 4.11 Rent from trawl fishery, 1988

Expenditure
Expenditure per trawler’ TK 10 mn
Total number of trawlers^ 52
Total expenditures of trawlers TK 0.52 bn

Catch^
Total catch from trawl fishing, 1988 10,353 tonnes

Shrimp 4,893 tonnes
Other fish 5,460 tonnes

Price^
Price of shrimp exported TK 222/kg
Price of other fish in local markets TK 20.5/kg

Income
Income from shrimp 4,893 X 1,000 X 222 = TK 1.09 bn
Income from other fish 5,460 X 1,000 X 20.5 = TK 0.11 bn
Total income from trawl fishing TK (1.09 + 0.11) = TK 1.20 bn

Rent
Economic rent from trawl fishing TK (1.20 - 0.52) = TK 0.68 bn
Economic rent as % of total income 56.7%

Source: 1 Table 4.10
2 Department of Fishery, 1988
3 BBS, 1990; 1993a

Table 4.11 shows that the total rent from the trawl fishery is TK 0.68 billion which is 56.7 

percent of the total revenue earned from this fishery. Total catch is 10,353 tonnes. So the rent 

per kg is TK 65.7^’. The rent per kg in the trawl fishery is the highest amongst all types of 

fisheries. By definition this rent is the depreciation of trawl fisheries. Depreciation costs for other 

years are estimated in Table 4.12 using deflators for the fishery sector.

TK 0.68 billion 4- 10,353 x  1000 kg = TK 65.7/kg
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4.3.5 Total Depreciation in Selected Fisheries

To derive the depreciation cost of each type of fishery for different years, first the depreciation 

per kg has been calculated using the GDP deflators for the fishery sector. Then the total 

depreciation for each type of fishery is calculated by multiplying the depreciation per kg by the 

total quantity of fish caught from each type of fishery. In Appendix A1.5 the rent per kg of each 

type of fisheries during 1983-90 is given. The total deprecation cost is between TK 3.94 billion 

to TK 14.03 billion. The percentage of depreciation in fishery income varies from 41 to 51 

percent. The share of deprecation is between 1.1 to 1.7 percent in total GDP. Table 4.12 shows 

detail estimates of depreciation costs during 1983-90.

Table 4.12 Depreciation in different types of fisheries (TK bn)

Year Pond Shrimp Subsistence Trawl Total % of

Depreciation 
in Fishery 
Income

% of
Depreciation 
in Total GDP

1983 1.72 0.06 1.75 0.41 3.94 42.3 1.1

1984 2.28 0.11 2.16 0.45 5.00 41.0 1.2

1985 2.96 0.24 2.44 0.50 6.14 42.3 1.3

1986 4.14 0.32 2.91 0.63 8.00 44.4 1.5

1987 4.93 0.41 3.28 0.61 9.23 44.5 1.5

1988 5.77 0.50 3.78 0.68 10.73 45.7 1.6

1989 6.55 0.54 4.23 0.80 12.13 47.1 1.6

1990 7.33 0.57 5.51 0.63 14.03 50.9 1.7

Source: Own calculation.
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4.4 Sustainability in Marine Fisheries

The purpose of this section is to see whether marine fisheries in Bangladesh have reached the 

sustainable level of exploitation. The sustainability for marine fisheries is examined using a bio- 

economic model. There are a number of biological models on fishery. Here the Schaefer model 

(Schaefer, 1954, 1957) is used since it can be applied in a fishery with limited data. The 

analytical framework and the adopted model for deriving the sustainable yield curve are 

discussed in sections 4.4.1 and 4.4.2 respectively.

4.4.1 Analvtical Framework

Fish are renewable resources which, like other resources can yield a harvestable surplus 

indefinitely when exploited on a sustainable yield basis. But they will be dissipated if they are 

overexploited. Fish are open-access resource or common property. This feature gives rise to a 

number of economic problems, such as over fishing, even extinction of fish species, inefficient 

use of factor inputs, low returns to fishing industries. Therefore, some sort of regulation of 

fishing industries is necessary.

In the exploitation of an open-access fishery, the relationship between fishing effort and the 

harvest or yield can be expressed in the form of a sustainable yield curve (Figure 4.5). 

Sustainable yield for any given stock size is the yield that can be harvested each year without 

affecting the fish stock, as the yield is equal to the rate of growth of the fish stock.

Schaefer model assumes a linear relationship between effort and yield. Total yield will increase 

with increases in effort until the point at which sustainable yield is highest. This is the maximum 

sustainable yield (MSY) which can be obtained from a fishery without impairing the capacity 

to renew itself. MSY is the maximum potential productivity of a stock in terms of catch. Any 

fishing effort beyond MSY leads to a decline in total yield because the fish stock declines due 

to overfishing. In Figure 4.5 it can be observed that two different levels of fishing effort can 

produce the same yield Y,. Fishing effort at level E, is the situation where there is underfishing.
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Net growth of Y, can be obtained with a small population. But fishing effort represents 

overfishing as this level is beyond MSY. Here the growth can be obtained with a large 

population. At E, births greatly outnumber deaths because the population is small and food is 

ample. But at E  ̂births slightly outnumber deaths and the average size of the population is large.

Best possible allocation of resources is achieved when the marginal productivity of effort is 

equal to the marginal cost of effort. That is when the value of fish that a marginal unit of effort 

produce is equal to the value that a marginal unit of effort would produce in its best alternative 

use. The total revenue curve is the same shape as the sustainable yield curve in Figure 4.6. If 

it is assumed that the total cost for the fishery increases in proportion to effort, then the total 

cost curve for the fishery will be a straight line as shown in Figure 4.6. There is a linear 

relationship between fishing effort and income earned and as effort increases total income will 

also increase. The point of maximum profit to the industry per unit of effort is the point of 

maximum equilibrium yield (MEY). Because at ME Y the difference between total cost and total 

revenue is the highest. It can be seen that MEY occurs at a significantly lower level of effort 

than MSY, but this is the preferred goal of fishery economists since economic rent is maximized 

at this point. If the fishery is owned by sole owner it would be rational for him not to put in 

additional fishing effort once MEY is attained. Resources are properly allocated at this level 

since the value of the lost fish caught (marginal revenue) just balances the cost of producing it 

(marginal cost).

But fishery is an open-access resource. Fishermen will continue to enter it as long as they can 

make a profit from it, i.e. as long as the average revenue (AR) of the individual fisherman is 

higher than the average cost (AC). As fishing effort continues, total revenue (TR) will increase 

up to MSY. Beyond MSY the average yield per unit of effort will fall as there are now more 

fishermen exploiting a smaller fish stock. Total cost (TC) will also increase. Individual fisherman 

in an unregulated fishery will continue to enter it until the point is reached where they fail to 

earn any surplus over their variable costs. This point is usually called the open-access 

equilibrium yield (OAEY). At this point TC = TR. Here rents to the fishery equal zero and 

economically rational firms will not expand any effort beyond this point.
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OAEY represents a misallocation of natural resources as increases in fishing effort beyond MEY 

bring in diminishing returns and declining profit margins as costs will increase more than 

revenue. Increases in fishing effort beyond MEY mean that inputs are being diverted from 

producing other goods of higher value to society, assuming that capital and labour are freely 

mobile between alternative employments. Unregulated fishing effort in a free access fishery will 

not only generate less rent than it could but its aggregate yield and gross income would also be 

lower than it should be. It is clear that well before OAEY is reached, the fish stock will be 

overexploited both economically and biologically.

At the equilibrium OAEY, fishermen can earn no pure profit after covering the opportunity costs 

of all inputs. Thus society earns no rent from the fish resource. Given that fish resources are 

scarce and need to be conserved, society should charge fishermen a rental for the use of the 

resource. The rental added to existing input costs would increase the total cost per effort and 

thus force the fishermen to reduce effort. This will result in conservation of the resource and 

maintaining it at a level which maximizes net economic benefits to society. It should be noted 

that the assumptions of the above discussion are (i) future value of resources are not discounted 

(ii) industry is perfectly competitive and each firm in the industry takes all prices, including 

factor prices, as given and constant over time.

The theoretical framework discussed here provides the basis of computing costs and returns in 

the fishery sector. Costs per unit of catch, total effort, returns per unit of effort, catch per unit 

of effort and economic rent over time in each type of fishery can be calculated. Zero economic 

rent in a fishery would indicate that the fishery is overexploited and negative rent would imply 

that the resource is fully exploited. Therefore, some means of regulation of fishing effort is 

required if fish resources are to be protected from dissipation.
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4.4.2 The Model

The analytical framework presented in the previous section shows that in the Schaefer model 

catch per unit of effort is a linear function of effort i.e.

Y/f = a - bf (4.8)

where,

Y = sustainable yield

f = effort

a and b are constants

Equation (4.8) can be written as:

Y = a f - b f  (4.9)

Differentiating equation (4.8) with respect to f and setting dY/df = 0 the level of effort (f^y) 

giving maximum sustainable yield can be derived:

dY/df = a - 2bf = 0

a = 2bf

fm sy = a/2b (4.10)

Putting the value of f in equation (4.9) the maximum sustainable yield (Y ) is obtained:

Tfm ay = a(a/2b) - bfafAlb:)

= aV2b - aV4b 

aV2b(l - 1/2)

Ymsy = aV4b (4.11)
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The parameters a and b can be estimated by a linear regression of equation (4.8) from the fishing 

effort and yield data. In order to estimate equation (4.8) time series data for the period 1972 to 

1988 are used in this study.

4.4.3 Calculation of Effort

Since various types of fishing effort are used to catch fish it is difficult to aggregate these inputs 

into a single index. The problem could be solved by converting the inputs into time, for 

example, hours, days or months of fishing. Different types of fishing efforts are complementary 

to each other. That is, a larger number fishermen also reflects the fact that a larger number of 

nets and boats are used and vice versa. So any one of these inputs expressed in units of time 

could be a proxy of fishing effort. The number of fishing boats could be another estimate of 

effort. In this study the effort is measured in terms of fishing crafts.

The calculation of effort in terms of boats is complex. In the marine fishery there are three types 

of fishing crafts with different efficiency which need to be converted into one unit. Three types 

of fishing crafts are used for marine fisheries - trawlers, mechanised boats (MB) and non

mechanised boats (NMB). The number of non-mechanised boats is not available except for the 

period 1985 to 1988. Assuming that there is an annual increase of 200 NMBs the number of 

NMBs for the remaining years is obtained.

Trawlers fish about 200-250 metres away from the shore and 100-110 metres deep in the sea. 

The length of the vessels varies between 25-45 metres. Most of the vessels used in Bangladesh 

for fishing were imported in 1981. The average longevity of these vessels is 30 years. The 

engine capacity of these trawlers varies between 400 to 1250 horse power (HP). On the other 

hand, MBs fish upto 40 metres depth into the sea. The size of MBs is between 9-14 metres long. 

The engine capacity of MBs is around 15 to 45 HP. These boats operate mainly three types of 

nets: (i) small mesh drift (gill) net with 100 mm mesh size, (ii) large mesh drift nets with 200 

mm mesh size, and (iii) seine nets (encircled nets) with 100 mm mesh size. NMBs are traditional 

sail boats. Fishing gears used by these are set bag net, long line fishing, beach seine and cast
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net. The average horse power (HP) of fishing trawlers in Bangladesh is 577 and of mechanised 

boats 40 HP (BMFA, 1995). The annual catch data show that the fishing efficiency of a non

mechanised boat is only 10 percent of a mechanised boat. So a power of 4 HP is assigned to 

a non-mechanised boat.

Table 4.13 Unadjusted fishing efforts in marine fisheries

Year Fishing Crafts Used in Marine Fisheries Horse Power o f Fishing Boats

Trawler Mechanised
Boats

Non-
Mechanised
Boats*

THP = 
Number o f  
Trawlers x  
577

MB HP = 
Number o f MB 
X 40

NMBHP = 
Number of 
NMB X 4

1972 10 200 3800 5,770 8,000 15,200

1873 21 276 4000 12,117 11,040 16,000

1974 21 1000 4200 1,2117 40,000 16,800

1975 26 1000 4400 15,002 40,000 17,600

1976 26 1050 4600 15,002 42,000 18,400

1977 26 1100 4800 15,002 44,000 19,200

1978 26 1200 5000 15,002 48,000 20,000

1979 26 1300 5200 15,002 52,000 20,800

1980 24 2000 5400 13,848 80,000 21,600

1981 35 2050 5600 20,195 82,000 22,400

1982 53 2100 5800 30,581 84,000 23,200

1983 73 3347 6000 42,121 133.880 24,000

1984 67 3300 6200 38,659 132,000 24,800

1985 45 3137 6559 25,965 125,480 26,236

1986 49 3132 6461 28,273 125,280 25,844

1987 52 3317 14014 30,004 132,680 56,056

1988 52 3317 14014 30,004 132,680 56,056

* Figures from 1972 to 1984 are assumed.
THP Trawler horse power
MB HP Mechanised boat horse power
NMBHP Non-mechanised boat horse power

Source: Column 2, 3 and 4; BBS, 1992; Column 5, 6 and 7: BMFA, 1995 and own calculation.
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Table 4.14 Conversion formula, from MB and NMB to Trawler Horse Power

M Boats N M Boats Trawlers

(a) Total HP in 1988

(b) Fish Harvest in 1988 (mt)

(c) Fish Harvest per HP [(b)/(a)]

(d) Fishing Efficiency per unit Relative to

Trawler (Conversion Factor)

132,680

169,740

1.279

3.70*

56,056

53,188

0.948

2.75**

30,004

10,353

0.345

1.00***

* 1.279/.0345

** 0.948/0.345

*** 0.345/0.345

Source: Table 4.13; Department of Fisheries, 1988.

Fishing efficiency per unit of MB and NMB relative to that of trawler was 3.7 and 2.75 

respectively (Table 4.14). Conversion factors are calculated as follows:

Conversion factor for MB 

Conversion factor for NMB

Hwn / HMB ' ^ Trawler

^NM B ^ ^Trawler

where, 

H.‘MB

Htrawler

Harvest of fish by mechanised boats 

Harvest by of fish non-mechanised boats 

Harvest of fish by trawlers

The adjusted fishing effort in terms of trawler horse power (THP) is calculated by dividing the 

trawler horse power, mechanised boat horse power and non-mechanised boat horse power by the 

conversion factors of respective boat types. It is assumed that the pressure on the resource per 

unit of the horse power remains constant for the whole period under consideration. Once the 

adjustment factor is estimated, the total THP for each year (from 1972 to 1988) is calculated in 

Table 4.15.
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Table 4.15 Adjusted fîshing efforts in Trawler Horse Power (000)

Year Trawler MBs NMBs Total 
Effort (f)

Yield (000 
tonnes)(Y)

Yield per 
unit of 
effort (Y/f)

1972 5.8 29.6 41.8 77.2 87 1.13

1973 12.1 40.7 44.0 96.8 88 0.91

1974 12.1 148.0 46.2 206.3 89 0.43

1975 15.0 148.0 48.4 211.4 95 0.45

1976 15.0 155.4 50.6 221.0 100 0.45

1977 15.0 162.8 52.8 230.6 110 0.48

1978 15.0 177.6 55.0 247.6 118 0.48

1979 15.0 192.4 57.2 264.6 122 0.46

1980 13.8 296.0 59.4 369.2 125 0.34

1981 20.2 303.4 61.6 385.2 130 0.34

1982 30.6 310.8 63.8 405.2 141 0.35

1983 42.1 495.1 66.0 603.2 164 0.27

1984 38.7 488.4 68.2 595.3 188 0.32

1985 26.0 464.3 72.1 562.4 207 0.37

1986 28.3 462.5 71.0 561.8 218 0.39

1987 30.0 491.0 154.0 675.0 227 0.34

1988 30.0 491.0 154.0 675.0 233 0.35

Source: Tables 4.13 and 4.14.
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4.4.4 Estimation of the Yield Curve

Using the catch and the effort data for the period 1972 - 1988 the yield per unit of effort is 

calculated from equation (4.8) as:

Y/f = 0.75 - 0.00000078f (4.12)

The values of a = 0.75 and b = 0.00000078 are found from the regression of catch and effort 

data. Regression results are shown in Appendix A1.6. From equation (4.12) the sustainable yield 

equation is obtained:

Y = 0.75f - 0.00000078^ (4.13)

By using equations (4.10) and (4.11) the maximum sustainable yield and the required effort are 

derived as:

Y^y = (0.75)2 /(4 X 0.00000078)

= 180,288 tonnes

fmsy = 0.75 / (2 X 0.00000078)

480,769 THP

This means that with the maximum effort of 480,769 THP a maximum sustainable yield of 

180,288 tonnes of fish can be landed.

In Table 4.10 the cost of a trawler (1988) is estimated to be TK 10 million. The average fleet 

power of a trawler is 577 HP. So the average cost per HP is TK 0.017 million. The total cost 

can be expressed as a function of the effort measured in terms of THP:

TC = 0.017f (4.14)

TK 0.017 million x 480,769 

TK 8.2 billion
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The total revenue is equal to the price times the quantity of the harvest (PY). The total revenue 

curve in terms of efforts can be written as:

TR = PY

TR = P(0.75f - 0.000000781^) (4.15)

In the marine fishery, two different types of prices are used. One is the export price and the 

other is the local price. In 1988 the export price of shrimp was US$ 6.9/kg or TK 222/kg^^ 

(BBS, 1990). Local price of other marine fish was TK 20.5/kg (BBS, 1993a). The reason for the 

export price being higher than the local price is that exportable shrimps are of best quality. The 

export price also includes other costs such as processing and packaging. Using the catch data 

for 1988 a weighted average of shrimp and other fish price is calculated as TK 115.7/kg or TK 

115700/tonne (Appendix A1.4). The total revenue function takes the form of:

TR = 115700(0.75 x 480,769 - 0.00000078 x 480,769 x 480,769)

TK 20.9 billion

Estimated and actual yields are shown in Figure 4.7. Total cost (TC) and total revenue (TR) 

curves in terms of efforts are plotted in Figure 4.8. The maximum sustainable yield (MSY) 

reaches at a point with 480,769 THP of effort and 180,288 tonnes of yield. At this point 

economic rent is TK 12.7 billion. TR continues to increase till the point of MSY is reached. TR 

starts to decline after the point of MSY while TC continues to increase implying a reduced 

economic rent. In this model TR and TC do not intersect i.e the marine fishery has not reached 

open access equilibrium yield (OAFY) level. The estimated total cost and total revenue for 

different years are given in Appendix A1.7. The maximum equilibrium yield (MFY) occurred 

in 1981 when the rent was maximum, i.e. TK 13.5 billion. At this point the total cost and the 

total revenue were TK 6.5 and TK 20 billion respectively; yield and effort were 130,000 and 

385,200 respectively (Appendix A1.7; Table 4.15).

1 US$ = TK 32.1468 in 1988 (World Bank, 1993b)
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4.5 Conclusions

In this chapter depreciation costs of a few selected fisheries are calculated. The results show that 

fisheries sector exhibits large amount of depreciation cost. Depreciation costs are between 41 to 

51 percent of the fishery sector GDP and between 1.1 to 1.7 percent of total GDP over the 

period 1983-90.

The bio-economic model for marine fisheries indicates that marine fisheries have already reached 

the maximum sustainable yield level and economic rent has started to decline. The maximum 

sustainable levels of yield and effort are found to be lower than the existing levels of yield and 

effort, implying overexploitation. Therefore, caution must be taken in increasing fishing efforts 

in order to avoid the prospect of a negative economic rent.
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Figure 4.1 Fish Production from Different Types of Fisheries
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Figure 4.3 GDP from Fisheries Sector at Constant Prices (TK mn)
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Figure 4.5 Sustainable Yield Curve
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Figure 4.7 Yield Curve
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Chapter 5

Depreciation of Forestry Sector

5.1 Introduction

Forests contribute to the economy and society in a number of direct and indirect ways. They 

provide important products such as timber and fuelwood. Forests also play a vital role in 

sustaining the ecological stability. Benefits are derived from wildlife habitat, forest recreation, 

ecological services such as hydrological effects, carbon fixing, nitrogen leaking, biodiversity and 

soil productivity.

Land area classification for Bangladesh shows that agricultural land accounts for 64.2 percent 

and forest land 15.4 percent of the total land area (Table 5.1). Total land under forests in 

Bangladesh is 2.56 million hectares (Mha). In the national economy the share of the forestry 

sector is 2.5 percent (BBS, 1993a).

There is a growing concern that forests in Bangladesh are being depleted rapidly. World 

Resource Institute (1994) reports that during 1981-90, 3.3 percent of the total forest area was 

deforested annually which is much higher than the South Asian average of 0.8 percent. In many 

parts of the country deforestation is taking place fast (see Chapter 3 for details) and half of the 

country does not have any public forest. Map 5.1 shows the forest area in Bangladesh. Present 

reforestation and afforestation programmes are not adequate to make up the loss of forests. On 

the other hand, the demand for forest products is increasing. The imbalance between harvest and 

growth of forests can lead towards depreciation of forests.

This chapter estimates the extent of depreciation of forests in Bangladesh. Due to lack of data 

depreciation of only timber producers is estimated. Before going to the calculation of 

depreciation cost it is useful to have a brief overview of the forestry sector of Bangladesh. The 

contribution of timber products in total income from the forestry sector, forest management and 

pricing of forest products are also discussed.
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5.2 Forestry Sector in Bangladesh

5.2.1 Types and Uses of Forests

The forest land area in Bangladesh falls under the following categories:

(1) State Forests:

Classified forests covering 1.49 Mha of land area;

Unclassified forests covering 0.73 Mha of land area;

(2) Private forests grown mainly in the homestead area, covering 0.34 Mha.

On the basis of the type, state forests are classified as (i) Hill Forests (ii) Sunderban Mangrove 

Forests (iii) Plain Land Sal Forests. Main features of these forests are described below. The total 

area under each type of forest is presented in Table 5.1.

Hill Forests

Hill forests (situated in the south eastern part of Bangladesh, Map 5.1) cover an area of 0.66 

Mha including 0.10 Mha of plantation. These forests are comprised of tropical evergreen and 

semi-evergreen forests located in the hilly region. Indigenous tree species^^ like Garjan, Civit, 

Jarul, Gamar, Dhaki Jam and Champa are found in these forests. Exotic species like Teak and 

Mehogony are also planted. Bamboos, sungrass and evergreen shrubs and herbs grow in these 

areas. Over four hundred species are found in the hill forests. Hill forests are heterogenous and 

low yielding. About 75 percent of the hill forests is natural forests and the rest is under 

plantations.

”  Scientific name o f forest species are given in Appendix A2.1
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Table 5.1 Land area classifîcation in Bangladesh, 1993

Land Use Category Area (Mha) % of Total 
Area

% of Total 
Forest Area

Agriculture 9.25 64.2

Total State Forest 2.22 15.4 86.7

Classified 1.49 10.3 58.2

- Hill Forests 0.66 4.6 25.8
- Mangrove Forests 0.71 4.9 27.7
- Plain Land Forests 0.12 0.8 4.7

Unclassified 0.73 5.1 28.5

Total Private Forest 0.34 2.4 13.3
Village 0.27 1.9 10.5
Tea/Rubber Garden 0.07 0.5 2.7

Total Forest 2.56 17.8 100

Urban 1.16 8.1
Water 0.94 6.5
Other 0.49 3.4

Total Land 14.40 100

Source: ADB, 1993.

Sunderban Mangrove Forests

Sunderban mangrove forests (situated in the south west of Bangladesh) cover an area of 0.59 

Mha including waterways and 0.12 Mha of artificially raised mangrove planted in the coastal 

belts and offshore islands. Mangroves are specialized forest ecosystems which thrives along 

intertidal coastlines of tropical and subtropical regions. They are characterised by a closely 

interlinked community of salt tolerant halophytes and numerous terrestrial, arboreal and aquatic 

organisms which exists through the exchange of materials and energy within the system and 

adjacent areas. The ecosystem is drawn together through processes of energy fixation, 

accumulation of biomass, decomposition of dead organic and nutrient cycling. About 30 percent 

of the Sunderban mangrove is under water. The mangrove forests grow on swampy land and are 

subjected to tidal inundation. Sunderban is the largest mangrove in the world. Seventy five 

percent of the mangrove area lies in Bangladesh and 25 percent in India. It constitutes about 28
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percent of the total forest area in Bangladesh. These forests make up 47 percent of the country’s 

overall classified forest (Table 5.1). Products from these forests include timber, fuelwood and 

pulpwood. Sundari, gewa and goran are the three important species of these forests. Other than 

these species, kankara, keora and golpata are found in these forests. These forests provide raw 

materials for a newsprint mill, a hardboard plant, match factories and many other wood 

industries of the country. Sunderban forests supply timber and fuelwood and provide several 

non-wood forest products.

Sal Forests

Sal forests, named after the dominant timber ‘Sal’, are the plainland forests covering 0.12 Mha 

in the north west of the country. These are the tropical monsoon forests. Evergreen and 

deciduous species can be found in theses forests. The quality of these forests are poor. Sal 

forests have largely been depleted. These forests have been exploited mostly for timber, poles 

and fuelwood. Rough estimates suggest that only 10 percent of these forests is left (ADB, 1993).

Private Forests

Private forests are important sources of forest products. Out of the total private forests, 0.27 Mha 

is under village and homestead forests and 0.07 Mha is under tea and rubber gardens. 

Village/homestead forests provide 70 percent of timber and 90 percent of fuelwood requirements 

of the country. Homestead trees comprise multipurpose tree species, fruit trees and bamboos. The 

area under bamboo production is 0.10 Mha. Bamboos are used for construction of houses and 

for making agricultural implements.

Use o f Forests

The use of forests is diversified. Commodity classification for forest products includes timber, 

fuelwood, bamboo, pulp wood, fodder, poles, construction of houses, honey, wax, medicine and 

other miscellaneous products including fish and fish products. About 60 percent of the wood
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harvested is used for fuel and 35 percent for timber.

5.2.2 Supply and Demand

Table 5.2 shows the production of timber and fuelwood. Over the period 1972-90 timber 

production has increased at a rate of about 4 percent per year while the increase in fuelwood 

production was 4.6 percent per year. In Figure 5.1 the trend of timber and fuelwood production 

is shown.

Table 5.2 Production of forest products

Year Timber (Mm^ Fuelwood (Mm^)

1972 0.43 1.13

1975 0.54 0.71

1980 O j# 1.37

1985 1.20 2.12

1990 0.88 2.56

Source: BBS, 1993a.

Future demand for timber and fuelwood is projected to be exceeding the supply. Estimates of 

demand for timber and fuelwood in the year 2000 with an estimated population of 132 million 

(at 2 percent rate of growth) and a very low level of per capita consumption, 0.01 m  ̂of timber 

and 0.06m^ of fuelwood, would be around 1.32 Mm^ of timber and 7.92 Mm^ of fuelwood. The 

probable supply of timber and fuelwood from forests will be around 0.58 Mm^ and 4.24 Mm^ 

respectively, implying a deficit 0.74 Mm^ of timber and 3.68 Mm^ of fuelwood by 2000 (Ali O 

M, 1989). The gap between demand and supply of wood could be met partly by village tree 

resources. Unless forests are managed and used in a sustainable way the deficit in forest products 

will involve high cost since the demand has to be met from external sources.

127



5.2.3 Forest Management

Classified forests are managed by the Department of Forest and unclassified forests by the 

Ministry of Land. Some of the unclassified forest areas have been transferred to the Department 

of Forest for plantation. Due to unrestricted extraction of wood unclassified state forests are now 

mostly barren. Deforestation is also taking place rapidly in the state managed forests (see 

Chapter 3). In view of the depletion of forests the Government of Bangladesh (GOB, 1985) 

aimed at:

increasing production of timber and non-timber products through afforestation,

reforestation and social forestry programmes;

accelerating the development of plantations of fast growing trees;

exploiting forest resources to best advantage to meet the demand for timber, fuelwood,

fodder, rubber and raw materials for paper and other industries, without disturbing the

ecological balance.

The management of Hill Forests by the government started in the 1870s under a system of 

selective felling and natural regeneration. In the 1930s a system of clear felling followed by 

regeneration or plantation was introduced (ADB, 1993). These forests have largely been 

exploited and because of this a moratorium was imposed on all logging in 1989. Sal Forests 

were under the system of clear felling with coppice regeneration on a rotation of about 20 years. 

At present these forests are mostly depleted due to illicit felling. The management of Sunderban 

mangrove forest area for wood extraction is organised around a series of 20 year plans which 

aim to ensure sustainable use through a selective felling system with exploitable girth limits. To 

stop the overexploitation a moratorium on the harvesting of wood from Sunderban forests was 

imposed in 1989. Exemptions for gewa and top-dying sundari by Khulna Newsprint Mill and 

the Khulna Hardboard Mill respectively were permitted. Limited non-sundari fuelwood extraction 

is also allowed. The extraction limit for gewa is set at 0.13 Mm^ per year and for sundari 0.02 

M m \ The moratorium however, was never effective. It is estimated that illicit harvesting makes 

up 20 percent of domestic consumption (ADB, 1993).
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5.2.4 Contribution to the Economy

Forestry is a relatively minor sector in Bangladesh in terms of its contribution to the GDP. Its 

share in total GDP is 2.5 percent and in agriculture 6.6 percent (1990) (BBS, 1993a). In 1991, 

the value added from the forestry sector was about TK 12.8 billion at constant prices (1984 = 

100). About 27 percent of this came from timber, 10 percent from fuelwood, 60 percent from 

bamboo and 2 percent from minor products (BBS, 1993a).

The contribution of the forestry sector to employment generation is about 2 percent. The 

estimated total employment in this sector is 800,000 persons (BBS, 1991). Apart from the 

production related work many are involved in secondary processing such as cottage industries. 

Considering the nature of work, many people benefit indirectly from forestry related work, 

possibly about 1.3 million people (ADB, 1993). Approximately 500,000 to 600,000 people 

depend on Sunderban mangrove for some portion of their income (FAO/UNDP, 1990). About

30,000 local woodcutters are hired by traders to collect timber and fuelwood and about 160,000 

fishermen are directly employed. Many others are involved in subsistence extraction. The 

contribution of different products is shown in Table 5.3. The percentage share of income from 

forests in agriculture and in total GDP during 1972-90 is shown in Figure 5.2. The contribution 

of timber in total forestry sector income is shown in Figure 5.3.

Table 5.3 Forestry’s GDP at constant prices (1984 = 100 in TK mn)

Year Timber Fuelwood Bamboo Minor
Products

Total Share of 
Timber in 
Forestry 
GDP (%)

Share o f  
Forests in 
Agriculture 
(%)

Share o f  
Forests 
in total 
GDP (%)

1972 1708 595 6081 39 8423 20.3 6.4 3.2

1975 2170 372 4688 57 7287 29.8 5.0 2.5

1980 3513 718 5114 227 9572 36.7 6.1 2.7

1985 4812 1114 5269 217 11412 42.2 6.5 2.7

1990 3528 1345 7816 156 12845 27.5 6.6 2.5

Source: BBS, 1993a.
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5.2.5 Markets and Prices of Forest Products

Forest products are mainly marketed within the country. A small proportion is exported and an 

increasingly large quantity is imported to meet the demand. Bangladesh exports wood products 

such as newsprint, paper, handicraft, sawn timber, furniture, and some other minor products.

In Bangladesh price determination is influenced by the welfare consideration and equity issue. 

This leads to inefficiency and low productivity in many cases. Two price systems are practised 

by the Department of Forests: spot price and royalty. Spot price is the auction price which is 

determined by auctions or through open public tender for private consumers. Public sector 

industries, permit holders, local consumers and government sector consumers have to pay 

royalty. The rate of royalty is usually fixed at 12.5 percent of the market price. For the special 

class of timber the royalty rate is higher than this. Forest products are sold at a subsidised price 

to the industrial consumers. In most of the cases the existing price of products does not reflect 

the true economic cost. For example, the replacement cost for teak sawlog is TK 44,100/m^. But 

the scheduled royalty of teak sawlog is TK 300-800/m^ on average which could be as high as 

TK 1,600/m^ for the best quality (ADB, 1993). Prices of non-wood forest products are 

determined irregularly and may remain unchanged for 10 or more years. The failure to capture 

the true value of forest products is posing a barrier to the sustainable management of forests in 

Bangladesh.
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5.3 Depreciation of Forests

The depreciation cost of forests (timber) is estimated by using the Net Price Method explained 

in Chapter 2. Here the stock of timber refers to all standing trees without any classification of 

age, height and diameter. If is the stock of forest in period t, ĝ  is the growth in period t 

(natural growth plus reforestation; a positive growth is observed from growth and regeneration 

of the initial stock and from reforestation and afforestation while a negative growth occurs from 

harvesting or production, deforestation by human intervention and natural degradation such as 

from fire, insects, infections etc.), is the extraction/harvest, destruction or diminution during 

period t, and is the stock of resource in period t+1, then the following relationship is found:

S, + A S, = (5.1)

where,

AS, = g( - H,

The depreciation of forests (DEP̂ ^̂ g,,) is estimated as the economic rent (P - C) multiplied by the 

difference between the value additions and reductions (i.e. net change) in the stock in a year i.e.

DEPf_,, = (P - C)(g - H) (5.2)

If g>H there will be appreciation and if g<H there will be depreciation of forests. The estimation 

of depreciation is done in the following manner. First, each component of the above equations 

(i.e. S, g, H, P and C) is estimated separately, then depreciation is estimated in physical and 

monetary terms.

5.3.1 Growing Stock (S)

Recent and complete data on the growing stock of forests in Bangladesh are not available. A 

partial stock inventory has been carried out for different areas and types of forests in different 

years. Only in the Sunderban mangrove forest an inventory has been carried out twice - once
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in 1960 and once in 1985. In 1991 an inventory on the village forest was carried out as part of 

a Forestry Master Plan (FMP) initiated by the Government of Bangladesh. In 1985 an inventory 

of the growing stock of the major forest products has been carried out. However, this inventory 

did not include forests in the Hill districts. Only aerial photographs are available for this area. 

The growing stock of forests is reported to be declining. The growing stock (4 inches diameter 

at breast height) of Sunderban forests has declined from 20.3 Mm^ in 1960 to 15.35 Mm^ in 

1985. In the reserved forest of Chittagong Hill Tracts, the growing stock decreased from 23.8 

Mm^ in 1964 to 19.8 Mm^ in 1985 (ADB, 1993). In Table 5.4 inventories of growing stock in 

different forests are shown.

Table 5.4 Inventory of growing stock in different forests of Bangladesh

Forest Year Total Growing 

Stock (000 m )̂

Source

Kassalong and Rankhiang 1985 11681 de Milde et al (1985)

Chittagong 1985 2269' de Milde et al (1985)

Cox’s Bazar 1985 2693" de Milde et al (1985)

Sylhet 1987 920 Drigo et al (1988)
Sunderban 1985 10640*" Chaffey et al (1985)

* 12 inches diameter at breast height (DBH) and above.

12 inches DBH and above.

*** 4 inches DBH and above, does not include the stock of Goran.

The growing stock in the unclassified state forests has gone down from 3.43 Mm^ in 1964 to 

almost nothing at present. The average growing stock in the state managed forests is only just 

over 30 m  ̂per ha (ADB, 1993). However, the growing stock in the homestead forests is more 

than the state forests though area under private forest is only 13.3 percent of total forest area. 

One estimate shows that the growing stock of private forests was 54.47 Mm^ in 1991 i.e. about 

203 m^/ha (ADB, 1993). According to another survey the growing stock of the private forests 

was 54.71 Mm^ in 1981 (Hammermaster, 1981). This indicates that the decline in the growing 

stock of private forests is insignificant. The growing stock of unclassified forests is negligible. 

Table 5.5 shows a complete estimation of growing stock compiled from different inventories.
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Table 5.5 Growing stock of forests in Bangladesh, 1985

Forest Type Area (Mha) Growing Stock 
(Mm^)

Growing Stock 
(mVha)

Hill Forests 0.61 28.33 46.44

Mangrove Forests 0.65 15.35 23.61

Sal Forests 0.11 1.13 10.27

Total Classifîed Forests 1.37 44.81 32.70

Unclassified Forests 0.73 Negligible -

Total State Forests 2.00 44.81 22.40

Homestead Tree cover 0.27 54.71 202.60

Total 2.49 99.52 43.84

Source: Task Force, 1991; Ali O M, 1994; USAID, 1990; ADB, 1993.

5.3.2 Growth and Reforestation (g)

Growth

Increases in the stock of timber can occur due to plantation and growth in the existing forests. 

No survey has been done on the mean annual increment (MAI) i.e. the increase due to natural 

growth in the existing stock in Bangladesh. Only a tentative estimate of MAI for the mangrove 

forests is available from an inventory carried out by the Chafffey et al (1985). According to this 

inventory, depending on the age distribution of trees and site quality the MAI varies between 

less than 1 mVha/year and 2.8 m^/ha/year. In other developing countries MAI of average quality 

forests varies between 0.7 m^/ha/year to 1.5 m^/ha/year. In India MAI is estimated to be 0.7 

m^/ha/year (Forest Survey of India, 1988). FAG (1981) indicates that the annual net increment 

of the Indonesian forest is 1.3 m^/ha/year. Repetto et al (1989) assume 1.5 m^/ha/year as the 

MAI for disturbed natural forests in Indonesia.

Since there is no estimate of MAI for the overall forest stock, this study assumes three possible 

estimates of MAI: low, medium and high. MAI is assumed to be 0.7 m^/ha/year in the low case,

1.0 m^/ha/year in the medium case and 1.3 m^/ha/year in the high case. Different types of forests 

will have different MAI. In this study it assumed that MAI does not vary across types and
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qualities of forests. The calculation of MAI under different assumptions is presented in Table 

5.6. In the low case assumption, the growth varies from 1.19 Mm^ to 1.35 Mm^. In the medium 

case, the growth is between 1.70 Mm^ to 1.93 Mm^ and in the high case, the growth of forests 

is between 2.21 Mm^ to 2.50 Mm^. As the change in the area under forests is not significant 

over time, the growth does not fluctuate much. Unclassified forests are not included in the 

estimation since their growing stock is negligible.

Table 5.6 Annual growth of forests

Year Forest Area (000 ha) Growth (million cubic metre)

Classified Private* Total** MAP MAP MAP

1980 1588 270 1858 1.30 1.86 2.42

1981 1588 270 1858 1.30 1.86 2.42

1982 1566 270 1836 1.29 1.84 2.39

1983 1618 270 1888 1.32 1.89 2.46

1984 1613 270 1883 1.32 1.88 2.45

1985 1438 270 1708 1.20 1.71 2.22

1986 1432 270 1702 1.19 1.70 2.21

1987 1657 270 1927 1.35 1.93 2.50

1988 1500 270 1770 1.24 1.77 2.30

1989 1515 270 1785 1.25 1.78 232

1990 1520 270 1790 1.25 1.79 2.33

*

**
1
2 
3

Source:

Private forest area is assumed to be constant
Classified plus private
MAI = 0.7 m^/ha/year
MAI = 1.0 m^/ha/year
MAI =1.3 m^/ha/year

Column 2, 3: BBS, 1992 
Column 5, 6 ,7 :  Own Calculation.
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Reforestation

Data on plantation were available in terms of area planted. Since the plantation was only in the 

state managed forests an yield of 32.70 mVha is assumed to calculate the volume planted. The 

area under plantation and production in these forests are shown in Table 5.7. Available data 

show that the total production under plantation was the highest in 1984.

Table 5.7 Area under plantation and production of timber

Year Area (ha) Production (Mm^) @ 32.7 m^/ha

1980 16280 0.53

1981 21875 0.72

1982 20221 0.66

1983 22336 0.73

1984 22805 0.75

1985 18473 0.60

1986 16215 0.53

1987 16116 0.53

1988 11174 0.37

1989 13853 0.45

1990 13023 0.43

Source: Column 2: BBS, 1992 and ADB, 1993; Column 3: Own calculation.

Finally, total growth or additions (g) in the forest stock is calculated in Table 5.8 by adding the 

annual growth and plantation of forests.
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Table 5.8 Additions (Growth + Reforestation) to the stock (Mm̂ )

Year Additions under different assumptions

Al* A2" A 3"'

1980 1.83 2.39 2.95

1981 2.02 2.57 3.13

1982 1.95 2.50 3.05

1983 2.05 2.62 3.19

1984 2.06 2.63 3.19

1985 1.80 2.31 2.82

1986 1.72 2.23 2.74

1987 1.88 2.45 3.03

1988 1.60 2.13 2.67

1989 1.70 2.23 2.77

1990 1.68 2 j2 2.76

Additions when MAI = 0.7 mVha/year 
Additions when MAI = 1,0 mVha/year 

*** Additions when MAI =1.3 mVha/year

*

Source: Tables 5.6 and 5.7.

5.3.3 Harvest and Deforestation (H)

The stock of forest resources is reduced due to exploitation (harvest), damage, deforestation, 

conversion of forest land for other purposes and also due to fire and attacks by insects.

The harvest of timber presented in Table 5.10 is estimated from BBS (1993a) using a specific 

density of 0.75 tonnes/m^ timber (original values are given in Appendix A2.2). The increase in 

harvest of timber over time is not significant.

There is no information on the damage of forests from fire and insects. Deforested areas in 

Bangladesh have not been surveyed or mapped and their exact sizes and locations are not 

conclusively determined though some of the deforested areas and extent of deforestation have
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been identified (Chapter 3). Only periodic visual observations exist which indicate that 

deforestation affects about 12.5 percent of area of the country (ADB, 1993).

However, various sources report different estimates of deforestation. The World Bank (1995) 

reports that during 1981-90 an area of 40,000 ha of natural forest land has been deforested 

annually and the rate of annual deforestation is 3.9 percent (World Bank, 1995). World Resource 

Institute (WRI) mentions that over the period 1981-90 an area of 38,000 ha was deforested 

annually and the rate of deforestation was 3.3 percent per year.

Table 5.9 Natural forest area and deforestation

Source Total Area (000 
ha)

Annual Deforestation

Area (000 ha/year) % of Area

1980 1990 1981-85 1981-90 1981-90

World Bank (1993) 900 - 10 - -

World Bank (1995) 1100 800 - 40 3.9

World Resource Institute 
(1994-95)

1145 769 8 38 3.3

Source: World Bank, 1993a, 1995, World Resource Institute, 1994-95.

In this study it is assumed that the annual deforestation over the period 1980-90 was also 38,000 

ha per year on the basis of WRI’s estimates for 1981-90. Total loss of forests due to 

deforestation is, therefore, 1.24 MmVha/year assuming a growing stock of 32.70 m ^a/year in 

the state managed forests '̂ .̂

Harvest and deforestation data are presented in Table 5.10. Total reductions in the stock are the 

sum of harvest and deforestation. The reduction of forests during 1980-90 is between 2.12 Mm^ 

to 2.44 Mm^ per year.

38,000 ha/year x  32.70 m^/ha/year = 1.24 Mm%a/year.
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Table 5.10 Reductions in the stock (Mm̂ )

Year Harvest Deforestation Total Reductions*

1980 OjW 1.24 2.12

1981 1.03 1.24 2.27

1982 0.92 1.24 2.16

1983 1.06 1.24 2.30

1984 1.06 1.24 2.30

1985 1.20 1.24 2.44

1986 1.00 1.24 2.24

1987 1.08 1.24 232

1988 1.04 1.24 2.28

1989 1.06 1.24 2.30

1990 0.88 1.24 2.12

* Harvest + Deforestation

Source: Column 2: Calculated from BBS, 1993a; Column 3: Own Calculation.

5.3.4 Economic Rent (P - C)

To get the value of the net change of the forest stock in monetary terms changes in physical 

terms have to be valued at a price. The stumpage value of timber is the economic rent of timber. 

The stumpage value (SV) is derived as:

SV

where,

P

i

C

P - [(1+i) X C]

price of the product 

profit margin

cost of logging, milling and transport

(5.3)

The cost of logging, milling, transport and labour as well as profit margin is calculated from the 

prices of timber. The cost of timber production varies between 60 to 85 percent of the market
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price depending on the quality of timber (ADB, 1993). In this study the total cost is estimated 

to be 65.5 percent of the product price. It is assumed that labour cost is 10 percent, logging cost 

15 percent, milling cost 15 percent, transport cost 5 percent and miscellaneous cost 

(maintenance, depreciation, administrative) is 10 percent of the price. A profit margin of 10.5 

percent of the price (equivalent to the prevailing interest rate in Bangladesh) is considered. An 

average quality timber is assumed here because the available timber prices are for all types of 

timber irrespective of the quality. The cost of production is assumed to be constant (i.e. 65.5 

percent of the product price) during 1980-90. Table 5.11 gives estimates of prices, costs and the 

economic rent.

Table 5.11 Economic rent of timber at current prices (TK/m^)

Year Price Cost Rent

1980 2179 1427 752

1981 3108 2036 1072

1982 4290 2810 1480

1983 4858 3182 1676

1984 5321 3485 1836

1985 13360 8751 4609

1986 15936 10438 5498

1987 17934 11747 6187

1988 16076 10530 5546

1989 17244 11295 5949

1990 20963 13731 7232

Source: Based on data from BBS, 1993a.

5.4 Results

5.4.1 Depreciation in Physical Terms

In Table 5.12 net change (depreciation/appreciation) in the stock of forest resources is shown. 

In the low case (MAI = 0.7 m^/ha/year), the change is always negative, implying a depreciation
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of the resource. In the medium case (MAI = 1.0 mVha/year), the change is both positive and 

negative. Except for a few years, the forestry sector experiences an appreciation of the stock in 

this case. With the high growth assumption i.e. MAI equal to 1.3 mVha/year, the forestry sector 

experiences an appreciation of its stock throughout the whole period. In this case the growth of 

forest exceeds the harvest.

Table 5.12 Depreciation of forestry resources in physical terms (Mm^)

Year MAI = 0.7 m^/ha/year MAI =1.0  m^/ha/year MAI =1.3 mVha/year

1980 - 0.29 +0.27 +0.83

1981 - 0.25 +0.30 +0.86

1982 - 0.21 +0.34 +0.89

1983 - 0.25 +0.32 +0.89

1984 - 0.24 +0.33 +0.89

1985 - 0.64 -0.13 +0.38

1986 - 0.52 -0.01 +0.50

1987 - 0.44 +0.13 +0.71

1988 - 0.68 -0.15 +0.39

1989 - 0.60 -0.06 +0.47

1990 - 0.44 +0.10 +0.64

Note: and ‘+’ imply depreciation and appreciation respectively.
Source: Tables 5.8 and 5.10.

5.4.2 Depreciation in Monetarv Terms

In estimating the net change of forests, no value has been assigned to plantations since these 

trees have not started to produce any market value. But it is recognised that they have future 

market value once they reach maturity level. Also this forest land itself has a value equivalent 

to the present value of benefits derived from the future production of timber on the productive 

forest land. In future these will add to the forest income.

Depreciation costs under various assumptions are presented in Table 5.13 and 5.14. When MAI
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= 0.7 mVha/year, the depletion cost is between 4 to 15.6 percent of the forestry sector GDP and 

between 0.1 to 0.6 percent of total GDP (Table 5.14). When MAI = 1.0 m^/ha/year, the 

depreciation is between 0.2 to 3.3 percent of the forestry sector GDP and between 0.01 to 0.1 

percent of total GDP. In this case the forestry sector experiences an appreciation as well. The 

appreciation cost is between 3.3 to 5.5 percent of the forestry sector GDP and 0.1 to 0.2 percent 

of total GDP. When MAI =1.3 m^/ha/year, the net change is always positive i.e. resources are 

being appreciated over time. The rate of appreciation is higher that the rate of depreciation. The 

appreciation varies from 8.8 to 17.4 percent of the forestry sector GDP and 0.3 to 0.7 percent 

of total GDP (Table 5.14). In Figures 5.4, 5.5 and 5.6 net changes in timber stock are shown.

Table 5.13 Depreciation under different assumptions (TK bn)

Year Depreciation/Appreciation

MAI = 0.7 m^/ha/yr MAI = 1 . 0  m % a/yr MAI = 1 . 3  m^/ha/yr

1980 - 0.22 + 0.20 + 0.62

1981 - 0.27 + 0.33 + 0.92

1982 - 0.32 + 0.50 + 1.32

1983 - 0.42 + 0.53 + 1.48

1984 - 0.43 + 0.60 + 1.64

1985 - 2.95 - 0.59 + 1.77

1986 - 2.85 - 0.04 + 2.77

1987 - 2.75 + 0.83 + 4.40

1988 - 3.75 - 0.80 + 2.14

1989 - 3.56 - 0.37 + 2.81

1990 - 3.19 + 0.70 + 4.58

Note: ‘yr’ stands for year
and ‘+’ imply depreciation and appreciation respectively.

Source: Tables 5.11 and 5.12.
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Table 5.14 Percentage share of depreciation under different assumptions

Year Net change as % o f Forestry GDP Net change as % o f Total GDP

MAI = 0.7 
m%a/yr

MAI = 1.0 
m^/ha/yr

MAI = 1.3 
m% a/yr

MAI = 0.7 
m^/ha/yr

MAI = 1.0 
m% a/yr

MAI = 1.3 
m% a/yr

1980 -4.0 +3.8 +11.6 - 0.1 + 0.1 + 0.3

1981 -4.5 +5.4 +15.4 - 0.1 + 0.1 + 0.4

1982 -4.0 +6.4 +16.9 - 0.1 + 0.2 + 0.4

1983 -3.8 +4.9 +13.6 - 0.1 + 0.2 + 0.4

1984 -4.0 +5.5 +15.0 - 0.1 + 0.1 + 0.4

1985 -15.6 -3.1 +9.3 - 0.6 - 0.1 + 0.4

1986 -13.9 -0.2 +13.5 - 0.5 - 0.01 + 0.5

1987 -10.8 +3.3 +17.4 - 0.5 + 0.1 + 0.7

1988 -15.5 -3.3 +8.8 - 0.6 - 0.1 + 0.3

1989 -13.4 -1.4 +10.6 - 0.5 - 0.1 + 0.4

1990 -10.4 +3.1 +16.7 - 0.4 + 0.1 + 0.5

Note: ‘yr’ stands for year
and imply depreciation and appreciation respectively.

Source: Own Calculation.

5.5 Conclusions

This chapter shows that timber products do exhibit both depreciation and appreciation under 

various assumptions. If the lower mean annual increment is considered the depreciation is 

considerable. In that case policies must be taken for efficient management of forests (see Chapter 

8). The high growth case (MAI = 1.3 m ^a/year) is the most optimistic scenario when forests 

experience appreciation. However, in the absence of accurate information about the growth and 

reductions of forests these estimates are only indicative.

Fuelwood, bamboo and other products represent a significant portion of the total value of forests. 

Non-market products or services from a forest can not be ignored as well. In Sweden, it was 

estimated that 30 percent of the total gross forest value was derived from non-timber forest 

resources or services e.g. berry picking, game hunting, fuelwood gathering and carbon fixing 

(Hultkrantz, 1991). A complete valuation of net change in forests requires the inclusion of all 

direct and indirect benefits. But this was not possible due to lack of adequate data.
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Figure 5.1 Production of Timber and Fuelwood (Mm3)

2.5 -■ Timber

Fuelwood

0.5 ->

1986 1988 19901976 1978 1980 1982 19841972 1974

Year

Figure 5.2 Share (%) of Forestry Sector in GDP and Agriculture

8

7

6

GDP5
en Agriculture

4

3

2

1

0
19881986 199019841972 1974 1976 1978 1980 1982

Year

143



Figure 5.3 Share (%) of Timber Income in Forestry GDP
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Figure 5.5 Share (%) of Depreciation/Appreciation in Total GDP
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Chapter 6 

D e p le t io n  C o s t  o f  N a tu r a l  G a s

6.1 Introduction

Natural gas is an important source of commercial energy in Bangladesh. Coal, oil and electricity 

are the other commercial sources of energy. Non-commercial energy is derived from traditional 

sources such as fuelwood, animal dung and agricultural and tree residues. Table 6.1 shows the 

energy balance for commercial and traditional sources of energy. In Bangladesh, though the 

share of traditional energy is declining over time, but it remains the major source of energy till 

now. Most of the energy requirements are met by traditional sources. In 1980, the share of 

commercial energy sources was 16.7 percent only. This increased at the rate of 5.4 percent per 

year to 26.8 percent in 1989. On the other hand the share of traditional sources of energy has 

reduced from 83.2 percent in 1980 to 73.2 percent in 1989, implying a rate of decline of 1.4 

percent per year (GOB, 1990). Table 6.2 shows the change in energy consumption pattern from 

different sources over the period 1980-89. The contribution of natural gas is increasing. In 1989, 

natural gas accounted for 12 percent of the total (commercial plus traditional) energy 

consumption compared to 5.2 percent in 1980. Petroleum products contribute 10 percent in the 

total energy consumption. The share of coal and electricity is small (1.8 and 2.8 percent 

respectively). Among the traditional sources of energy, agricultural residues are the major 

contributor (46 percent) followed by fuelwood (12.8 percent), dung (10.4 percent) and tree 

residues (4 percent). Figures 6.1 and 6.2 show the share of energy sources in 1980 and 1989 

respectively.

This chapter estimates depletion costs of natural gas under various alternative assumptions. The 

depletion time and the economic price of natural gas are also calculated. Various aspects of the 

natural gas sector, its contribution to the economy and pricing policy are discussed to give an 

overview of the resource. The estimated depletion costs are compared with other studies.
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Table 6.1 Energy balance of Bangladesh by source, 1989 in petajoules (PJ)

Sources of Energy Commercial Energy Traditional Energy Total Energy

Natural
Gas

Crude oil Petroleum
Products

Coal Electricity Total Agriculture
Residue

Tree
Residue

Fuelwood Dung Total
Biomass

(a) Supply (PJ)

Primary Production 163.4 0.0 2.7 0.0 3.3 169.4 316.6 27.2 88.2 71.7 503.7 673.1
Imports 0.0 53.5 48.0 12.3 0.0 113.8 0.0 0.0 0.0 0.0 0.0 113.8
Exports 0.0 0.0 -6.3 0.0 0.0 - 6.3 0.0 0.0 0.0 0.0 0.0 - 6.3
From Stock 0.0 -5.9 -6.8 0.1 0.0 -12.6 0.0 0.0 0.0 0.0 0.0 -12.6

Gross Supply (PJ) 163.4 47.5 37.7 12.4 3.3 264.3 316.6 27.2 88.2 71.7 503.7 768.0
Gross Supply (%) 21.4 6.2 4.9 1.6 0.4 34.5 41.5 3.0 11.6 9.4 65.5 100.0

(b) Transformation (PJ)

Refinery - 1.0 -47.5 44.1 0.0 0.0 - 4.4 0.0 0.0 0.0 0.0 0.0 - 4.4
Thermal Power Station -69.3 0.0 -8.8 0.0 24.4 -53.7 0.0 0.0 0.0 0.0 0.0 -53.7
Losses and Own use - 9.9 0.0 -4.0 0.0 -8.3 -22.2 0.0 0.0 0.0 0.0 0.0 -22.2

Net Supply in PJ (a -b) 83.2 0.0 69.0 12.4 19.4 184.0 316.6 27.2 88.2 71.7 503.7 687.7

Consumption (PJ)

Domestic 9.3 0.0 23.6 0.0 4.9 37.8 243.0 27.2 67.3 71.7 409.1 446.9
Industrial 14.0 0.0 7.0 9.5 10.0 40.5 73.6 0.0 19.1 0.0 92.7 133.2
Commercial 3.1 0.0 0.0 0.4 3.6 7.1 0.0 0.0 1.8 0.0 1.8 8.9
Transport 0.0 0.0 25.1 2.6 0.0 27.7 0.0 0.0 0.0 0.0 0.0 27.7
Agriculture 0.0 0.0 11.0 0.0 0.9 11.9 0.0 0.0 0.0 0.0 0.0 11.9
Others 0.0 0.0 0.3 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.3
Non-energy use 56.7 0.0 2.0 0.0 0.0 58.7 0.0 0.0 0.0 0.0 0.0 58.7

Total Consumption (PJ) 83.2 0.0 69.0 12.4 19.4 184.0 316.6 27.2 88.2 71.7 503.7 687.7
Total Consumption (%) 12.1 0.0 10.1 1.8 2.8 26.8 46.0 4.0 12.8 10.4 73.2 100.0

Source: GOB, 1990.
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Table 6.2 Energy consumption by sources (% in total energy consumption)

Energy Source 1980 1989 % change during 

1980-1989

Total commercial energy 16.7 26.8 + 5.4

Natural gas 5.2 12.1 + 9.8

Petroleum products 9.4 10.1 + 0.8

Coal 1.0 1.8 + 6.7

Electricity 1.1 2.8 + 10.9

Total traditional energy 83.2 73.2 - 1.4

Agricultural residue 55.2 46.0 - 2.0

Tree residues 4.1 4.0 - 0.3

Fuelwood 10.4 12.8 + 2.3

Dung 13.5 10.4 - 2.9

Source: BBS, 1992.

6.2 Natural Gas Reserves, Production and Consumption

Gas Reserves

Reserves of natural gas are defined as "proved reserves in place", "proved reserves recoverable" 

and "estimated additional reserves" (Webb and Ricketts, 1980). "Proved reserves in place" are 

those that have not been fully measured and assessed to see whether they are explorable under 

present and expected future economic conditions with existing technology. "Proved reserves 

recoverable" are those reserves which can be recovered under the existing economic and 

technological conditions. All reserves other than proved reserves whose existence is not known 

fully and certainly but whose existence can be inferred through favourable geological conditions 

are "estimated additional reserves". In Bangladesh, reserves are categorised as "proven", 

"probable" and "possible" (Petrobangla, 1994). Proven reserves are those which, on available
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evidence, are virtually certain to be technically and economically extractable. The probability 

of extraction is 1. Probable reserves are those which have not been proven yet but technically 

and economically have a 50 percent chance of being extracted. Possible reserves have a 25 

percent chance of being extracted at the existing level of technological and economic condition.

Bangladesh has large reserves of natural gas. However, there are various views about the natural 

gas reserves. The Fourth Five Year Plan (1990-95) mentions that the total number of gas fields 

is 15 and the total estimated reserve is about 13,000 billion cubic feet (BCF) out of which 1,350 

BCF has already been extracted by June 1990 (GOB, 1990). BBS (1992) mentions that the 

recoverable reserve is 36,820 BCF. According to the Task Force (1991) total reserve is 37,080 

BCF in which proven reserve is 25,660 BCF and possible reserve is 11,420 BCF recoverable 

reserve. Both BBS and the Task Force quote Petrobangla (a holding company for managing 

exploration and development activities of oil, gas and minerals) as their source of information. 

However, the latest information from Petrobangla is slightly different from the others. According 

to Petrobangla (1994) there are 17 gas fields with a total reserve of 21,354 BCF out of which 

12,416 BCF are proven. The cumulative production from 8 gas fields was 1,977.3 BCF till June 

1993. This leaves a net proven reserve of 10,438.8 BCF in the stock for future production. Table 

6.3 shows the reserve of natural gas in Bangladesh.
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Table 6.3 Natural gas reserves in Bangladesh (in BCF)

Field Year of 
Discovery

Reserves*
(1)

Proven
(2)

Cumulative
Production"
(3)

Net
Reserves*"
(4)=(l)-(3)

Net Proven 
Reserves**** 
(5)=(2)-(3)

Sylhet 1955 444 266 152.1 291.9 113.9

Chhatak 1959 1900 1140 26.5 1873.5 1113.5

Rashidpur 1960 2242 1309 - 2242 1309

Titas 1962 4138 2100 1000.2 3137.8 1099.8

Kailas Tila 1962 3657 2529 62.6 3594.4 2466.4

Hobiganj 1963 3669 1895 375.4 3293.6 1519.6

Bakhrabad 1969 1432 867 328.1 1103.9 538.9

Semutang 1969 164 98 - 164 98

Kutubdia 1977 780 468 - 780 468

Begumganj 1977 25 15 - 25 15

Feni 1981 132 80 11.3 120.7 68.7

Kamta 1981 325 195 21.1 303.9 173.9

Beani bazar 1982 243 114 - 243 114

Fenchuganj 1988 350 210 - 350 210

Jalalabad 1989 1500 900 - 1500 900

Belabo 1990 194 126 - 194 126

Meghna 1990 159 104 - 159 104

Total 21354 12416 1977.3 19376.7 10438.8

* *

* * *

* * * *

Include proven and probable reserves 
Cumulative Production up to June 1993 
Proven reserves net of production 
Total reserves net of production

Source: Petrobangla, 1994.

Supply and Production of Natural Gas

Natural gas is not uniformly distributed in Bangladesh due to the location of the gas fields. 

Mostly the urban households, fertilizer factories, industries, commercial units and power plants 

located in the eastern zone of the country are consumers of natural gas since they have access 

to the distribution network of natural gas. People in the western zone have to depend on 

imported petroleum products and indigenous biomass fuel. Due to technical and financial 

constraints the natural gas distribution network has not expanded to all parts of the country.
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Exploration of natural gas in Bangladesh has started since the beginning of the present century, 

Bangladesh has experienced three phases of oil and gas exploration (Table 6.4). Between 1910- 

1933 (British Period), 6 exploration wells were drilled by foreign companies. However, no oil 

and gas fields were discovered. During Pakistan Period (1951-1971), 34 wells were drilled out 

of which 20 were by national organisations and 14 by foreign companies. National organisations 

discovered 3 gas fields and foreign companies discovered 5 gas fields. After the independence 

in 1972, 51 wells were drilled between 1975-1990. The number of wells drilled by the national 

organisations were 39 and by foreign companies were 12. A total of 9 gas fields and 1 oil field 

have been discovered. Map 6.1 shows the location of the gas fields.

Table 6.4 History of oil and gas exploration in Bangladesh (number of wells)

Type of well British Period 

(1919-33)

Pakistan Period 

(1951-71)

Bangladesh 

Period (1971-90)
Whole Period 
(1910-90)

1. Exploration 6 22 26 54

2. Appraisal 0 10 11 21

3. Development 0 2 14 16

Total (1+2+3) 6 34 51 91

4. On-shore 6 33 44 83

5. Off-shore 0 1 7 8

Total (4+5) 6 34 34 91

Gas field- 

discovered

0 8 9 17

Oil field- 

discovered

0 0 1 1

Source: Task Force, 1991.

Until 1990 a total of 91 wells have been drilled out of which 54 were exploration wells, 21 

appraisal wells and 16 were development wells. During 1910-1990 17 gas fields and 1 oil field 

were discovered. The success rate in terms of exploration wells is 1:3. A number of geological
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surveys were carried out in 1951. Commercial gas deposits were discovered in 1955 at Sylhet 

and in 1959 at Chhatak, the north-eastern area of the country. Between 1960 and 1967 wells 

were drilled at Rashidpur, Kailastilla, Titas, Hobiganj and Cox’s Bazar. All these places are also 

situated in the eastern part of Bangladesh. Except Cox’s Bazar, all the other gas fields 

discovered were capable of producing gas on a commercial basis. In 1969 gas fields were found 

at Bakhrabad and Semutang. There have been a few gas shows in the West Zone but available 

information are inconclusive.

After the independence, in 1972 all activities of oil and gas were nationalised and Petrobangla 

was set up for exploration and development activities of these sectors. The exploration and 

transmission of oil, gas and minerals are being managed by a group of subsidiaries of 

Petrobangla. The sales and distribution of gas are being managed by another group of 

subsidiaries of Petrobangla. Titas Gas Transmission and Distribution Company and Bakhrabad 

Gas System Limited are the distributors of natural gas in the country. Titas Gas Company 

accounts for about 70 percent of total sales. Bakhrabad Gas System Limited operates the 

Bakhrabad gas fields as well as the associated transmission and distribution systems.

Production of natural gas is shown in Table 6.5. Between 1971-75 the rate of increase was 13.4 

percent per year and between 1975-80 the rate of increase was 11.2 percent per year. During the 

next five years (1980-85) the rate of increase was higher: 16.4 percent. The rate of increase in 

production fell to 10.1 percent per year during 1985-90. On the whole the increase in production 

was 12.7 percent per year during 1971-90. Figure 6.3 shows the production and consumption 

trend of natural gas.

If the production data are compared with consumption data (Table 6.6) the difference between 

the production and consumption estimates indicate the loss in the production, distribution and 

consumption of natural gas. This is referred to the system loss. The reasons for system losses 

in the gas sector are leakages in the gas distribution line (during flood), inefficient consumption 

practices and unauthorised gas connections by-passing metres. These losses are increasing over 

time. In 1975, the system loss was about 1.5 percent of total production while in 1991 the loss
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increased to 5.2 percent of the production.

Table 6.5 Natural gas production in Bangladesh

Year Production (BCF) Period Increase in production (% per year)

1971 17.7 1971-75 13.4

1975 29.3 1975-80 11.2

1980 49.9 1980-85 16.4

1985 106.7 1985-90 10.1

1990 172.8 1971-90 12.7

Source: BBS, 1975, 1980, 1992.

Consumption of Gas

The share of natural gas in energy consumption is increasing. In 1980, natural gas contributed

5.2 percent of the total (commercial plus traditional) energy consumption and 31 percent of the 

commercial energy sources. In 1989, the share of natural gas in total energy consumption 

increased to 12 percent and in commercial energy 45 percent. The share of commercial energy 

in total energy consumption has increased mostly due to the increase in the production of natural 

gas. This highlights the importance of natural gas in the economy.

Natural gas is consumed by five sectors of the economy. These are the power sector, the 

fertilizer industry, other industries, the commercial sector and the domestic sector. At present 

(1990) the power sector is the main consumer of natural gas. Power sector consumes 49.6 

percent of the total consumption of natural gas. The fertilizer sector is the second largest 

consumer of natural gas and consumes about 33 percent of the total consumption for gas. Table 

6.6 and Figure 6.4 show the gas consumption pattern by different sectors in Bangladesh.
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Table 6.6 Natural gas consumption pattern in Bangladesh (BCF)

Year Power Fertilizer Industry Commercial Domestic Total

1975 8.71 15.90 3.51 0.27 0.49 28.87
(30.2) (55.1) (12.2) (0.9) (1.7)

1976 11.40 15.29 4.22 0.36 0.77 32.03
(35.6) (47.7) (13.2) (1.1) (2.4)

1977 12.24 13.84 5.63 0.55 1.22 33.46
(36.6) (41.3) (16.8) (1.6) (3.6)

1978 14.75 14.50 6.25 0.95 1.81 38.24
(38.60 (37.3) (16.3) (2.5) (4.7)

1979 15.88 18.56 6.89 1.09 2.61 45.03
(35.3) (41.2) (15.3) (2.4) 0x8)

1980 19.22 17.39 7.96 1.34 3.60 49.50
(38.8) (35.1) (16.1) (2.7) (7.3)

1981 22.02 26.43 9.00 1.81 4.47 63.72
(34.6) (41.5) (14.1) (2.8) (7.0)

1982 28.38 24.82 9.42 2.14 5.39 70.13
(40.5) (35.4) (13.4) (3.0) (7.7)

1983 30.17 31.83 10.16 2.32 5.78 80.26
(37.6) (39.7) (12.7) (2.9) (7.2)

1984 38.08 30.89 13.41 2.23 6.35 90.96
(41.9) (34.0) (14.7) (2.5) (7.0)

1985 39.78 35.26 16.82 2.49 6.80 101.14
(39.3) (34.9) (16.6) (2.5) (6.7)

1986 51.85 37.82 19.78 2.73 6.73 118.92
(43.6) (31.8) (16.6) (2.3) (5.7)

1987 61.96 50.97 17.36 2.93 7.61 140.82
(44.0) 06% (12.3) (2.1) (5.4)

1988 65.26 53.65 15.03 3.13 9.25 146.31
(44.6) (36.7) (10.3) (2.1) (6.3)

1989 73.90 56.39 16.00 3.14 9.64 159.07
(46.5) (35.4) (10.1) (2.0) (6.1)

1990 81.50 54.13 15.43 3.11 10.03 164.16
(49.6) (9.4) (1.9) (6.1)

Note: Figures in the parenthesis are the percentages.

Source: BBS, 1980, 1992.
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Total consumption of natural gas increased steadily over time. The overall increase was 12.3 

percent per annum during 1975-90. Table 6.7 shows that during this period the increase in 

consumption was the highest for domestic sector (22.3 percent) followed by the commercial 

sector (17.7 percent). The fertilizer industry and other industries have experienced a growth rate 

of 8.5 and 10.4 percent per year respectively. The rate of increase in consumption was the lowest 

for all sectors during 1985-90. During this period the consumption in the industrial sector grew 

at a negative rate. Consumption in the domestic sector increased mainly during 1975-80. The 

increase in consumption of natural gas by the domestic sector can be related to the increase in 

population and the expansion of gas supply facilities. The high rates of growth in demand are 

also a reflection of the low cost of natural gas relative to other commercial energy sources (for 

example, in 1991 the price of petroleum oil was TK 211/MCF and the highest price for natural 

gas paid by the commercial sector was TK 134/MCF only).

Table 6.7 Increase of gas consumption by different sectors (% per annum)

Period Power Fertilizer Industry Commercial Domestic Total

1975-80 17.1 1.8 17.8 3.8 49.2 11.4

1980-85 15.6 15.2 16.1 13.2 13.5 15.3

1985-90 15.4 8.9 -1.1 4.5 8.1 10.2

1975-90 16.1 8.5 10.4 17.7 22.3 12.3

Source: Table 6.6.

6.3 Economic Importance and Pricing of Natural Gas

Economic Importance

In 1990, total income from natural gas was TK 1331 million. Table 6.8 shows the income from 

the natural gas sector is shown. Though the share of natural gas in country’s total income is not 

significant as yet, the potential of this sector is important. In 1972, the share of gas in total GDP 

was 0.02 percent and increased to 0.26 percent of the GDP in 1990. The share of natural gas in
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total GDP is increasing steadily over time. The income from natural gas in the GDP are shown 

in Figure 6.5.

So far natural gas has been used only within the country and has not been exported. If recovered 

and used efficiently, the country could export its surplus gas and use the export revenues for 

financing petroleum import requirements. In 1991, import costs for petroleum fuels alone were 

16 percent of total import costs in that year. This came down from about 42 percent in 1985 

(World Bank, 1993b). As the energy demand has been met by other energy sources, especially 

indigenous natural gas, the import petroleum products has declined.

Table 6.8 Contribution of natural gas in total GDP (TK mn) (1984 = 100)

Year TK million Percentage share in GDP

1972 54 0.02

1975 118 0.04

1980 346 0.10

1985 672 0.16

1990 1331 0.26

Source: BBS, 1993b.

Pricing of Natural Gas

Ideally, the economic price of natural gas should be determined by its opportunity cost or by its 

border price. The opportunity cost of gas can be determined in the following ways (Munasinghe 

and Schramm, 1983):

(i) Long-run marginal costs of supply (LRMC). This cost includes exploration, 

development, processing, transmission and distribution costs;

(ii) Foregone future net value of the gas or user costs;
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(iii) Net value of gas in alternative uses, such as its FOB export price net of production and 

delivery cost plus depletion allowance;

(iv) Net value of the gas as a current replacement of other energy resources, net of all 

differences in delivery and usage costs between alternative fuels.

The basic economic cost is the sum of LRMC and user cost. In Bangladesh, the above principles 

are not followed. Gas prices are determined by the government in the following manner. First, 

the next year’s sale are forecasted. Second, the cost of production in the next year is estimated. 

Third, total revenue requirements and price to cover costs are estimated. Other than economic 

factors, a number of non-economic factors are also considered in fixing gas prices. These prices 

do not reflect the true economic costs of gas since the market is not perfect. Pricing decisions 

are influenced by social, developmental, political and institutional factors and therefore, markets 

are often in disequilibrium. Distortions in the market also arise due to the general perception that 

the supply of natural gas is abundant. According to the Task Force (1991) the economic price 

of natural gas should be TK 130 per MCF. This estimate is based on the price of the cheapest 

alternative fuel price, coal. Sale prices of gas to all categories of consumers, except the 

commercial sector, were below the economic price. Munasinghe and Schramm (1983) and Julius 

and Mashayekhi (1990) also showed that the price of natural gas in Bangladesh does not reflect 

the economic price since the depletion cost is not included. Theoretically, due to subsidised price 

consumers and producers may not be able to receive appropriate signal from the market. A price 

below the opportunity cost implies that the demand for the product is not affected by a small 

rise in prices. On the supply side, producers do not receive adequate incentive to generate 

surpluses in order to invest in production expansion. This might lead to a supply constraint 

market. The subsidisation of gas prices also implies that less resources are available for future 

investments and for importing alternative fuels once the gas reserves are exhausted.
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6.4 Depletion Cost of Natural Gas

6.4.1 Methodology

The methodology for estimating the depletion cost of non-renewable resources is slightly 

different from that used for renewable resources like fisheries and forests. For a depletable 

resource like natural gas, the consumption (or production) of one unit of gas today means 

consumption of one unit less at a future date. Present consumption entails a penalty, namely the 

foregone use of gas consumed (Sanker and Schramm, 1982). The present value of this foregone 

future consumption is referred to as the depletion cost or the user cost. In this study, the 

depletion cost of natural gas is based on the above concept. The term depletion cost implies the 

economic depreciation of natural gas. In the literature this is also termed as depletion premium.

Time is an important factor in the economic analysis of a nonrenewable resource like natural 

gas. It is necessary to know when the resource will exhaust in order to decide on the flow of 

production over time. Alternative sources of fuels or backstop technologies have to be found to 

replace the exhausted resource. Backstop is a resource or technology that can provide the same 

services as natural gas without risking the exhaustion in any meaningful time frame. Estimation 

of the depletion cost of natural gas requires the knowledge of two factors :

(1) depletion time (Dj) i.e. when the gas reserves will run out; and

(2) future costs o f the alternative energy sources that will be used to replace it, i.e. the price 

of the marginal substitute for gas in future.

In order to test the sensitivity of the estimates for depletion costs to underlying parameters, the 

depletion cost has been calculated under different assumptions regarding (a) the volume o f 

reserves’, (b) alternative fuel prices', and (c) discount rates. The methodology of estimation is 

based on Munasinghe and Schramm (1983) and Julius and Mashayekhi (1990).
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6.4.2 Depletion Time (Dt)

The depletion time, (Dj) is the period at the end of which the gas reserve will be exhausted. The 

very simple way to calculate the depletion period is by dividing the volume of gas reserves in 

year t (R̂ ) by the amount of production in that year (QJ (Equation 6.1). This definition assumes 

that extraction continues at the present level of production throughout the period.

Dr = R,/Q: (6.1)

The cumulative production of natural gas was 1506.3 BCF till 1990 (BBS, 1992) which means 

that at the end of 1990, the net proven reserve of natural gas was 10909.7 BCF^ .̂ Total net 

proven plus probable reserves were 19847.7 BCF^ .̂ The production of gas was 172.8 BCF in 

1990. At the current level of extraction this means that the proven reserve will last for about 63 

years. If total proven plus probable reserves (i.e. 19847.7 BCF) are considered then the depletion 

time is longer i.e. 115 years. This means that with the given level of proven plus probable 

reserves, Bangladesh can continue to consume its natural gas at a constant production rate till 

the year 2105. If the lower level of reserves (10909.7 BCF) are considered, with a constant 

consumption rate, natural gas can be extracted till the year 2053.

However, in the case of natural gas, the estimation of depletion time is not as straightforward 

as indicated by equation (6.1). In the literature, a reserves to production ratio of 15:1 is assumed 

due to technical and economic reasons related to the life of the gas using facilities and the length 

of the supply contracts (Julius and Mashayekhi, 1990). This assumption is adopted in this study. 

This implies that the production will be maximum at a rate that reflects a 15 year reserves to 

production ratio. That is, once the reserves-production ratio reaches 15:1 no more additional gas 

could be allocated from a given deposit and increased demand has to be met from other sources. 

The production path of natural gas over time is shown in Figure 6.6. The production increases 

to reach a maximum at b. At this point, the reserves-production is 15 (at time T). As the total

12416 BCF (Proven reserve) - 1506.3 BCF = 10909.7 BCF  

21354 BCF (Total reserve) - 1506.3 BCF = 19847.7 BCF
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stock of the resource is fixed, rapid depletion due to higher production rates in the earlier stages 

of production, will lead to an earlier levelling off of the maximum feasible production or optimal 

production rates from a given reservoir. These would then either tend to be uniformly lower for 

the rest of the reservoir life or lead to an earlier depletion of the reservoir. For natural gas, it is 

important to maintain a sufficient gas supply over the economic life expectancies of the gas 

producing facilities and the gas using appliances. Therefore, it is assumed that gas extraction will 

be uniformly reduced over the rest of the reservoir’s life. Higher consumption in early years will 

reduce the maximum production rates.

If T is the time when the production constraints become binding, i.e., when the reserve- 

production ratio reaches 15:1 then:

D r = T  + 15 (6.2)

If the production of natural gas is increasing at a given rate, the production trend over time can 

be expressed as follows:

Ee„(i+o'+i5er = « (6 3)

where,

Qt = gas production in year t

t = time in years, t = 0, 1,2, .......

T = year of maximum production when the reserve-production ratio reaches 15:1

i = rate of projected annual increase in production till time T

R = total known reserves

Two different volumes of reserve (R) are considered in this study.

R, = Net Proven Reserve

R2 = Net Proven + Probable Reserve
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28.

Given the following data T is estimated from equation (6.3):

R, = 10909.7 BCF

Rg = 19847.7 BCF

i = 12.7

Q,99o = 172.8 BCF

Depending on the reserves positions, the values for the two time periods (T, and Tj) are

T, = 9 years (for R,)

T2 = 14 years (for R2)

T, and T2 correspond to R, and R2 respectively.

Now the depletion time is estimated as:

Dt, = 9 + 1 5  = 24 (year 2014)

Dt2 = 14 + 15 = 29 (year 2019)

Dj, and correspond to R, and R2 respectively.

6.4.3 Backstop Prices (PJ

Once the reserve of gas is exhausted an alternative source of fuel has to be chosen. The most 

likely replacement fuel will be lower priced imported coal. Coal can be imported from Australia, 

India or China where large quantities of coal are available. The other two options are expensive 

imported liquified natural gas (LNG) and imported fuel oil. In this study all three types of 

backstop resources are examined.

Assuming the average annual growth rate of natural gas consumption over the past 19 years 
(1971-1990) continues in the future.

Calculation of T is shown in Appendix A3.1.
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The likely increases in fuel prices are assumed to be 1 and 2 percent per annum. So the backstop 

or replacement fuel prices can be calculated as follows:

Pb = P ( l+ rf  (6.4)

where,

Py = backstop prices at time T

P = current prices of replacement fuels

r = rate of increase in prices ( = 1 percent and 2 percent)

T = period until the depletion constraints becomes binding ( = 9 years and 14 years)

The calculation of backstop prices are based on prices paid by Japan to import fuels on the

assumption that Bangladesh would pay the same price to import fuels in future. All prices are

converted into $/toe^ .̂ The prices in 1990 for steam coal $50.75/tonne (i.e. $76.13/toe) and for 

LNG $ 140.75/toe (lEA, 1991). Import prices for fuel oil in Japan were not available. Domestic 

prices in Japan vary across different sectors and for Light Fuel Oil (LFO) and Heavy Fuel Oil 

(HFO). Here the weighted average of these prices is used. The weights used are the shares of 

different sectors in natural gas consumption in Bangladesh. These weights are used as fuel oil 

would be replacing the gas used in these sectors. It is further assumed that the fertilizer sector 

uses LFO and other industries use HFO, the power sector uses HFO and the domestic and 

commercial sectors use LFO. The price of "imported" fuel oil is estimated to be $248.2/toe (see 

Appendix A3.2). In Table 6.9 the backstop prices are presented.

The conversion factors used are:

Natural gas: 43.57 MCF = 1 toe
Coal: 1.5 tonne = 1 toe
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Table 6.9 Backstop prices ($/toe)

Backstop Resource Price increase 1 % Price increase 2 %

Fuel oil

T = 9 years 271.5 296.6

T = 14 years 285.3 327.5

Coal

T = 9 years 83.3 91.0

T = 14 years 87.5 100.5

LNG

T = 9 years 153.9 168.2

T = 14 years 161.8 185.7

Source: Own Calculation

6.4.4 Discount Rate (d)

Project appraisal involving benefits and costs which occur over time relies on discounting to 

convert these into present values, thereby allowing comparison. It is generally accepted that $1 

today is worth more than $1 tomorrow. Not only are people impatient and have a ‘pure time 

preference’, but also because income per capita is assumed to rise over time and the extra utility 

from one more unit of consumption in the future declines. In developing countries, growth is 

very slow and stagnant sometimes even negative, but individuals’ pure time preferences tend to 

be high due to poverty. People are concerned with the present consumption rather than future 

planning and this implies a higher pure time preference leading to rapid exploitation of 

resources. Therefore, to reduce the exploitation of natural resources a lower discount rate should 

be used.

The choice of an appropriate discount rate is a controversial and difficult issue (Markandya and 

Pearce, 1988). Which discount rate should be used or whether projects should be discounted at 

all has also been questioned from the intergenerational equity point of view. Discounting 

introduces a bias against the future in decision-making as the choice of the discount rate is based
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on current preferences and perceptions of future needs, not on future populations’ preferences. 

The policy solution for the government is to impose a lower discount rate. Which discount rate, 

however, is unclear. The above argument is based on the additional assumption that a higher 

discount rate leads to degradation. This is not always tme. For example, lower discount rates 

favour investments that will raise future capital stocks, but the manufacture of capital may 

require higher inputs of natural resources, leading to a more rapid degradation.

Given the unclear link between the discount rate and environmental stocks and difficulties of 

deciding policy prescriptions to adjust discount rates, the conventional approach is to use the 

social rate of discount. The social rate of discount averages opportunity cost of not investing 

elsewhere i.e. the mean return to investment in a country and the ‘social rate of time preference’ 

which combines society’s pure time preference with the idea that the marginal value of future 

consumption is less valuable than current consumption.

In this study three different discount rates: 0 percent, 5 percent and 12 percent per annum are 

used. The lower value (0 rate of discount) is chosen to reflect the environmental concern. A 12 

percent discount rate is used since it is the standard ‘accounting rate of interest’ to appraise 

government projects (Pearce and Warford, 1993). A discount rate of 5 percent is taken as the 

intermediate value.

6.4.5 Depletion Cost (DEP^„„)

At the point when the depletion constraint becomes binding the marginal value of an additional 

unit of gas is represented by the potential utilization of this unit over the 15 years remaining life 

expectancy of the reservoir (Munasinghe and Schramm, 1983). The value of depletion cost (V^^p 

per unit of gas is estimated using equation (6.5). Figure 6.6 illustrates that an additional unit of 

gas extracted today will reduce the optimum extraction rate over the last 15 years of the life of 

the reserve. This reduction over 15 years time period is the foregone future consumption due to 

an additional unit extracted today. Equation 6.5 estimates the discounted value of this foregone 

consumption (over time T+1 to T+15) at time T, and then further discounts this to its present
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value.

where,

Pb

Cy

d

T

(6.5)

price of the backstop resource at year T 

cost of production of backstop resource 

discount rate

time before the reserves reach a 15:1 reserves to production ratio

Since the replacement fuels will be imported the production cost for the importing country in 

equation (6.5) will be zero (i.e. C = 0).

Using equation (6.5) total depletion cost is derived as:

DEPgas Qt ^ ^Dep (6X%

gas

where,

DBF

Qt

V oep

total cost of depletion 

production of gas in year t 

cost of depletion per unit of gas

6.5 Results

The depletion cost is estimated under 4 cases for each type of backstop resource. These cases 

are described below.

Case 1 Low price and low reserves. In this case price is assumed to increase by 1 

percent per year. Only proven reserves (10909.7 BCF) are considered here. The 

reserves will exhaust in 24 years i.e. by 2014.
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Case 2 Low price and high reserves. The rise in prices of backstop resources is one

percent, but reserves are higher than in Case 1. In this case reserves include 

both proven and probable i.e. 19847.7 BCF. Therefore, the depletion time will 

be longer - 29 years.

Case 3 High price and low reserves. This case is similar to Case 1 with respect to

reserves. The only difference is the assumption about the price increase. Here 

it is assumed that the prices of the replacement fuel will increase at 2 percent 

per year in future.

Case 4 High price and high reserves. Prices are assumed to increase by 2 percent per

year. Reserves are larger in this case (19847.7 BCF). The depletion time is 29 

years. So the reserves will be exhausted in the year 2019.

On the basis of these information depletion costs of natural gas are calculated in Table 6.10 for

the three rates of discount.
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Table 6.10 Depletion costs under different assumptions (TK /toe)

Backstop Resource Discount Rate

0% 5% 12%

Fuel oil

Case 1 Low price low reserves 9681.9 4534.6 1775.5

Case 2 Low price high reserves 10175.8 3734.2 1058.9

Case 3 High price low reserves 10579.6 4955.0 1940.2

Case 4 High price high reserves 11680.8 4286.5 1215.5

Coal

Case 1 Low price low reserves 2969.7 1390.9 544.6

Case 2 Low price high reserves 3121.2 1145.4 324.8

Case 3 High price low reserves 3245.1 1519.9 595.1

Case 4 High price high reserves 3582.8 1314.8 372.8

LNG

Case 1 Low price low reserves 5490.4 2571.5 1006.9

Case 2 Low price high reserves 5770.5 2117.6 600.5
Case 3 High price low reserves 5999.5 2809.9 1100.2

Case 4 High price high reserves 6624.0 2430.8 689.3

Source: Own calculation

6.5.1 Depletion Costs

The results presented in Table 6.10 show that coal is the cheapest backstop resource followed 

by LNG and fuel oil. As expected, depletion costs vary with the costs of the replacement fuel. 

The most expensive alternative, i.e. fuel oil, gives the highest depletion cost and the cheapest 

option, i.e. coal has the lowest cost among the three options. Discount rates influence depletion 

cost estimates in a significant way. A lower discount rate increases the depletion costs. Depletion 

costs are the lowest with a 12 percent discount rate (Table 6.10) as the loss in future 

consumption has a lower present value.

Exchange rate in 1990: $1 = TK 35.667 (World Bank, 1993b)
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The influence of growth in prices of fuels is not very significant. Depletion costs do not 

fluctuate much due to different prices in future. Figures 6.7, 6.8, 6.9 and 6.10 show how 

depletion costs under different assumptions vary. In absolute terms, the difference in depletion 

costs reduce as the discount rate increases. At zero rate of discount the absolute difference in 

depletion costs are large and more price sensitive.

Depletion costs with a zero discount rate for cases 1 and 3 are about 5.5 times of those at 12 

percent rate of discount. In cases 2 and 4 the costs at zero discount rates are about 9.6 times the 

depletion costs at 12 percent discount rate. The magnitude of difference is greater in cases 2 and

4 as higher reserves have been assumed. Higher reserves lead to a higher value for T, the time 

before the optimum extraction constraint becomes binding (or the year of maximum production). 

A longer time period increases the divergence between a zero and a 12 percent discount rates. 

At the zero discount rate, depletion costs are 2.1 times the costs at 5 percent discount rate in 

cases 1 and 3; and for cases 2 and 4 (high reserves and high T) the depletion costs are 2.7 times 

the costs at 5 percent. This implies that with a lower discount rate (5 percent) the difference in 

depletion cost is not significantly different for the two depletion times (T) considered.

Except in the case of zero discount rate, higher reserves (and, therefore, a longer depletion time) 

give lower depletion costs in two other cases (i.e. with 5 and 12 percent discount rates). With

5 percent discount rate the depletion cost with higher reserves is 81 to 86 percent of that of with 

lower reserves. On the other hand, the depletion cost with higher reserves is 59 to 62 percent 

of that of with lower reserves in the case of 12 percent discount rate.

Total depletion cost is calculated by multiplying the quantity of natural gas extracted in 1990 

with the depletion cost per unit of gas. The quantity of gas has been converted from cubic feet 

to tonnes of oil equivalent (43.57 MCF = 1 toe) to facilitate calculation. In Table 6.11 total 

depletion costs and the percentage share of depletion costs in the total GDP are presented.

The percentage of depletion cost in the total GDP varies from 0.2 to 5.6 percent depending on 

the assumptions about the discount rate and reserves. As usual, the lowest discount rate gives
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the highest percentage of cost in GDP. In this case the share of depletion cost varies from 1.4 

to 5.6 percent. With 5 percent rate of discount, the percentages of cost are between 0.5 - 2.4 of 

GDP. In the case of 12 percent discount rate the share of depletion cost in GDP is the lowest: 

between 0.2 - 0.9 percent of GDP.

Table 6.11 Total Depletion costs and its share in GDP under different assumptions

Backstop Resource Total depletion cost (TK bn) Percentage Share in GDP

Discount Rate Discount Rate

0% 5% 12% 0% 5% 12%

Fuel oil

Case 1 Low price low reserves 38.4 18.0 7.0 4.6 2.2 0.8

Case 2 Low price high reserves 40.4 14.8 4.2 4.8 1.8 0.5

Case 3 High price low reserves 42.0 19.7 7.7 5.0 2.4 0.9

Case 4 High price high reserves 46.3 17.0 4.8 5.6 2.0 0.6

Coal

Case 1 Low price low reserves 11.8 5.5 2.2 1.4 0.7 0.3

Case 2 Low price high reserves 12.4 4.5 1.3 1.5 0.5 0.2

Case 3 High price low reserves 12.9 6.0 2.4 1.5 0.7 0.3

Case 4 High price high reserves 14.2 5.2 1.5 1.7 0.6 0.2

LNG

Case 1 Low price low reserves 21.8 10.2 4.0 2.6 1.2 0.5

Case 2 Low price high reserves 22.9 8.4 2.4 2.7 1.0 0.3

Case 3 High price low reserves 23.8 11.1 4.4 2.9 1.3 0.5

Case 4 High price high reserves 26.3 9.6 2.7 3.1 1.2 0.3

Source: Own calculation.

6.5.2 The Issue of Externality of Fuels

In this study the estimation of depletion cost does not take into account the externalities for coal 

though such externalities could be significant (as Chapter 7 shows). The emission of carbon 

dioxide, sulphur and particulates from coal is very high and compared to gas more coal is 

needed for power generation. If one looks at the environmental costs and the efficiencies at the
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end user point then costs of backstops may change.

Strictly, the choice of a backstop technology should be based on the fuel with the lowest 

marginal cost relative to natural gas. This cost includes marginal private costs and marginal 

external costs or externality ‘adders’ (Pearce et al, 1992). Externality adders should be added 

to the marginal private cost to reflect the non-market damage due to pollution. In principle, the 

marginal pollution cost (externality adders) of both coal and natural gas should be included in 

order to estimate depletion costs. If the marginal pollution cost of coal is greater than that of 

natural gas then the depletion cost estimate would tend to rise. In the absence of full set of 

estimates of externality ‘adders’ this study adopts marginal private cost estimates only. 

Therefore, the results in this study should be interpreted carefully bearing this in mind.

6.5.3 Comparison of Results with Other Studies

In Table 6.12 the results of this study are compared with other studies undertaken to estimate 

the depletion cost for natural gas in Bangladesh. The estimates of depletion costs from different 

studies have been converted to 1990 prices using the GDP deflator to facilitate comparison. 

Table 6.13 sets out some additional information in these studies being compared which may 

explain the variation in the results.
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Table 6.12 Comparison of results (depletion costs, $/toe)

Study/Backstop resource Discount rate

0% 5% 6% 10% 12% 15%

Munasinghe and Schramm, 1983*

In 1980 prices

Fuel oil at $ 194/tonne
Fuel oil at $350/tonne (3% price increase for 20 years)

15.0
28.2

9.4
17.6

4.7
8.9

Coal at $58/tonne (FOB price)
Coal at $71/tonne (1% price increase for 20 years)

7.6
9.3

4.7
5.8

2.4
2.9

Natural gas at $ 1.5/MCF 3.5 2.2 1.1

In 1990 prices

Fuel oil at $ 194/tonne
Fuel oil at $350/tonne (3% price increase for 20 years)

37.1
69.8

23.2
43.6

11.6
22.1

Coal at $58/tonne (FOB price)
Coal at $71/tonne (1% price increase for 20 years)

18.9
23.0

11.7
14.3

5.9
7.2

Natural gas at $ 1.5/MCF 8.7 5.4 2.7

World Bank, 1982*

In 1981 prices 
Fuel oil at $ 194/tonne 
Coal at $71/tonne 
Natural gas at $ 1.5/tonne

42.7
26.1
10.0

10.5
6.5
2.6

In 1990 prices 
Fuel oil at $ 194/tonne 
Coal at $71/tonne 
Natural gas at $ 1.5/MCF

95.5
58.5 
22.4

23.4
14.6
5.8

Julius and Mashayekhi, 1990

In 1986 prices
Replacement fuel at $3.50/MCF 2.6

In 1990 prices
Replacement fuel at $3.50/MCF 3.5

This study (only with high reserves)

In 1990 prices

Price increase 1%

Fuel oil at $330/toe 
Coal at $87.3/toe 
LNG at $201.2/toe

285.3
87.5

161.8

104.7
32.1
59.4

29.7 
9.1

16.8

Price increase 2%

Fuel oil at $379.4/toe 
Coal at $ 100.2/toe 
LNG at $230.9/toe

327.5
100.5 
185.7

120.2
36.9
68.2

34.1
10.5
19.3

* Depletion costs are converted from $/MCF from the original studies.

Note: Original Values are given in Appendix A3.3.
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Table 6.13 Assumptions in different studies

Study Reserves Discount Rate

Munasinghe and Schramm, 1983 10 BCF 10%, 12%, 15%

World Bank, 1982 10 BCF 6%, 12%

Julius and Mahsayekhi, 1990 12000 BCF 12%

This study 10909.7 BCF

19847.7 BCF

0%, 5%, 12%

Table 6.13 shows that in all the studies (except Julius and Mashayekhi, 1990), fuel oil is the 

most expensive replacement option for replacing natural gas. In this study coal is the cheapest 

alternative. But other studies find that alternative sources of natural gas are the cheapest. The 

difference in results is due to the assumptions regarding the reserve position, discount rate and 

future prices of alternative fuels. This study is based on more recent data about reserve positions 

and the rate of extraction which are likely to give better estimates.

6.5.4 Economic Price of Natural Gas

The estimation of depletion costs or user costs allows to calculate the economic price of natural 

gas. Since depletion costs are calculated under various scenarios the economic price will vary 

accordingly. In this section the economic price of gas is derived using only one set of results 

to get an indication of the difference between the market price and economic price. The case of 

coal (with low price increase and high reserves and 5 percent discount rate) is considered since 

coal is found to be the cheapest backstop resource. The market price and estimated economic 

price of natural gas presented in Table 6.14 shows that the economic price is 1.2 to 2 percent 

higher than the domestic market price of natural gas. In other words, the domestic market prices 

of natural gas are only 50 to 80 percent of the economic price. This implies that the resource 

is not used efficiently.
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Table 6.14 Natural gas prices in Bangladesh, 1990 (TK/MCF)

End Users Market Price Depletion Cost* Estimated Economic 
Price

Power Generation 37.95 31.92 69.87

Fertilizer Production 3Z82 31.92 64.74

Industrial Consumers 80.50 31.92 112.42

Commercial Consumers 126.50 31.92 158.42

Source:

Backstop Resource: Coal; Assumptions: 1 percent price increase, high reserve 
(i.e. Case 2) and 5 percent discount rate.

Column 2: World Bank, 1993b; Column 3 and 4: own calculation.

6.6 Conclusions

This chapter showed that the depletion costs vary with assumptions of discount rate, future prices 

of backstop resource and the volume of reserves. The discount rate is the single most important 

determinant of the variations in depletion costs. Across fuels, the difference in fuel prices 

explains the difference in the values for depletion costs.

Coal is the cheapest replacement fuel and the economy would opt for this alternative once 

natural gas reserves are exhausted. Availability of the backstop resource is also an important 

factor in the choice of the alternative fuel. Expensive options will add to the economy’s costs. 

The use of cheaper alternative i.e. coal would involve other environmental costs, like a higher 

level of carbon emissions per unit of useful energy. These issues have not been addressed in this 

analysis. This chapter has estimated the depletion costs for natural gas. The huge depletion cost 

implies that inefficient use of a clean and exhaustible resource like natural gas would impose 

heavy costs on the economy.
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Figure 6.1 Share of Energy Sources in Total Energy Consumption
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Figure 6.3 Productin and Consumption of Natural Gas (BCF)
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Figure 6.5 Contribution of Natural Gas in GDP (in TK mn)
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Figure 6.7 Total Depletion Cost; T = 9 and 1 % Price Increase
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Figure 6.8 Total Depletion Cost; T = 14 and 1 % Price Increase
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Figure 6.9 Total Depletion Cost; T = 9 and 2% Price Increase
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Chapter 7

V a lu in g  th e  H e a lth  E f f e c t s  o f  P a r t ic u la t e  A ir  P o l lu t io n

7.1 Introduction

In this chapter the effect of air pollution is evaluated both in physical and monetary terms. The 

pollutant selected is particulate matter since it is widely recognised as having severe health effect 

in urban areas (Ostro, 1994; Ostro et al, 1995; Schwartz and Marcus, 1990; Schwartz et al, 

1991; Schwartz et al, 1993; Schwartz and Dockery, 1992a; Schwartz and Dockery, 1992b; 

Schwartz, 1993; Pope and Dockery, 1992; Dockery et al, 1992; Dockery et al, 1993; Pope et 

al, 1991; Pope et al, 1992; Pope et al, 1995; Fairely, 1990; Xu et al, 1994). A description of the 

air pollution problem in Dhaka city and the impact of particulate air pollution on human health 

are also presented briefly. Mortality and morbidity effects of ambient concentration of particulate 

matter (PMjo) are estimated in terms of the number of deaths and the restricted activity days. 

Estimation of the total cost of air pollution on the society is not attempted since available data 

can be used to estimate only a few aspects of health damage. All estimations in this chapter are 

done for 1990 since the available air quality data are for 1990.

The pattern of population growth in Bangladesh shows that the growth of urban population is 

faster than the national growth of population. The intercensal growth rates of population show 

that the urban population accounted for 15.5 percent of the total population in 1981 compared 

to 2.4 percent in 1901 (BBS, 1992). Latest data (1991) suggest that 19.6 percent of the total 

population live in the urban areas (BBS, 1992). The population growth in urban areas is shown 

in Table 7.1 and in Figure 7.1.

Among the cities Dhaka has experienced an unprecedented growth of population. In 1974 the 

population of Dhaka Statistical Metropolitan Area^' (SMA) was 2,068,353 and in 1981 it 

increased to 3,440,147. During 1974 and 1981 the annual growth rate of SMA population in

SMA was introduced by BBS in 1981 which constitutes the Dhaka Municipal Corporation and 
other urban township in Dhaka.
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Dhaka was about 7.3 percent (BBS, 1981). According to the 1981 Population Census the total 

area of Dhaka was 414 sq km which means that the density of population was 8309 persons per 

sq km. In 1990 the area under Dhaka SMA expanded to 522 sq km and the population increased 

to 6,105,160, implying a population density of 11,695 persons per sq km which is fifteen times 

higher than the density of population of the country as a whole^^ (BBS, 1992). The population 

density of other cities in 1990 were: 2,189 person per sq km in Chittagong, 3,702 persons per 

sq km in Khulna and 1,371 persons per sq km in Rajshahi (BBS, 1992).

The increase in the urban population has led to rapid urbanization and industrialization in the 

main cities of Bangladesh. This has resulted a drop in the air quality of the cities and a decrease 

in the quality of urban environment.

Table 7.1 Growth of urban population in Bangladesh

Census
Year

Total Urban
Population

(million)

% of Urban 
Population

Annual Growth Rate % (Exponential)

National Urban

1901 0.70 2.43 - -

1911 0.80 2.54 0.94 1.34

1921 0.87 2.61 0.60 0.84

1931 1.07 3.01 0.74 2.09

1941 1.54 3.66 1.70 3.71

1951 1.83 4.34 0.50 1.74

1961 2.63 5.19 2.26 3.69

1974 6.00 8.87 2.48 6.55

1981 13.56 15.54 2.35 12.35

1991 20.87 19.63 2.17 4.40

Source: BBS, 1993b.

The density o f population in Bangladesh is 763 persons per sq km (BBS, 1992).
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7.2 Air Quality in Dhaka

Outdoor Air Pollution

The economy of Bangladesh is centred mostly in Dhaka. As a centre of economic activities and 

as a densely populated city Dhaka has experienced degradation of the environment on a larger 

scale than the other cities.

There are limited information on the air quality of Bangladesh since air quality is not monitored 

on a regular basis. Only recently has an attempt made on an experimental basis to monitor air 

quality in two cities - Dhaka and Chittagong. The Department of Environment (DOE) monitored 

the ambient air quality of Dhaka from January to June in 1990. Air quality in the Chittagong 

Metropolitan Area was monitored at a very small scale and is not sufficient to draw any 

conclusions.

Information on the 24 hour concentration of three important pollutants - Total Suspended 

Particulate (TSF), Sulphur Dioxide (SOj) and Nitrogen Oxide (NOj) were collected from three 

different types of areas in Dhaka - commercial, residential and industrial. The areas are: 

Motijheel, Lalmatia and Tejgaon respectively. In this chapter the focus is only on the TSF 

concentration for two reasons. Firstly, TSF is the major contributor to air pollution in 

Bangladesh. Secondly, the concentration of SOj and NO2 are extremely low which throws doubt 

on the accuracy of data. The DOE itself points out ‘some experimental errors cannot be ruled 

out in view of the whole effort being a pilot-cum-training exercise’ (DOE, 1990). As can be seen 

from Table 7.2, except in January, the concentration of SO^ observed in all the areas is low 

during the whole period of observation. In January the SO2 concentrations in Motijheel and 

Tejgaon crossed the Bangladesh standard for 24 hour concentration of SO2 in the industrial and 

mixed use areas (i.e. 80 itg/m^). The concentration of NO2 is below the standard for Bangladesh 

during the whole period of observation.
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Table 7.2 Mean SO; and NO; concentrations (|ig/m̂ ) in selected areas in Dhaka city

Pollutants/Area January February March April May June

SO.

Motijheel 90.9 7.0 7.9 16.2 4.0 4.0

Lalmatia 6.9 n.a. 12.9 8.3 4.0 5.3

Tejgaon 195.2 n.a. n.a. 4.0 4.0 4.0

Motijheel 24.1 17.4 12.4 7.4 5.6 5.9

Lalmatia 26.1 n.a. 9.2 5.6 10.8 6.8

Tejgaon 10.6 n.a. n.a. 4.0 5.7 5.0

n.a. = not available 

Source: DOE, 1990,

National standard for ambient air quality in Bangladesh for different types of areas is shown in 

Table 7.3. The values of concentration are for 24 hour duration. The allowable level of TSP 

concentration in residential area is 140 |ig/m \ For industrial and mixed use areas the acceptable 

level of TSP concentration is 360 |Lig/m\ Mixed use areas are those which are used for 

residential, commercial and industrial purposes.

Table 7.3 National ambient air quality standard for Bangladesh (24 hours duration)

Types of Area TSP flg/m^ SO; M-g/m̂ NO; |ig/m^

Residential Area 140 60 60

Industrial and Mixed Use Area 360 80 80

Source: DOE, 1990.

184



Table 7.4 Mean TSP concentration (|ig/m̂ ) in selected areas in Dhaka city

Area January February March April May June

Motijheel 360 316 267 166 135 90

Lalmatia 287 n.a. 255 211 183 123

Tejgaon 401 n.a. n.a. 167 112 89

n.a. = not available 

Source: DOE, 1990.

Table 7.4 shows the mean concentrations of TSP in three areas for different months. In Motijheel 

commercial area the TSP concentration does not exceed the Bangladesh standard for mixed use 

areas. In Lalmatia residential area TSP concentrations exceed the national air quality standard 

in January, March, April and May. In Tejgaon industrial area the TSP value crossed the standard 

level only in January. TSP observations indicate that industries in Tejgaon were not the most 

critical source of TSP. Concentration in Motijheel commercial area is the highest among the 

three areas throughout the observation period except in January. The most likely reason for high 

TSP concentrations in Motijheel is vehicle emissions since vehicular traffic is very high in this 

area. Even in Lalmatia residential area the concentration of TSP is higher than Tejgaon (except 

in January). This could be due to vehicular traffic as well as the construction works in the area.

A survey done by the DOE showed that emissions from 86 percent of the vehicles in Dhaka city 

exceeded the acceptable level of emission in terms of the Bangladesh standard. Out of 908 

vehicles which were surveyed 699 (i.e. 77 percent) were found to be highly polluting (DOE,

1990). The reasons for increasing emissions from vehicles are firstly, the number of vehicles are 

increasing with the population increase. Total number of vehicles in Bangladesh was 134,270 

in 1983 which increased to 265,454 in 1992 implying a 7.9 percent annual growth (BBS, 1994). 

Figure 7.2 shows the trend of increase in vehicles in Bangladesh. Secondly, gasoline fuelled 

motor cycles, scooters and three wheelers are poorly maintained and are major contributors of
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vehicular SOj, N022 and carbon emissions^^ Also the gasoline contains lead so that vehicles 

emit lead as well. Diesel powered vehicles such as bus, minibus and trucks emit TSP.

The original values of TSP concentration monitored by DOE have been converted into units of 

PMjo microgram (pg) per cubic metre (m^) in Table 7.5 since it is PM,o that is implicated in 

health impact. PM,o is a measure of particulate matter based on the diameter. This is the 

particulate with diameter less than 10 microns (p) representing inhalable particles. According to 

the U.S. EPA (1982) and Desvousges et al (1993) the conversion factor is: PM,o = 0.55 TSP. 

This means that PM,g is 55 percent of the TSP. In other words, a level of TSP of 100 pg/m^ is 

equal to a PM,g measurement of 55 pg/m^.

The conversion factor PM,g = 0.55 TSP has been used to calculate the concentration of PM,g in 

Dhaka. In Table 7.5 the average concentration of PM,g in all the areas has been calculated in two

steps. First, the concentration of PM,g in each area has been averaged simply by dividing the

total concentration of that area during the months of observation by the number of months to 

get the average concentration for each area, i.e.

AVC, = E c,/N„ (7.1)

where,

A VC, = average concentration in area i

Cj = concentration in area i

= number of months of observation

In the next step, the average concentrations in all three areas have been summed up and divided 

by the total number of areas under consideration. This gives the final estimate of an average 

concentration (AC) of PM,g which can be described as mean concentration in six months. The

”  Fuel consumption (petroleum) by the transport sector is 25.1 petajoules (PJ) o f petroleum (BBS,
1991). Therefore, total carbon emission from the transport sector in Bangladesh is 509.15 
thousand tonnes o f carbon. The calculation of carbon emission from this sector is shown in 
Appendix A4.1
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AC can be expressed as: 

AC = I^AVC/N„ (7Ji)

where,

AC

X)a v c =

N,

average concentration in six months 

total average concentration 

number of areas

Using the methods described in equation (7.1) and (7.2) the average concentration of PM,o in 

Dhaka is found to be 118 |Lig/m\ This level is very high compared to the developed countries. 

For example, in the U.K. average concentration of PM,q in the urban areas is 28.5 |ig/m^ (Pearce 

and Crowards, 1995).

Table 7.5 PM,* concentration (pg/m^) in selected areas in Dhaka city, 1990

Area January February March April May June Total Average

Motijheel 198 174 147 91 74 50 734 122

Lalmatia 158 n.a. 140 160 101 68 624 125

Tejgaon 221 n.a. n.a. 92 62 49 424 106

Average concentration in all the areas in six months 118

n.a. = not available 

Source: Table 7.4.

Some particulate matter is created as a natural background level, for example, from dust, forest 

fires and sea salt. However, the exact share of natural background particulate in not known. In 

the literature of the cost estimation of air pollution it is assumed that 70 percent of the PM,q 

concentration has an anthropogenic origin (Pearce and Crowards, 1995). Assuming that 30 

percent of PM,q has a natural background, PM^q for anthropogenic sources is estimated to be 82 

pg/m^ which is also very high. Table 7.6 shows the amount of anthropogenic PM,q. From now
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on ‘All Source PMjq’ will be used to mean PM,g from both man-made and natural sources and 

‘Anthropogenic PMjq’ will mean only from man-made sources.

Table 7.6 Average PM,® concentration in Dhaka

Area All Source Anthropogenic*

Motijheel 122 85

Lalmatia 125 88

Tejgaon 106 74

Monthly Average of All Areas 118 82

* Assuming 70 percent of PM,g has anthropogenic sources; the rest will be ‘natural’ dust.

The concentration of PM,g fluctuates over time. The reason for lower concentration is the 

influence of changing meterological conditions such as higher average wind velocity, a sharp 

change in the direction of wind from dominant west north-west to south south-west and 

increasing frequency of rain in the country. In Table 7.7 and in Figure 7.3 monthly fluctuations 

of the average concentration is shown.

Highest and lowest concentrations were in January and June respectively. The values in Table

7.7 are calculated by dividing the total concentrations in all the areas in each month by the 

number of areas. Even the lowest concentration exceeds the WHO standard for 24 hour 

concentration of PM,g. WHO sets a standard of 60 |lg/m^ to 90 pg/m^, 75 pg/m^ being the mid

point estimate.
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Table 7.7 Average PMi„ concentration in each month in all the areas

PM]o January February March April May June

All Source PM,o 192 174 144 114 79 56

Anthropogenic PM,q 134 122 101 80 55 39

Source: Table 7.5

Indoor Air Pollution

In developing countries biofuel combustion contributes to air pollution to a large extent. Studies 

from a number of developing countries show that the tradition of cooking with wood, charcoal 

and animal dung expose hundreds of millions of poor people to significant health risk. Smith 

(1988) finds that the particulate concentration from indoor cooking is very high in India, Nepal, 

China, Kenya, Papua New Guinea and Gambia. Table 7.8 shows some results from India and 

Nepal.

Table 7.8 Indoor air pollution from biofuel combustion in India and Nepal

Country Individual exposures 

during cooking for 

2-5 hours each day

Number of 

measurement

Particulate 

concentration 
(SPM) (pg/m')

India

1983 in 4 villages 65 6,800

1987 in 2 villages 44 3,600

1987 in 8 villages 165 3,700

1988 in 5 villages 129 4,700

Nepal

1986 in 2 villages 49 2,000

1988 in 1 villages

- traditional stoves 20 8,200

- improved stoves 20 3,000

Source: Smith, 1988
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In Bangladesh 73 percent of total energy is provided by traditional sources such as agricultural 

residue, fueiwood and animal dung (GOB, 1990). This is likely to risk the health of a large 

number of people.

The damage cost of indoor pollution could be estimated through collecting primary information 

on the extent of indoor air pollution in Bangladesh or through secondary information. No 

information is available on indoor air pollution level in Bangladesh. A rough estimate could be 

done through the benefit transfer approach (described in section 7.4). Though this thesis does 

not estimate the damage cost of indoor air pollution, it is likely that this cost may exceed the 

cost of outdoor air pollution since a large number of people depend on the traditional sources 

of energy such as fueiwood and agricultural residues.

Essentially, two requirements would be necessary to estimate indoor air pollution damage. The 

first would be ambient concentration levels and these have not been surveyed in Bangladesh. The 

second would be dose - response functions. If the links between household burning of fueiwood 

and biomass residues and ambient concentrations indoors were known then the dose-response 

functions could be estimated. In the absence of primary data, a ‘benefit transfer’ approach is not 

reliable.

7.3 Effects of Ambient Air Pollution on Human Health

Particulate matter is composed of fully dispersed liquids and solids including soot, dust, organic 

and inorganic substances. Atmospheric aerosols range in size from a few nanometres to several 

hundred micrometers. Approximately, the size of the suspended particles is below 10 |ig.

Particulate matter is generated by a variety of physical (e.g. condensation of gases or vapours 

and mechanical process) and chemical mechanisms. It is emitted into the atmosphere from 

numerous source such as transportation, fuel combustion, industrial process and solid waste 

disposal. Particulate matter has natural sources as well. Theses are soil dust, forest fires, sea salt, 

soil and rock debris and volcanic.
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TSP persists in the atmosphere longer than larger particles. They are small enough to be inhaled 

and to penetrate deeply into the respiratory tract after absorption in the blood in the lung. The 

mortality and morbidity effects of air pollution on human health can be summarised below:

acute sickness or death,

insidious or chronic disease, shortening of life or impairment of growth or development, 

alteration of important physiological functions such as ventilation of the lung, transport 

of oxygen by haemoglobin, sensory acuity, time interval estimation or other functions 

of the nervous system,

impairment of performance, such as in athletic activities, motor vehicle operation or

complex tasks such as learning,

untoward symptoms such as sensory irritation,

storage of potentially harmful materials in the body,

discomfort, odour, impairment of visibility or other effects of air pollution sufficient to 

cause annoyance or lead individuals to change residence or place of employment.

Mortality effect of air pollution is measured in terms of crude mortality rate (CMR) of the 

population. In the case of morbidity the focus is on the nonfatal illness or symptoms of illness. 

Aggravation of asthmatic attacks, exacerbation of symptoms of chronic obstructive respiratory 

diseases, respiratory infections, reductions in lung function, respiratory hospital admissions, 

emergency room visits and restriction in activity are the immediate health outcomes associated 

with air pollution. Lately, development of asthma, chronic bronchitis, lung cancer, reductions 

in intelligence quotient (IQ) have also been associated with air pollution. Restricted Activity 

Days (RAD) include the number of days in bed, days missed from work and other days when 

normal activities are restricted due to illness even if medical care is not required. Work Days 

Loss (WDL) includes the days lost due to illness during which period an income could be 

earned. Symptom Day (SD) is the period when specific symptoms such as asthma attack, 

headache, cough, throat irritation etc. occur. Apart from mortality and morbidly effects pollution 

can cause subtle physical and mental changes in people.
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7.4 Methodology

In this chapter the estimation of economic values of health impact in Bangladesh is done on the 

basis of Benefit Transfer Approach (ETA). Benefit transfer is using the estimates of 

environmental loss of a project to estimate the economic value of environmental impact of a 

similar project on the assumption that the latter project will have similar impact (Pearce et al, 

1994). For example, if one wishes to undertake a study on the loss of wetland due to a 

development project, he/she can identify previous studies that had estimated the economic value 

of wetland, instead of carrying out a new study on the site of the proposed development. Then 

it could be assumed that the loss of a hectare of wetland at the proposed development site would 

be the same as or similar to the previous estimates. The site of the previous study is termed as 

the ‘study site’ and the site where new estimates are to be made is called the ‘policy site’ 

(Desvousges et at, 1992). The benefit transferred from the study site could be measured using 

either direct or indirect valuation technique. Benefit transfer could be done by three approaches:

1/ Transferring mean unit values: This approach assumes that the change in well-being 

experienced by an average person in the study site is the same as that which will be experienced 

by the average person at the policy site. This approach has been used in the US to estimate the 

recreational benefits associated with proposed multipurpose reservoir developments. Calculation 

is done in three steps: (i) determination of the kind of recreational activities to be occurred at 

the policy site if the reservoir were built and forecasting the level of such activities in terms of 

number of days, (ii) use of ‘unit value’ estimates such as willingness to pay from previous study 

and, (ii) obtaining estimates of the aggregate economic benefits from recreational activities at 

the policy site by multiplying unit values of a day spent by a person in a specific type of 

recreational activity in the study site by the number of days of such activity forecasted to occur 

at the policy site.

2/ Transferring adjusted unit values: In this approach a mean unit value is ‘adjusted’ for the 

study site before transferring the values to the policy site. Two different types of adjustment can 

be made: (i) the unit value from the study site could be thought of being inaccurate and
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therefore, need to be adjusted and, (ii) even if unit values in the study site are correct there may 

be different conditions in the policy site and therefore, unit values may not reflect the accurate 

measure. Differences could be because of various reasons: (a) differences in socio-economic 

characteristics between households in the policy site and the study site; (b) differences in the 

policy, project or regulation at the policy site and the study site, and (c) differences in the 

availability of substitute goods and services at the policy site and the study site.

3/ Transferring the demand function: In this approach the entire demand function estimated in 

the study site is transferred to the policy site. The analyst has to collect information at the policy 

site to estimate the variables of the demand function. The demand relationship to be transferred 

from the study site to the policy site could be estimated by using direct or indirect methods.

A number of difficulties are attached to the use of benefit transfer methods. Firstly, this method 

requires high quality data that can be transferred to the policy site. Secondly, the applicability 

in developing countries are limited due to limited stock of available literature. However, benefit 

transfer methods have a number of advantages: (i) this is a less expensive research both in terms 

of time and resources, and (ii) estimates can be obtained more quickly.

Though in most cases benefit transfer approach has been used to estimate the recreational benefit 

but it can also be used to address other types of valuation problems (Pearce et al, 1994). In this 

chapter benefit transfer method is used to estimate the health impact. The valuation of health 

impact has been done by adjusting the value of mortality effect in the UK. This is based on 

‘transferring unit value’ approach. The adjustment is made to capture the income differences 

between the UK and Bangladesh (section 7.6.3).

Dose-response functions (DRF) are used to calculate the damage done to human health 

(response) by ambient air pollution (dose). Calculation of this damage requires the measurement 

of the ambient concentration of pollution, the number of people exposed to these concentration 

and the effect of a unit of pollution on the exposed person. The DRF used here is transferred 

from the health impact study by Ostro (1994).
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The assumption behind transferring results from the developed countries is that the relationship 

between the level of air pollution and the impact of air pollution on health in the developed 

countries can be extrapolated to estimate the health impact of particulate matter in Bangladesh.

The drawback of this assumption is that a number of differences between the developed and 

developing countries are ignored. Explanatory variables such as health status, health care 

facilities, nutritional status, demographic characteristics, occupational and income pattern, 

chemical composition of the pollutants, sensitivity, time spent outside the house and weather can 

influence the mortality and morbidity effects. Because of these factors, people in developing 

countries may experience more severe health impacts since they are likely to be more disposed 

to illness which are exacerbated by pollution. So the damage could be higher in these counties. 

However, available studies for developing countries suggest similar dose-response coefficients 

to those estimated for developed economies (see section 7.5.1).

Following Ostro (1994), the DRF to estimate the health impact of air pollution in physical terms 

can be defined as:

dHjj =b̂ j X POP, X dAj (7.3)

where,

d = "change in"

Hj = health impact i (i.e. mortality or morbidity) per year

j = a particular pollutant j; for example, TSP or SOj

bÿ = slope (coefficient) of the dose response function of health impact i per year due

to pollutant j 

POPj = population at health risk i

A = ambient concentration of pollutant j per year

The economic valuation of the health impact requires placing a price on the dHÿ described 

above. So if Pj is the price for the change in health impact i, the economic value of the damage
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can be expressed as:

P, X dHij =  P, X  bjj X POPj X (My (7.4)

There are uncertainty and controversy among the researchers about the basis of the estimates of 

health impact. Due to the uncertainty Ostro (1994) provides lower bound, central and upper 

bound estimates to indicate the ranges within which the actual health effects are likely to fall. 

The central estimate is considered to be the best estimate.

Estimates of selected health effects of air pollution are calculated by applying the functions to 

ambient levels monitored in three areas of Dhaka city. Considering the limitations of data it is 

assumed that concentration level is same for other areas of the city and therefore, the average 

concentration values of three areas (presented in Table 7.5) has been taken as the concentration 

level for the whole city.

7.5 Mortality and Morbidity Attributable to PM̂ o

7.5.1 Mortalitv

High level of particulate causes premature mortality. A number of studies have been carried out, 

showing a positive relationship between high levels of pollution and mortality as well as between 

pollution and morbidity (Dockery et al, 1993; Dockery and Pope, 1994; Fairely, 1990; Ozkaynak 

and Thurston, 1987; Plagiannakos and Parker, 1988; Pope et al, 1991; Pope et al, 1995; 

Schwartz, 1994; Saldiva et al, 1994; Schwartz and Marcus, 1990; Schwartz and Dockery, 1992; 

Schwartz, 1993; Xu et al, 1994).

Mortality studies undertaken in London, Steubenville (Ohio), Philadelphia, Birmingham 

(Alabama), Santa Clara County (California) and the Utah Valley suggest that a 10 p,g/m  ̂change 

in PM,o is associated with approximately a 1 percent change (central estimate) in mortality 

(Ostro, 1994; Dockery and Pope, 1994). Examining the data on six communities in the USA
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from 1974 to 1989, Dockery et al (1993) found a significant relationship between fine particulate 

levels and cardiopulmonary disease. Schwartz (1994) has calculated the average of the 

coefficients from several recent studies and suggests that a 10 pg/m^ change in PM,g is 

associated with a 0.7 to 1.1 percent change in mortality.

Studies for a few developing countries show the results in the same range. Results from Xu et 

al (1994) show that in Beijing (China) a 10 pg/m^ change in PM,g is associated with a 0.7 

percent increase in the total mortality in the summer months. In Sao Paulo (Brazil) it was 

observed that a 10 pg/m^ change in PM,g was associated with a 1.3 percent increase in mortality 

among those who were above 65 years old (Saldiva et al, 1994). From a regression analysis 

based on limited mortality and PM,g data on Bandung (Indonesia), Ostro (1994) found that a 10 

pg/m^ change in PM,g is associated with a 1.26 percent change in mortality if a crude mortality 

rate of 0.01 is assumed. A 10 pg/m^ change in PM,g is associated with a 0.99 percent change 

in mortality if the crude mortality rate is 0.007. In Santiago (Chile) 10 pg/m^ change in PM,g 

is associated with a change in mortality between 0.6 to 1.5 percent (Ostro et al, 1995). A 

summary of mortality studies in both developed and developing countries is presented in Table 

7.9.
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Table 7.9 Mortality studies of a 10 |ig/m  ̂change in PM,

Region/
Data

Study Mortality coefficients: 
Percent/10 |Lig/m̂

Lower
Bound

Central
Estimate

Upper
Bound

London (UK)
Time Series 1958-72

Schwartz and 
Marcus (1990)

0.29 0.31 0.33

Ontario (Canada) 
Time Series 1976-82

Plagiannakos and 
Parker (1988)

0.49 0.98 1.47

Steubenville, Ohio (USA) 
Time Series

Schwartz and 
Dockery (1992)

0.44 0.64 0.94

Birmingham, Alabama (USA) 
Time Series

Schwartz (1993) 1.0 1.1 1.3

St. Louis, (USA) 
Time Series

Dockery et al 
(1993)

1.4 1.6 2.3

Utah Valley (USA) Pope et al (1991) 1.4 1.6 1.8

Philadelphia (USA) 
Time Series

Schwartz and 
Dockery (1992)

0.96 1.2 1.44

Santa Clara (USA) 
Time Series 1980-86

Fairely (1990) 0.73 1.12 1.51

100 Metropolitan areas in the 
U SA
Cross Sectional 1980

Ozkaynak and 
Thurston (1987)

0.92 1.49 2.06

Beijing (China) Xu et al (1994) 0.05 0.70 1.40

Sao Paulo (Brazil) Saldiva et al (1994) 0.71 1.30 1.92

Bandung (Indonesia) Ostro (1994) 1.26'
0.99"

Santiago (Chile) Ostro et al (1995) 0.60 1.1 1.5

*

**
When crude mortality is assumed to be 0.01 
When crude mortality is assumed to be 0.007

Source: Ostro (1994), Rowe et al (1995), Xu et al (1994), Saldiva et al (1994), Ostro et al (1995).

The consistency of the results on health impact of air pollution indicates that the coefficients 

associated with air pollution can be used for estimating health effect in other countries. Since 

there is no epidemiological study for Bangladesh the results of the studies in other countries 

have been used for health damage estimation. Analyzing the results of various studies Ostro 

(1994) suggested a DRF with central, upper and lower estimates. The DRF for mortality effects
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are presented below:

Lower Bound: %dH

Central Estimate: %dH^

Upper Bound %dH

MT

MT

0.062 X dPM 10

0.096 X dPM 10

0.130 X dPM 10

(7.5)

(7X%

(7.7)

where, 

% dHMT

dH.

percentage change in mortality 

change in mortality

Equations (7.5), (7.6) and (7.7) imply that a 1 |ig/m^ change in PMjq concentration is associated 

with a 0.062, 0.096 and 0.130 percent change in mortality per person respectively. In other 

words, a 10 pg/m^ change in PM,g concentration results 0.62, 0.96 and 1.30 percent change in 

mortality per person. The mortality effect in absolute numbers or total number of deaths due to 

PM,o can be estimated from equation (7.3) in the following manner:

^MT -

where,

^MT —

b = 

CMR =

b X dPM^^ X CMR X POP
ÎÔÔ

(7.8)

mortality effects in absolute numbers or total number of deaths

0.062, 0.096 and 0.130 respectively for lower, central and upper level estimates

crude mortality rate.

The factor 1/100 converts the change in mortality from percentages to absolute numbers.

Once the coefficients of mortality are known the next step is to find how many people Eire 

exposed to air pollution. Population indicators are presented in Table 7.10. In 1990 total urban 

population was 6,105,160 out of which 41.6 percent were under 15 years. The crude mortality 

rate in urban areas was 7.8 per 1000. Life expectancy at birth was 59.5 years for urban 

population.
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Table 7.10 Population indicators, 1990

Total Population in Dhaka SMA 

Total area of Dhaka SMA (sq km) 

Population Density: persons per sq km

6,105,160

522

11,695

Crude Death Rate in Bangladesh per 1000

Urban 7.8

Rural 11.8

Bangladesh 11.3

Life Expectancy at Birth, 1990

Urban 59.5

Rural 55.5

Bangladesh 55.9

Urban Population (%)*

Under 15 Years 41.6

Above 15 Years 58.4

Total Urban Population (Dhaka SMA)

Population Under 15 Years 2,539,747

Population Above 15 Years 3,565,413

* According to Population Census, 1981. 

Source: BBS, 1992.

Total number of deaths attributable to PM,Q is shown in Table 7.11. These figures have been 

calculated using the dose-response coefficient of 0.062, 0.096 and 0.130 percent increase in all 

cause/all age deaths for all PM,Q. The best estimate (central) in Table 7.11 shows that the total 

number of deaths due to total PM,g is 3749 when PM,q has an anthropogenic source. For all 

source PM,q the number of deaths is 5394 (central estimate).
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Table 7.11 Mortality effects: total number of deaths due to PM,@

PMjo Lower Bound 

b* = 0.062
Central Estimate 
b = 0.096

Upper Bound 

b = 0.130

All Source PM,o 3484 5394 7305

Anthropogenic PM,g 2421 3749 5076

Note: * b = coefficient of mortality

Number of deaths are calculated using the formula in equation (7.8) i.e. the number of 

events of mortality will be:

for all Source PM,q. 

for anthropogenic PM,q:

b X 118 X 0.0078 X 6,105,160 x 1/100 (7.9)

b X 82 X 0.0078 x 6,105,160 x 1/100 (7.10)

7.5.2 Morbidity

Restricted Activity Days (RAD)

The morbidity effect of air pollution (described in section 7.3) has been examined in a number 

of studies. The results of these studies have been reviewed and assembled by Ostro (1994) and 

Rowe et al (1995). To estimate the RAD for Dhaka results from Ostro (1994) have been used. 

The morbidity coefficients are found to be of the similar ranges both in Ostro (1994) and Rowe 

et al (1995). In Table 7.12 morbidity coefficients cited in Ostro (1994) are presented. Appendix 

A4.2 shows the alternative set of results from Rowe et al (1995). Table 7.12 shows that for a 

1 |ig/m^ change in PM,g the coefficients of RAD per person are 0.0404, 0.0578,0.0903 for lower 

bound, central and upper bound estimates respectively. In the study of Rowe et al (1995) the 

coefficients are 0.029, 0.058 and 0.078 respectively for lower bound, central and upper bound 

estimates respectively.

Illness leads to consequential hospital visits, emergency room visits and restriction in activity. 

Due to lack of data estimation of all types of effects on the population of Dhaka is not possible.

200



The coefficients of RAD could be different in Bangladesh due to different income and 

employment situation. The general perception is that RAD of a person from the developed 

country is higher than that of a developing country since income of the former is higher than 

the latter. The person from the developed country can go on unpaid leave if there is any health 

problem whereas the person from a developing country will try to avoid unpaid leave since the 

marginal utility of income is high for him/her. Therefore, it is likely that the number of RADs 

for developing countries would be less than that of the developed countries. However, in the 

absence of any evidence the coefficients of RAD are taken to be the same for developing 

countries.

Table 7.12 Morbidity Dose-Response Functions for PM,o (for 1 fig/m  ̂change in PMjo)

Morbidity Effect Lower Bound Central Estimate Upper Bound

RAD/person 0.0404 0.0578 0.0903

RHA/100,000 0.0657 1.20 1.56

ERV/100,000 12.83 23.54 34.25

LRI/child/per asthmatic 0.0008 0.00169 0.0238

Asthma Attacks/person 0.0163 0.0326 0.273

Respiratory

Symptoms/person

0.091 0.183 0.274

Chronic Bronchitis/100,000 

(risk of new cases)

3.06 6.12 9.18

Note: RHA = 

ERV = 

RAD = 

LRI =

Respiratory Hospital Admissions, 

Emergency Room Visits,

Restricted Activity Days,

Lower Respiratory Illness in Children.

Source: Ostro, 1994.

Using the morbidity coefficients presented in Table 7.12 the RADs have been calculated in Table 

7.13. The lower bound estimates show that the number of RADs for all FMjq are 12 million days

201



when PM,o has the anthropogenic source and 17 million days when all source PM,o is 

considered.

Table 7.13 Morbidity effects: total RADs (million days) due to PMi„

PM,o Lower Bound 

b* = 0.0404

Central Estimate 

b = 0.0578

Upper Bound 

b = 0.0903

All Source PMjq 17 24 38

Anthropogenic PM,q 12 17 26

Note: * b = coefficient of RAD shown in Table 7.12

Adult population (over 15 years) is estimated to be 3,565,413 (Table 7.10) and all 

source PM,o and anthropogenic PMjo are 118 |Xg/m̂  and 82 |ig/m^ respectively (Table 

7.6). The formula used to calculate the number of events or cases of RADs is:

for all source PMjq: 
for anthropogenic PM,q.

RAD = b X 3,565,413 x  118 

RAD = b X 3,565,413 x  82
(7.11)
(7.12)

7.6 Economic Value of Health Effects

The economic valuation of life risks is a controversial issue. Putting a monetary value on 

statistical life has been criticised on ethical grounds (Broome, 1978). However arguments in 

favour of economic valuation are based on the notion that valuation is done not for human life 

but for a small reduction in the probability of mortality or morbidity. Thus, what is being valued 

is risk change, not ‘life’ itself. The assumptions behind valuing the reduced mortality risk are 

that (i) judgements on changes in human well-being are based on individual’s preferences, and

(ii) there is a trade-off between mortality and money.
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7.6.1 Techniques for Estimating Life Risk 

Valuation o f Mortality Effect

Valuation of reduced mortality can be done by the Willingness To Pay (WTP) Approach or the 

Willingness to Accept (WTA). The Value of a Statistical Life (VOSL) or the Value of Statistical 

Death Avoided (VSDA) can be used to reflect individuals’ WTP for a small reduction in the 

probability of death. VOSL is the marginal willingness to pay to avoid the risk of a fatal 

accident aggregated over a large number of people. Suppose, a pollution control policy can 

reduce the probability of risk from 0.003 to 0.002 i.e. by 1 in 1000 people. Assume the average 

willingness to pay for this reduction in the risk of death is $1000 per person. Then the total 

willingness to pay of the group is $1,000,000. The change in risk will result in one statistical 

person being saved each year (1000 x 0.001). The value of a statistical life is $1,000,000 in this 

case. This value is not the value of individuals’ WTP to avoid themselves dying at a point of 

time; this is the value of WTP for a reduction in risk.

VOSL can be estimated directly by the following approaches (a) Contingent Valuation (WTP 

or WTA), (b) Hedonic/Compensating Wage Differential (WTA only), (c) Avertive Behaviour 

(WTP only). These approaches are discussed in Chapter 2; a brief overview is given here.

The contingent valuation method (CVM) is a direct approach to estimate the cost of damage. In 

this method individuals are asked how much they are willing to pay for a reduction in health 

risk. Hedonic pricing, compensating wage differential and avertive behaviour methods are the 

indirect approaches to value the risk of air pollution. These approaches focus on people’s 

behaviour in the market where goods related to health risks are traded. Hedonic price approach 

is based on the hypothesis that house characteristics yielding differences in health risks across 

houses should be reflected in property values differential. Wage differentials are explained as 

the outcome of firms’ different offers of wages depending on what health risks are involved and 

workers’ different preferences for safety, given firms’ and workers’ institutional environment. 

In case of avertive behaviour individuals buy themselves a risk reduction for money, for
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example, the purchases of smoke detectors and measures against radiation.

Indirectly, VOSL can be estimated by the Human Capital Approach (HCA). The HCA measures 

the value of an individual’s production when the individual is alive. The productivity of the 

person is measured by earnings from labour (for details. Lave and Seskin, 1971, 1978). So the 

value of preventing an individual’s statistical death or injury is equal to the gain in the 

discounted present value of the individual’s earnings over the rest of the individual’s expected 

life, i.e.

VOSL
T-t

P., y .,
(i+d)'

(7.13)

where, 

VOSL =

Pt.i =

Y .i =

d =

T

value of statistical life

probability of the individual’s survival from age t to age i 

expected earnings of the individual at age t+i 

discount rate

age at retirement from work

But the HCA has a number of limitations:

(i) according to this approach the statistical value of a retired person is zero since 

the person stops earning after retirement;

(ii) similarly the implication of discounting future earnings would be that the 

statistical life of children is likely to be of less value than that of adults in or 

near their best period of earnings;

(iii) people whose values are not reflected by wage payments (for example, 

housewives) are also difficult to deal within the HCA;

(iv) the HCA does not take into account the indirect cost of damage, for example, 

pain, suffering and discomfort of the sick person as well as of the relatives and
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friends. Individual’s social worth can not be valued on the basis of individual’s 

market productivity. From this point of view the HCA ignores individual’s own 

well-being, preferences and willingness to pay. The VOSL based on WTP for 

small change of reduction in death can be several times higher than the expected 

income stream of an individual. So the HCA does not reflect the desired WTP 

for small change in the risk of death. In short, the HCA is not grounded in the 

theory of welfare measurement. Despite this, it is widely used because of the 

comparative ease of securing data.

Valuation o f Morbidity Effect

Valuation of reduced morbidity is done broadly by two approaches: (1) willingness to pay or 

willingness to accept compensation (2) cost o f illness (COI). The COI measures the total cost 

of illness that is imposed on the society. Total costs consist of direct and indirect costs. Direct 

costs measure the value of resources used for the treatment of illness. These costs are for (i) 

hospital care (ii) home health care (iii) medicine (iv) services of the doctors and nurses. Indirect 

costs (IC) measure the value of the lost productivity due to illness. Indirect costs can be 

measured as follows:

IC = (7.14)

where,

W = Wages

S„ = Number of days of sick

So the total cost (TC) per illness will be:

rC  = + n y x j j  (7.15)

where,

= Cost of treatment
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The COI approach has the similar limitations as the HCA does. One important limitation of the 

COI approach is that it does not estimate a theoretically correct measure of the benefits of 

improved health. In economic theory, the benefit of a good is measured as the amount of money 

which would make an individual indifferent between consuming and not consuming the good. 

The economic benefit of the improvement of an individual’s health can be measured as the 

maximum amount of money the individual is willing to pay for the improvement in health.

Harrington and Portney (1987) argue that the WTP exceeds the COI because the COI does not 

account for the disutility effects of the disease and defensive expenditures for goods other than 

medical care. Freeman (1993) argues that the COI approach for valuation of reduced morbidity 

effects can also be misleading since it does not capture the variety of behavioral responses to 

illness and the threat of illness. For example, illness is associated not only with loss in wages 

and increased medical expenditure but also with the discomfort and loss of welfare. The COI 

can capture the lost wage and medical expenses but not the value of discomfort, pain and other 

restrictions one suffers from illness. So the COI approach will underestimate the full social cost 

of illness. To include this effect a comprehensive WTP measure is required to capture all types 

of values.

7.6.2 How Much is the VOSL

There have been a number of studies on the VOSL in the developed countries. Fisher et al 

(1989), Miller (1990) and Viscusi (1992) carried out reviews on the literature of the value of 

statistical life. Viscusi (1992) provides three estimates of the value of a statistical life in 1990 

prices. These are: (i) between $0.6 million and $16.2 million in the surveyed labour market 

analysis of wage-risk trade-offs (ii) between $0.07 million and $4.0 million in the studies of 

consumer markets and (iii) between $0.1 million and $15.6 million in the CV studies. According 

to Miller (1990) the mean VOSL is $2.2 million in 1988 prices. He finds a VOSL of $2.2 

million for labour market studies of wage-risk trade-offs and $2.5 million for the CV studies. 

Miller (1990) estimated this value after adjusting 47 studies on the VOSL. Fisher et al (1989) 

concluded that the range for the value per statistical life is between $1.6 million to $8.5 million
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in 1986 dollars. Pearce and Crowards (1995) suggest that the VOSL in the UK is £1.5 million 

in 1992 prices.

Studies on the VOSL for developing countries are rare. Parikh et al (undated) estimate the 

VOSL for India with respect to the air pollution in Bombay city. This study computes three 

values of statistical life based on the Human Capital Approach, the Wage Differential Method 

and the Workmen’s Compensation Act. Workmen’s Compensation Act of 1923 outlines the basic 

guidelines for awarding compensation for accidental deaths in factories. The act stipulates a set 

of compounding factors by which 40 percent of the total monthly income should be multiplied 

to arrive at a compensation payable to the worker (Parikh et al). A value of Rs 383,433 ($ 

10,090) is estimated using the HCA. The VOSL for an Indian is estimated to be Rs 287,230 ($ 

7559)̂ "* when the wage differential method is used. The third method i.e. the Workmen’s 

Compensation Act gives a value of Rs 213,144 ($ 5609) for a statistical life

de Motta and Mendes (1994) use the HCA to calculate the VOSL for three cities in Brazil. In 

1989 dollars the estimated VOSL was $ 7,714 for Sâu Paulo, $ 5,029 for Rio de Janiro and $ 

25,002 for Cubatâo.

Both the Indian and Brazilian studies are based on methodologies which have serious flaws 

(discussed earlier). In both cases the VOSL is very low compared to that of developed countries.

There are a number of related issues in the estimation of VOSL (for detail, see Pearce, 1996). 

There may be a relationship between VOSL and age. Mortality risks due to air pollution can 

increase in old age. It is found that people over 65 years have higher risk of mortality from air 

pollution (Schwartz and Dockery, 1992). The WTP to avoid risk may also be lower. Jones-Lee 

et al (1985) found that the VOSL at age 60 might be around 70 percent of the VOSL at age 40. 

But in a later study Jones-Lee et al (1993) find no variation in the VOSL with age. Reviewing 

the Life Cycle Models of WTP, Freeman (1993) shows that individual’s valuation are likely to 

vary across individuals according to age. In these models human well-being is assumed to be

Taking an exchange rate of $1 = Rs. 38 (1996).
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dependent on lifetime consumption and older people have fewer consumption years left. So 

people’s WTP to avoid risk will fall when their expected lifetime consumption falls. But life 

cycle models understate WTP. Pearce (1996) mentions the following reasons why the 

underestimation may arise:

1/ these models tend to omit other valuations of the life at risk (for example, of relatives

and friends);

2/ these models assume that expected lifetime utility depends on expected lifetime

consumption only, but individuals value their survival as well. The value of survival 

may not necessarily vary inversely with age; it could actually increase with age;

3/ there are differences in WTP for different types of risk; there is evidence that

willingness to pay to avoid ‘contemporaneous risk’ (accidents) is less than the 

willingness to pay to avoid ‘latent risk’ (disease) (Jones-Lee et al (1985).

7.6.3 VOSL for Bangladesh

As there are no valuation studies of risk reduction in Bangladesh estimates of the VOSL in the 

UK have been used with an adjustment to derive the VOSL for Bangladesh. This adjustment is 

done by multiplying the VOSL in the UK by the ratio of per capita income of Bangladesh (Yg^) 

to per capita income in the UK (Yuk) raised to the power of income elasticity of demand for risk 

reduction ‘e’. This is expressed in the following formula:

VOSL̂  ̂ =  VOSL̂ ĵ  X /  Y^jJ  (7.16)

where,

BD = Bangladesh

UK = United Kingdom

Y = per capita income
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e = income elasticity of demand for risk reduction

The VOSL in the UK in 1992 prices has been deflated to 1990 prices using an annual inflation 

rate of 3 percent in the UK. So the 1990 VOSL is £1.4 million. Converting £1.4 into US 

dollar^^ a value of $ 2.10 million is obtained as the VOSLy^. The adjustment to the VOSL^^ 

has been done on the basis of the ratio of Purchasing Power Parity (PPP) estimate of GDP per 

capita of Bangladesh and the UK in 1990. According to the World Bank (1992) was

$1,050 and Y^k was $14,960 in 1990. So the ratio of Bangladesh GNP per capita to UK GNP 

per capita is 0.070.

The income elasticity of demand for risk reduction i.e. of WTP is an important factor in the 

expression (7.16). It is argued that environmental amenities such as clean air are not luxury 

goods and, therefore, the income elasticity of WTP to avoid illness is less than 1 (Kristrom,

1994). Empirical results from a few studies show that income elasticity of WTP is less than 1. 

Alberini et al (1994) estimate that the income elasticity of WTP to avoid acute illness in Taiwan 

is about 0.32. Loehman et al (1979) estimate that this elasticity ranges between 0.26 to 0.6. 

However, using a unitary income elasticity of WTP Alberini et al (1994) found that this 

assumption can give meaningful results. But they caution that the value may underpredict the 

actual WTP. However, there are other factors (e.g. education) which influence WTP. The 

differences in WTP between the developed and developing countries will be due to these factors. 

Higher education level increases WTP. In developing countries the level of education is lower 

than the developed countries and therefore, WTP is likely to be lower. In that case the unitary 

elasticity assumption can capture the differences in other factors between countries.

Three values of income elasticity (e) of WTP are used in this study since there is no confirmed 

value of ‘e ’. Income elasticity is taken to be 0.3, 0.6 and 1 on the basis of results from studies 

by Alberini et al (1994) and Loehman et al (1979). The assumption of unitary income elasticity 

implies that income is the only factor influencing WTP. The VOSL for Bangladesh is derived

An exchange rate of £1 = $ 1.5 is used.

Y refers to the PPP estimate o f GDP per capita.
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as follows:

e = 1.0 

VOSL,BD

(Ybd /Yuk)’ = 0.07 

= $ 2.10 X 0.07 

= $ 0.15 million 

= TK 5.35 million^?

(7.17c)

a = 0.6

VOSL,BD

(Y B D /Y uJ°*  =  (120

= $ 2.10 X 0.20 

= $ 0.42 million 

= TK 14.98 million

(7.17b)

a = 0.3 

VOSLBD

(Ybd /Yuk)° '  = 0.45 

= $ 2.10 X 0.45 

= $ 0.95 million 

= TK 33.89 million

(7.17c)

The lower VOSL for Bangladesh compared to the UK is due to the income disparity. The lower 

value does not, however, imply that life is less dearer to a Bangladesh.

Table 7.14 shows the cost of mortality effect in three different cases. When e = 1 costs of health 

damage due to anthropogenic PM,g are TK 12.73 bn ($356.8 mn), TK 19.71 bn ($552.6 mn) and 

TK 26.68 bn ($748.2 mn) for lower, central and upper bound estimates respectively. When e = 

0.6 costs of health damage due to anthropogenic PM,g are TK 36.83 bn ($1032.7 mn), TK 57.04 

bn ($1599.2 mn) and TK 77.23 bn ($2165.2 mn) respectively for lower, central and upper bound 

estimates. When e = 0.3 costs of health damage due to anthropogenic PM,g are TK 81.73 bn 

($2291.4 mn), TK 126.55 bn ($3548.2 mn) and TK 171.35 bn ($4804.2 mn) respectively for 

lower, central and upper bound estimates. It is observed that under different assumptions of the 

value of ‘e’ the VOSL varies significantly. When the unitary income elasticity of WTP is

$1 = TK 35.667 (1990) (World Bank, 1993b).
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assumed the VOSL is the lowest. When the value of is assumed to be 0.3 the VOSL is the 

highest. A comparison of values of mortality effect due to anthropogenic PM,o shows that 

estimates (lower, central and upper) with the assumption of e = 0.3 are about three times higher 

than the case of e = 0.6 and about 6 times higher than the case of e = 1.

Table 7.14 Value of mortality effect (In TK bn)

PMjo Lower Bound Central Estimate Upper Bound

e = 1.0

All Source PM̂ g 18.32 28.36 38.40

Anthropogenic PM,q 12.73 19.71 26.68

e = 0.6

All Source PM,g 53.01 82.06 111.14
Anthropogenic PM,g 36.83 57.04 77.23

e = 0.3

All Source PM,g 117.61 182.08 246.59
Anthropogenic PM,g 81.73 126.55 171.35

Note: Calculated from Table 7.11 and equation (7.17a), (7.17b) and (7.17c). 
Value of Mortality Effect = D x VOSL 

where, D is the number of deaths due to PM,o
(7.18)

The value of statistical life can also be estimated by the Human Capital Approach (HCA) and 

Wage Differential Approach (WDA) though these methods suffer from a number of limitations 

(discussed in Chapter 2). The VOSL is estimated below using these methods to compare the 

results with the benefit transfer method.

In the HCA the value of a statistical life for an individual is given by:

VOSL
I = 1 (l+(7)'

where,

VOSL = value of statistical life
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= probability of the individual’s survival from age t to age i

= expected earnings of the individual at age t+i

d = discount rate

t = current age of individual at risk

T = age at retirement from work

For the whole population at risk the sum of these individual VOSLs gives the aggregate damage 

cost as estimated by the HCA. Since the age distribution of those at risk from pollution-induced 

mortality is not known, the estimation of for each group is not possible. Therefore, the 

traditional assumption is made here: those at risk can be represented by a representative 

individual of median age. In Bangladesh T = 62 years, the official age of retirement, but the 

average life expectancy is 55.9 years. Hence the median age is 28 (rounded) years. Average per 

capita income in 1990 was TK 7398 or $ 207 per annum (BBS, 1993a). Letting d = 5 percent 

and 10 percent the approximation for VOSL is given by:

28

V0SL=J2
207

1+0.05

28

V0SL=Y^ 207
1+0.1

Discount table shows that:

28

and:

28

V  T T  ■

So VOSL with 5 percent discount rate = $ 3084

and VOSL with 10 percent discount rate = $1927
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The estimation of VOSL by using the Wage Differential Approach needs data on the risk of 

working in different industries. The following exercise is an example and is based on a number 

of assumptions since the requisite data do not exist for Bangladesh.

Wages in two similar industries, for example, cotton textiles and jute textiles are used.

Wage in the jute textiles (1990) = TK 9156/year

Wage in the cotton textiles (1990) = TK 9208/year

There is no information on the health risk involved in these industries in Bangladesh. In India

the number of fatal accidents in the cotton textiles = 0.03/100,000 man days (Parikh et al,

undated). The same is assumed for Bangladesh. It is further assumed that the number of fatal 

accidents in jute textiles is 0.02/100,000 man days.

Assuming an employee works 200 days in a year, the annual risk of mortality in cotton textiles 

is:

0.03 X 200 / 100,000 

0.0006

and for jute textiles:

0.02 X 200 /100,000 

0.0004

The wage difference is TK 52 per annum (TK 9208 - TK 9156). Assuming all the wage 

difference is due to risk, the VOSL is:

VOSL = 52 / 0.0006 - 0.0004

TK 260,000 

$ 7289
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The results show that VOSL in the HCA is lower than the WDA while VOSLs in both HCA 

and WDA are lower than the VOSL in the benefit transfer approach ($ 0.15 million). It is 

important to understand that the values are not comparable; the WDA is based on willingness 

to pay whereas the HCA has no foundation in welfare theory (discussed in Chapter 2; Freeman, 

1993). It is noticeable that the values of VOSL in the HCA and WDA in Bangladesh are lower 

than those of India ($10,090 in the HCA and $7559 in the WDA) and Brazil (between $5,029 

to $25,002 in the HCA) (section 7.6.2).
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7.6.4 Cost of Work Days Loss

As defined earlier, restricted activity days (RADs) are the days when people cannot do normal 

activities due to illness. Their actual work days loss will not necessarily be equal to the RADs, 

because workers can have sick leave from their workplace. Moreover, if the sickness is not 

serious they may try to avoid unpaid leave.

There has not been any survey on the number of actual WDL when people face restrictions in 

activities due to air pollution. In the literature it is assumed that half of the RADs are actual loss 

of work days (WDL) when people can not go for work and thereby loose income (Southgate,

1995). In this study three assumptions have been made regarding WDL. These are: (i) WDL is 

25 percent of RAD (ii) WDL is 50 percent of RAD and (iii) WDL is 75 percent of RAD. Total 

RADs are shown in Table 7.13. To calculate the value of morbidity effect, the average per capita 

income in Bangladesh is considered. In 1990 the per capita income at current prices was TK 

7398 (BBS, 1993a). Assuming that people work for 300 days in a year the daily per capita is 

TK 25. The value of WDL for 3,565,413 adults of urban Dhaka has been calculated in Table 

7.15.

Table 7.15 shows that the cost of WDL varies with different assumptions. If all source PM,g is 

considered the central estimate is TK 0.30 bn ($8.4 mn) for WDL = 0.50 of RAD; the lower 

bound and upper bound estimates are TK 0.21 bn ($6.0 mn) and TK 0.48 bn ($13.3 mn) 

respectively for WDL = 0.50 of RAD. The central estimate for anthropogenic pollution are TK 

0.21 bn ($6.0 mn) when WDL is assumed to be half of the RAD; the lower and upper bound 

estimates are TK 0.15 bn ($4.2 mn) and TK 0.33 bn ($9.1 mn) respectively with WDL = 0.50 

of RAD. The upper bound cost estimates are more than twice the amount of lower bound 

estimates and central estimates are about 1.4 times higher than lower bound cost estimates. This 

holds for both all source PM,g and anthropogenic PM,g. In Table 7.16 total (mortality plus 

morbidity) costs are presented.
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Table 7.15 Morbidity effect: cost of WDL for total PMi„ under different assumptions
(TK bn)

Sources of PM,o Lower Bound Central Estimate Upper Bound

All Source PM,n

WDL = 0.25 RAD 0.11 0.15 0.24

WDL = 0.50 RAD 0.21 0.30 0.48

WDL = 0.75 RAD 0.32 0.45 0.71

Anthropogenic PMm
WDL = 0.25 RAD 0.08 0.11 0.16

WDL = 0.50 RAD 0.15 0.21 0.33

WDL = 0.75 RAD 0.23 0.32 0.49

Table 7.16 Total (mortality and morbidity) costs of health risk due to PMj„ (TK bn)

All Source PM k, Anthropogenic PM,g

Lower

Bound

Central

Estimate

Upper

Bound

Lower

Bound

Central

Estimate

Upper

Bound

e = 1

Case I 18.42 28.51 38.64 12.80 19.82 26.85

Case II 18.53 28.65 39.88 12.88 19.92 27.01

Case III 18.63 28.80 39.12 12.95 20.03 27.17

e = 0.6

Case I 53.11 82.21 111.38 36.91 57.15 77.39

Case II 53.22 82.36 111.61 36.98 57.25 77.55

Case III 53.32 82.51 111.85 37.06 57.36 77.71

e = 0.3

Case I 117.72 182.23 246.83 81.80 126.66 171.52

Case II 117.81 182.38 247.07 81.88 126.77 171.68

Case III 117.93 183.53 247.31 81.95 126.87 171.84

Case I: WDL = 0.25 of RAD

Case II: WDL = 0.50 of RAD

Case III: WDL = 0.75 o f RAD

Source: Table 7.14 and 7.15.
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7.6.5 Cost of High and Low Concentration

A separate set of cost estimation has been done to see the variation in the cost of health damage 

during the highest and lowest concentration period. In January and June concentrations of PM^ 

were highest and lowest respectively. Table 7.17 shows the mortality effect. In Table 7.18 and 

7.19 detail estimations are presented. The cost of mortality is calculated on the basis of mortality 

effects of high and low concentration.

Table 7.17 Mortality effects: number of deaths and cost of mortality during highest and 

lowest concentration

January June

Lower

Bound

Central

Estimate

Upper

Bound

Lower

Bound

Cental

Estimate

Upper

Bound

N um ber o f Deaths

All Source PM,o 5669 8777 11886 1653 2560 3467

Anthropogenic PM,o 3956 6126 8295 1151 1783 2414

Cost (TK bn)

e = 1

All Source PM,g 30.33 46.96 63.59 8.85 13.70 18.55

Anthropogenic PM,g 21.17 32.77 44.38 6.16 9.54 12.92

e = 0.6

All Source PM,g 84.92 131.49 178.05 24.77 38.35 51.93

Anthropogenic PM,q 59.27 91.77 124.27 17.25 26.71 36.17

e = 0.3

All Source PM,„ 192.08 297.41 402.74 56.02 86.74 117.47

Anthropogenic PM,„ 134.05 207.57 281.08 39.02 60.41 81.81

Source: Table 7.7 and equations (7.5), (7.6), (7.7), (7.16).
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Table 7.18 Morbidity effect: cost of WDL due to highest and lowest PM,* concentration for total
PM,o (TK bn)

January June

Lower

Bound

Central

Estimate

Upper

Bound

Lower

Bound

Central

Estimate

Upper

Bound

All source PM,»

Case I 0.17 0.25 0.39 0.05 0.07 0.11

Case II 0.35 0.49 0.77 0.10 0.10 0.23

Case III 0.52 0.74 1.16 0.15 0.22 0.34

Anthropogenic PM,»

Case I 0.12 0.17 0.27 0.04 0.05 0.08

Case II 0.24 0.35 0.54 0.07 0.10 0.16

Case III 0.36 0.52 0.81 0.11 0.15 0.24

Case I; WDL = 0.25 of RAD

Case II: WDL = 0.50 of RAD

Case III: WDL = 0.75 of RAD

In Table 7.19 total costs of highest and lowest concentration are estimated. It can be seen that there 

is a big difference of costs between highest and lowest concentration of PM,o. For example, when 

e = 1 the central estimate of total cost of pollution in January is TK 30.67 bn ($860 mn) when WDL 

= 0.50 of RAD and in June this is TK 8.95 bn ($251 mn). In other words, the cost of lowest 

concentration in this case is only 29 percent of the cost of highest concentration. In the case of lower 

bound or upper bound estimates and with e = 0.6 and 0.3 the cost of lowest concentration is also 

29 percent of the cost of highest concentration. The same results are found in the cases of WDL = 

0.25 and 0.75 of RAD.
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Table 7.19 Total cost (mortality and morbidity) of highest and lowest PM,o concentration
for total PMjq (TK bn)

January June

Lower Central Upper Lower Central Upper
Bound Estimate Bound Bound Estimate Bound

All Source

e = 1
Case I 30.50 47.48 64.41 8.90 13.77 18.66
Case II 30.67 48.01 65.23 8.95 13.84 89.77
Case III 30.84 48.54 66.06 9.00 13.91 18.89

e = 0.6
Case I 85.09 131.73 178.44 24.82 38.42 52.05
Case II 85.27 131.98 178.83 24.87 38.49 52.16
Case III 85.44 132.23 179.21 24.92 38.57 52.27

e = 0.3
Case I 192.25 297.66 403.13 56.07 86.82 117.58
Case II 192.42 297.91 403.52 56.12 86.89 117.69
Case III 192.59 298.15 403.90 56.17 86.96 117.80

Anthropogenic

e = 1
Case I 21.29 32.91 44.65 6.20 9.59 13.00
Case II 21.41 33.12 44.92 6.23 9.64 13.08
Case III 21.53 33.29 45.19 6.27 9.69 13.15

e = 0.6
Case I 59.39 91.94 124.54 17.28 26.76 36.24
Case II 59.41 92.11 124.81 17.32 26.79 36.32
Case III 59.62 92.28 125.08 17.36 26.86 36.40

e = 0.3
Case I 134.18 207.74 281.35 39.05 60.52 81.88
Case II 134.30 207.91 281.62 39.09 60.63 81.96
Case III 134.41 208.08 281.89 39.12 60.73 82.04

Case I: WDL = 0.25 of RAD
Case II: WDL = 0.50 of RAD
Case III: WDL = 0.75 of RAD

Source: Table 7.17 and 7.18.
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7.7 Conclusions

This chapter estimates costs of health risk associated with PM,o- These costs are social burdens. 

If the degradation of air quality is unchecked this cost will continue to increase. The study is 

based on data for six months in three areas of Dhaka city. Actual monitoring of particulate 

concentration in all parts of Dhaka throughout the year is likely to give different results and will 

have an influence on the cost estimation. However, the results of the study can be indicative of 

the extent of damage to health due to air pollution.
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Figure 7.1 Total Urban Population in Bangladesh (in millions)
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Figure 7.3 Total Costs of Health Risk; Anthropogenic and WDL
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Chapter 8 

B a n g la d e s h :  S u s t a in a b le  o r  N o t?

8.1 The Sustainability Issue

In the literature, ‘Sustainable Development’ has been defined by many from various points of 

view. No matter how rigorous these definitions and interpretations are, they are not complete and 

compatible (Pearce et al, 1996b; Turner, 1993). The most popular definition is given by the 

World Commission on Environment and Development (WCED; the Brundtland Commission). 

According to WCED sustainable development is the "development that meets the needs of the 

present without compromising the ability of future generations to meet their own needs" (WCED, 

1987). This definition reflects the concept of Hicksian income: sustainable income is that level 

of income which a country can consume without running down its capital stock (Hicks, 1946). 

In turn, the capital base becomes the means of ensuring the potential well-being of future 

generations. From this point of view sustainable development can be defined as an indicator of 

human well-being that does not decline over time (Pearce et al, 1989; Pezzey, 1989). This 

indicator of well-being is broad. Human well-being does not depend only on economic progress 

but also on many other factors such as fresh air and water, healthy natural environment, peace, 

equality, job satisfaction, social justice, security and so on.

Many factors of human well-being cannot be measured in terms of money and therefore, do not 

come into the traditional measure of development indicators such as GDP or GNP. These 

conventional measures of economic development suffer from a number of shortcomings. Firstly, 

these are inadequate measures of economic development since they do not incorporate changes 

in the stock and quality of environmental resources which are often non-marketed. Secondly, they 

do not attempt to measure all components of human well-being. Thirdly, and most importantly, 

conventional measures are unable to indicate the long-run sustainability of the economy. As 

defined above, sustainability requires non-declining capital stock which is capable not only of 

creating wealth but also of maintaining the wealth. Creation and maintenance of wealth in the 

longer mn is at the heart of sustainable development (Hamilton, 1994).
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8.1.1 Weak and Strong Sustainability 

Characteristics o f Sustainability

The notion of sustainability is further divided into two broad categories. These are ‘Weak 

Sustainability’ (WS) and ‘Strong Sustainability’ (SS). The focus of this chapter is on the 

measurement of WS. However, a brief discussion on SS is also presented here (detailed 

discussion can be found in Pearce et al, 1996b; Pearce and Atkinson, 1995; Turner, 1993).

WS requires maintaining of total capital intact without regard to the composition of capital. This 

implies that different kinds of capital, such as man-made, human or natural, are substitutes. For 

example, less natural capital can be allowed as long as this is offset by man-made or human 

capital. On the other hand, SS requires maintaining both the overall stock of capital and the 

stock of natural capital. Natural capital cannot be substituted for by other forms of capital. Some 

of the functions and services of ecosystems are essential to human survival and can not be 

replaced. WS is achieved by the non-decline in the overall stock of capital since all forms of 

capital are assumed to be substitutable. To achieve SS, in addition to non-declining stock of 

overall capital, conservation of the stock of natural capital is essential.

In the case of WS environmental capital does not have special role. This does not, however, 

imply that depletion of non-renewable resource and degradation of the environment are 

permitted. If there is a loss in human well-being due to depletion of natural resources and 

degradation of the environment, compensation must be made in the form of investments in other 

forms of capital. Even on the WS rule, natural capital cannot be ‘consumed’, - there must be a 

counterpart investment elsewhere.

In the SS paradigm natural capital is ‘special’. Substitution of natural capital is not allowed in 

the strong sustainability case because of irreplaceability, irreversibility, uncertainty and the scale 

o f loss (Pearce et al, 1989). Man-made capital can be produced, destroyed and produced again. 

But natural capital does not have this flexibility, for example, extinct species cannot be recreated;
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tropical forests cannot (easily) be created (irreversible). Knowledge about man-made capital such 

as machines tend to be complete, but knowledge about environmental assets is incomplete and 

uncertain. This incompleteness means that we understand the workings of ecological system 

imperfectly. There are uncertainties about the impact of damage in ecological systems as well. 

SS stresses on the discontinuity and threshold in ecological system. The scale of loss of the 

environment could be large if damage exceeds threshold levels (Pearce and Perrings, 1995).

Additionally, Gren et al (1994) argue that ecological systems serve functions which have 

‘primary’ value in the sense that all other economic values are contingent on the primary value. 

Thus, use values can not exist without the prior life support functions of ecosystems. Primary 

value may elude economic valuation because it is systemic. On the other hand, primary value 

may serve to indicate that the object of valuation should not be single components of 

ecosystems, for example, single species, but the system itself. If so, economic valuation may be 

capable of capturing primary value if the focus is on systems. As yet, little progress appears to 

have been made in this respect, but this is clearly a concern for future research.

Indicators o f Sustainability

Indicators of strong sustainability include carrying capacity and resilience suggested by the 

ecological economists (Arrow et al, 1995). Carrying capacity, a biological notion, states that a 

given area can support a given population of a particular species. The carrying capacity is the 

maximum population sustainable with a given level of resources. Ecological carrying capacity 

is considered to be exceeded when the limit of some ecological criteria are exceeded. Indicators 

of carrying capacity consist of sustainability constraints with respect to commercial and 

environmental resources: for example, pollution should not exceed the assimilative capacity of 

the environment. Sustainability constraints are imposed to maintain the stock of each resource 

intact.

The second indicator of SS, resilience, is a measure of the ability of economies to absorb change 

and shocks. Developing economies depend on the natural capital more directly and the
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sustainability of these economies depends on the maintenance of the stock of natural resources. 

These economies can be unsustainable even if a stock of natural capital is maintained because 

of the limited stock. External stress or shocks such as war, pests or drought can set the society 

backwards by many years. Therefore, resilience to shocks requires a larger and more diverse 

capital base. The indicator of resilience in ecosystem is diversity, which in turn is argued to be 

positively related to biodiversity (Common and Perrings, 1992 and Arrow et al, 1995).

Indicators of SS suffer from a number of problems which limit their empirical application in a 

meaningful way. Carrying capacity is an upper bound to sustainability in the sense that it 

embodies a minimum standard of well-being for the maximum population. This is not consistent 

with the sustainable development as involving rising levels of well-being through time. The 

resilience measure is more promising but is still problematic. First, the resilience-diversity link 

is disputed in ecology. Second, it is not clear what level of diversity would have to be achieved 

(or not achieved) to secure sustainability (or non-sustainability).

In order to measure the environmental performance at the national level and to capture the notion 

of weak sustainability, indicators of well-being in terms of per capita income can suitably be 

modified by making allowances for natural resource depreciation and environmental services 

(Hartwick, 1990; Maler, 1991; Hamilton, 1994; Hamilton, 1995). Suggested aggregate measures 

are:

(1) green national income

(2) wealth

(3) genuine saving

These measures have different policy relevance with regard to sustainable development. The first 

indicator i.e. green national income, measures only potentially sustainable income and does not 

say whether the rate of saving is sufficient to maintain this income in the long run. The measure 

of national wealth includes the value of stock of living and non-living resources. Scott (1956) 

and Hamilton (1991) suggest the inclusion of wealth in the national accounts. If the rate of total
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wealth per capita is non-declining the development is weakly sustainable^^ The trend of wealth 

per capita can be a better indicator of sustainability since it shows how the relationship between 

wealth creation and population growth influences the potential for future per capita income. 

However, this measure is data-intensive. Genuine saving measures the rate of change of wealth: 

if saving rate after adjusting for depreciation and degradation of natural capital is positive, then 

development is weakly sustainable. Government’s public policies such as fiscal and expenditure 

policies affect saving, therefore, genuine saving can have important implication for growth and 

development policy.

As opposed to SS, WS has developed further both conceptually and empirically. A number of 

studies exist on green national income (Repetto et al, 1989; Bartelmus et al, 1992; van Tongeren 

et al, 1991). Recently genuine savings have also been measured for many countries (World 

Bank, 1995a; Pearce et al, 1996b; Hamilton and Atkinson, 1995).

While we do not prejudge the issue, strong sustainability rules are perhaps beyond the realm of 

immediate policy in a country like Bangladesh. Rapidly growing population and the need to raise 

per capita income are unlikely to be consistent with a SS rule, although the message of this 

thesis is that natural resources are vitally important for Bangladesh. Moreover, the case for a SS 

rule remains unproven in respect of a constant overall natural capital stock. It is unclear what 

is and what is not ‘dispensable’. Accordingly, the WS rule is adopted in this thesis.

This study estimates genuine saving for Bangladesh because of its policy implications. The 

welfare significance of genuine saving is that persistent negative genuine saving rate must lead 

to non-sustainability, in the sense that the level of welfare of the country will eventually decline 

(Pezzey, 1994; Hamilton and Atkinson, 1995), although there is nothing in economic theory to

Here, the sustainability criterion is:

W
T
where, W = wealth and P = population
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suggest that a genuine savings rate of 25 percent is necessarily better than one of 20 percent 

(Hamilton, 1994).

8.1.2 Derivation of Genuine Saving

Pearce and Atkinson (1993), Pearce et al (1996b) and Hamilton (1994) developed the concept 

of genuine saving which can be derived in the context of gNNP obtained in Chapter 2. The 

genuine saving concept is a reformulation of the green accounting model.

NNP

gNNP

gNNP - C

-(X - M) 

So,

s .

Since,

I

So,

S„

GNP - Dp

GNP - Dp - Dn

C + I + (X - M) - Dp - D^ 

I + (X - M) - Dp - Dĵ

S,

NFB

I - NFB - Dp - D[̂

GS

GS - NFB - Dp - Dn (8.1)

where,

I

NFB

GS

X

M

Dp

Dn

investment

net foreign borrowing 

gross savings 

export 

import

depreciation of produced capital 

depreciation of natural capital
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Expression (8.1) says that gross saving is the gross of two important categories of capital 

consumption: man-made capital and natural capital. These elements represent the decline in the 

value of assets associated with their use. Therefore, they should be deducted to derive a measure 

of true saving. Genuine saving should also exclude net foreign borrowing which is used to 

finance investment and thus contributes to gross saving.

8.2 Depreciation Costs of Natural Capital in Bangladesh

Depreciation and degradation costs estimated in this study are presented in Table 8.1 where a 

range of values of forest and natural gas depreciation and of air pollution damage are presented. 

The wide range of values reflects the various assumptions made due to unavailability of data and 

the uncertainty about reserves and discount rates. Therefore, three ranges of values are 

considered: low case, high case and best case. The first two sets of values are based on the 

lowest and highest values. The third set is based on either the mid values or the values derived 

with more likely and acceptable assumptions. Therefore, the third set of values is considered to 

provide the ‘best’ estimates. Total depreciation cost is estimated for 1990 since data for all the 

resources under consideration were available only for that year.

In the case of forests, the value with medium mean annual increment (i.e. MAI =1.0 mVha/year) 

of forests are taken to be the ‘best’ estimate. Different types of forests have different MAI, for 

example, mangrove forests will have higher MAI than plainland forests. Adopting a lower MAI 

will imply that the high yielding forests are underestimated, while a higher MAI may 

overestimate the growth of overall forests. Therefore, the assumption of medium growth of 

forests is likely to give better estimates.

In the case of natural gas, the depletion cost with the cheapest replacement fuel, 5 percent 

discount rate and higher reserves is taken to be the ‘best’ estimate. The reasons for taking this 

estimate are, firstly, coal is found to be the cheapest replacement fuel in this study which implies 

that from the cost effective point of view natural gas should be replaced by coal once gas is 

depleted; secondly, 5 percent discount rate is taken to be the intermediate rate of discount as
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there is no clear link between the discount rate and environmental stock; thirdly, the higher 

reserve is taken on the basis of the assumption that the probable reserves will be proven sooner 

or latter.

For air pollution, the central value of the cost of anthropogenic air pollution with unitary income 

elasticity of demand for risk reduction and WDL equal to half of RAD, is considered to be the 

‘best’ estimate. The unitary income elasticity of demand for risk reduction gives a lower value 

of health risk compared to values with 0.6 or 0.3 income elasticities. The basis for accepting a 

lower value is that there are other factors which may influence the WTP, for example, the level 

of education. With the increase in the level of eduction, the WTP is likely to increase. The 

difference in the eduction level between the UK and Bangladesh is large. Therefore, a unitary 

income elasticity of WTP and thus a lower value of mortality risk can be justified. Alberini et 

al (1994) show that the assumption of unitary income elasticity of WTP gives meaningful results 

in Taiwan.

When the lowest values are considered, total depreciation of natural resources and of air quality 

is TK 23.5 bn. This is 2.8 percent of total GDP. With the highest values, the cost of 

environmental depreciation turns out to be TK 235.3 bn which is 28.2 percent of GDP. The 

depreciation cost in the case of ‘best’ estimate is close to the first case i.e. the lowest value case. 

This is because in the ‘best’ case those values are taken which are also the lowest values in 

some cases. Total depletion cost in this case is TK 34.5 bn. The share of depreciation cost in 

GDP is 4.1 percent (Table 8.1).
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Table 8.1 Depreciation of environmental resources in Bangladesh: Summary

Year Fishery

(TK

bn)

Forest 

(TK bn)

Natural Gas 

(TK bn)

Air

Pollution 

(TK bn)

Total (TK 

bn)
Depreciation 

as % of 

GDP

1983 -3.9 +1.5 —̂ -0.4

1984 -5.0 +1.6 ^  -0.4

1985 -6.1 +1.8 —> -0.6

1986 -8.0 +2.8 —> -0.04

1987 -9.2 +4.4 -+ -2.8

1988 -10.7 +2.1 -+ -0.8

1989 -12.1 +2.2 —> -0.4

1990 -14.0 L +4.6 
H -3.2 

B +0.7

L - 1.3 

H -46.3 

B -1.3

L -12.8 
H -171.8 

B -19.9

L -23.5 

H -235.3 

B -34.5

L 2.8 
H 28.2 

B 4.1

Note: The symbols*-’ and *+’ imply depreciation and appreciation respectively.
L = Low case 

H = High case 
B = Best case

Source: Tables 4.12, 5.13, 6.11 and 7.16.

Comparison of Bangladesh Depreciation Cost with Studies for Other Countries

In Table 8.2 results of this research are compared with other studies carried out in developing 

countries. Different studies have estimated different types of resource and the time period of 

estimation is different. In most of the cases, there is a range of results. This is because 

depreciation was estimated for over a period of time and not just for one particular year. In the 

case of Mexico the results are for only one year. In the Mexican study the value of degradation 

of natural capital is 6 percent of NDP and if environmental damage is taken into account 

degradation increases to 14 percent of NDP (van Tongeren et al, 1991). Table 8.2 shows that
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the share of resource depreciation in Bangladesh is consistent with other studies.

Table 8.2 Comparison of results with a few studies from developing countries

Country Resource estimated Year Depreciation

Costa Rica Forest, fishery, soil 1970-89 8 -> 14 % of GDP

Indonesia Oil, forest, soil 1971-84 Depreciation 2 —> 24% of GDP 

Appreciation 20 —> 36% of GDP

Mexico Oil, forest, water, air, soil, 

waste deposit

1985 6 - ^ 1 4 %  of NDP

Papua New 

Guinea

Forest, soil, fishery 1986-90 1 10% of NDP

Philippines Forest, fishery, agriculture, 
petroleum

1970-87 4% of GDP

Bangladesh Fishery, forest, natural 
gas, air pollution

1990 4% of GDP

Source: Table 2.1 in Chapter 2 and own calculation.

8.3. Genuine Saving in Bangladesh

Based on the results in Table 8.1 and equation (8.1) genuine saving of Bangladesh is estimated 

in Table 8.3. Three estimates of genuine saving are presented in Table 8.3. In all three cases 

genuine saving is negative. In other words, Bangladesh is ‘mining’ its resources. Genuine 

savings are TK (-) 0.9 bn, TK (-) 212.7 bn and TK (-) 11.9 bn for low, high and best cases 

respectively. The shares of dissaving in total GNP are 0.1, 26.5 and 1.5 respectively for low, 

high and best cases. The results are shown in Table 8.3. The result of the ‘best’ case is depicted 

in Figure 8.1.
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Table 8.3 Genuine saving in Bangladesh, 1990

Gross

Saving

(1)

Depreciation 

of Produced 

Capital 

(2)

Net

Foreign

Borrowing

(3)

Net

Saving

(4)=(1)
-(2)-(3)

Depreciation 

of Natural 

Capital (5)

Genuine 

Saving (6) = 

(4 ) - (5 )

Total 

Saving 

(TK bn)

74.6 51.5 0.5 22.6 L 23.5 

H 235.3 

B 34.5

L (-) 0.9 

H (-) 212.7 

B (.) 11.9

% of 

GNP

9.3 6.4 0.06 2.8 L 2.9 

H 29.3 

B 4.3

L (-) 0.1 
H (-) 26.5 

B (-) 1.5

Note: Total GNP in 1990 was TK 804.1 bn (World Bank, 1995a).
L = Low case 

H = High case 
B = Best case

Source". Column 1 and 2: World Bank, 1995a, Column 4: Own calculation.

Trend of Saving

In order to see the trend of saving over time depreciation of only fisheries and forests is 

considered since data for these sectors permit annual estimates. Table 8.4 presents the total 

saving and the rate of saving in GNP after adjustment for depreciation of fisheries and forests. 

It is observed that the amount of genuine saving is very low and even negative (in 1986). The 

share of genuine saving in GNP during 1983-90 is between -0.3 to 2.5 percent whereas the 

shares of gross and net saving during the same period are between 8.8 to 11.3 and between 1.5 

to 4.1 percent of GNP. It is obvious that if depreciation of other resources such as natural gas 

and air quality could be estimated for those years genuine saving would be negative as for 1990 

(Table 8.3). The trend of genuine saving during 1983-90 with fisheries and forest depreciation 

is shown in Figure 8.2.

233



Table 8.4 Genuine saving allowing for fisheries and forest depreciation, 1983-90 (TK bn)

Year Gross

Saving

Depreciation 

o f Produced 

Capital

Net

Foreign

Borrowing

Net

Saving

Depreciation 

of Natural 

Capital

Genuine

Saving

1983 31.2 (8.8) 25.7 G 3 ) 0.3 5.5 (1.6) 3.4 (1.0) 1.8 (0.5)

1984 39.4 (10.6) 27.9 (7.5) 0.4 11.5 (3.1) 4.4 (F 2 ) 6.7 (1.8)

1985 42.2 (9.4) 33.5 (7.5) 0.3 8.7 (1.9) 6.6 (1.5) 1.6 (0.4)

1986 43.3 (8.8) 36.4 (7.4) 0.3 6.9 (1.4) 8.0 (1.6) -1.5 (-0.3)

1987 61.3 (11.3) 3&8 (7.2) 0.5 22.5 (4.2) 8.4 (1.6) 13.7 (2.5)

1988 67.2 (11.3) 42.4 (7.1) 0.5 24.8 (4.2) 11.5 (1.9) 12.8 (2.2)

1989 64.1 (9.6) 45.7 (6.9) 0.6 18.4 0 ^ ) 12.5 (1.9) 5.3 (0.8)

1990 74.6 (9.3) 51.5 (6.4) 0.5 23.1 (2.9) 13.3 (1.7) 9.2 (1.1)

Note: Figures in the parenthesis are the percentages o f GNP. 

Source: Column 2 and 3: World Bank, Column 5: Own calculation.

Comparison of Genuine Saving of this Study with the World Bank Study

Adjusting for crude oil depreciation and COj emissions the World Bank has estimated genuine 

saving for Bangladesh (World Bank, 1995a). Their results show that during 1980-90 genuine 

saving was between -0.2 to 3.1 percent of GNP. In 1990 genuine saving was 2 percent of GNP. 

On the other hand, according to this thesis genuine saving is -1.5 percent of GNP. The difference 

of results between the two studies is due to the fact that the adjustment in this thesis was made 

for more resources than the World Bank study. Fisheries, forests and natural gas comprise a 

significant portion of the national income and accordingly their depreciation will be higher. 

However, if the depreciation of only fisheries and forests are considered then the results of the 

two studies are close. The results of the two studies are presented in Table 8.5.
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Table 8.5 Genuine saving in Bangladesh: Comparison of results (% of GNP)

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

World Bank 

GS 8.5 9.5 7.3 8.8 10.6 9.4 8.8 11.3 11.3 9.6 9.3

NS 3.6 0.7 1.6 3.1 1.9 2.5 4.2 4.2 2.8 2.9 2.8

s ; 1.2 2.8 -0.2 0.7 2.1 1.1 0.5 3.0 3.1 1.8 2.0

This Study

s r

Sg

0.5 1.8 0.4 -0.3 2.5 2.2 0.8 1.1

-1.5

*

* *

Adjusted for crude oil and COj 

Adjusted for fisheries and forests 

*** Adjusted for fisheries, forests, natural gas and air pollution 

Source: World Bank, 1995a; Table 8.3 and 8.4.

From the results in Table 8.3 the following conclusions can be made:

1/ The evidence that Bangladesh is dissaving implies that the economy is faced with the

danger of non-sustainability unless resource degradation slows.

2/ Non-sustainability would mean a lowering of future levels of well-being, especially as

pollution is growing. In other words, the per capita resource endowment is declining.
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8.4 Policy Implications

The results of this study can be used to prescribe policy implications for Bangladesh in two 

major aspects: investment requirement for the economy and natural resource management. These 

are discussed below.

8.4.1 Investment Requirement

Productive investments are needed to offset this dissaving. The weak sustainability rule explained 

earlier says that investment could be made on any type of capital. However, the "quality" of 

investment is important. Investment should be made in the most productive sector. Traditionally, 

public investment in Bangladesh has been made in physical infrastructure and in many cases 

investment has been wasted. Human capital has got lower priority in Bangladesh which is 

manifested in the amount of expenditure on this sector. For example, expenditure on education 

is only 1.6 percent of GNP (1990). But human capital is the most important component of the 

capital stock in Bangladesh. According to the World Bank (1995a) human capital makes up 79 

percent of total capital stock in Bangladesh while produced capital and natural capital consist 

of 14 percent and 7 percent respectively. So investment in human capital could be the best way 

to increase future well-being and to achieve sustainability (Pearce et al, 1996b; World Bank, 

1995a).

8.4.2 Management of Environmental Resources

The second policy priority should be the better management of environmental resources. In 

Bangladesh, natural resources matter not just because of the "direct dependency" effect but also 

because natural capital is an important component of the overall capital stock. Resource rents 

from natural resources such as fisheries and forests encourage over-exploitation if rents go to the 

individuals and not to the government. The economic rent from pond, shrimp farm and 

subsistence fisheries is quite large. Unless managed and controlled this can lead to 

overexploitation. Inland fisheries in Bangladesh are managed through leasing and licensing
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systems. The management of water bodies becomes the responsibility of the leaseholder or the 

licence holder. In the leasing system since the lease is given for 1-3 years leaseholders (many 

of whom are non-fishermen) try to maximize rent within this limited time and thus overexploit 

fish. The maximization of short-term gains through "rent seeking" leads to low productivity. The 

licensing system is preferred to the leasing system by the Department of Fisheries since licences 

are given only to the genuine fishermen for one or more years. The argument is that leasing 

leads to overexploitaion while licences given to genuine fishermen will improve the efficiency. 

However, the process of transferring from the leasing to licensing system is very slow. This 

study finds that marine fisheries are overexploited as the harvest has already exceeded the 

maximum sustainable level of yield. The overexploitation of fish stock can be controlled by 

limiting the size of fish stock and by limiting the total number of fish caught through restrictions 

on fishing efforts. In Bangladesh regulations have never been seriously enforced (Tsai and Ali, 

1985). Indeed in developing countries where resources are limited it is difficult to enforce such 

regulations. Community management and empowerment of fishermen could be useful in 

enforcing regulations to limit overexploitation.

Resource rents from forests are also increasing. The institutional failure such as underpricing and 

inability to capture royalties by the government lead to resource depreciation. Forest products 

are sold at a subsidised price to the industrial consumers. For example, in 1990, royalty paid by 

the industries to the government was TK 25 per tonne for most categories of fuelwood but the 

market price for fuelwood was between TK 650 to 900 per tonne (USAID, 1990). In most cases 

subsidization leads to inefficient and wasteful use of resources. The demand for the product is 

not affected by a small increase in the price. On the supply side, the producers do not get 

adequate incentive to generate surpluses which could be invested for further production 

expansion. Therefore, the government should capture adequate royalty to invest for creating and 

maintaining wealth.

Though the reserve of natural gas is huge in Bangladesh, it is not unlimited. Keeping this in 

mind one has to consider the depletion cost which has to be bome by the country. This depletion 

cost is the cost of future foregone consumption. As a non-renewable resource, the reserve of
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natural gas can not be expanded. However, it can be used more efficiently and should be priced 

appropriately so that it lasts longer and the income generated from this resource can be invested 

for further wealth creation. The inefficient use is reflected not only in the system loss but also 

in the pricing of natural gas. Pricing is not based on the user cost or depletion cost principle and 

therefore, the price of natural gas is less than its economic cost (this study; Julius and 

Mashayekhi, 1990; Munasighe and Schramm, 1983).

Air pollution damage costs are very high, a finding that is consistent with other studies (for 

example, Florig, 1994). If indoor pollution and pollution in all the other cities were taken into 

account, the estimates would have been larger. Air pollution damage is a huge social burden on 

the country. The main source of air pollution in Bangladesh is emission from vehicles and 

industries. Enforcement of regulations and monitoring are required to control emissions.
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Chapter 9

Summary and Conclusions

9.1 Main Findings and Contribution of this Study

This research is the first attempt to carry out the exercise of economic valuation of natural 

resource depreciation and environmental degradation in a comprehensive manner and examine 

the sustainability of the economy of Bangladesh. Despite the paucity of data it has been possible 

to get an indication about the depreciation of environmental resources from which important 

conclusions were drawn in Chapter 8. Contribution has been done in four areas: depreciation 

costs of fisheries and forests, depletion cost of natural gas and cost of air pollution damage.

This study shows that fisheries and forests do exhibit depreciation (Chapter 4 and 5). Net price 

method was applied to estimate depreciation of these two resources. The depreciation of fisheries 

is very high compared to forests. Depreciation costs of pond, shrimp, subsistence and trawl 

fisheries are estimated. It is found that during 1983-90 total value of depreciation costs from 

different types of fisheries under consideration is between TK 3.9 bn to 14 bn. In terms of 

percentage share depreciation is 1.1 to 1.7 percent of total GDP. This share is between 41 to 53 

percent of total GDP of fisheries sector (Table 4.12, Chapter 4). The study also examined the 

sustainability of marine fisheries. Using a bio-economic model for fishery it was shown that 

marine fisheries in Bangladesh have exceeded the maximum sustainable level of yield (Figure 

4.8, Chapter 4). This confirms the concern that marine fisheries suffer from overfishing and 

overcapitalization and has limited growth potential (ADB, 1985; Chowdhury, 1988).

The depreciation of the forestry sector is lower than the fisheries sector. One obvious reason for 

this is the inclusion of only timber products in the calculation. The depreciation of forest is 

estimated under various assumptions regarding the mean annual increment (MAI) of forest which 

gives a range of values. During 1980-90 total depreciation costs in this sector vary from TK 0.2 

to 3.8 bn. The share of depreciation in total GDP is between 0.01 to 0.6 percent. With high MAI
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(1.3 m^/ha/year) the forestry sector experiences appreciation. The amount of appreciation is 

between TK 0.2 to 4.6 bn during 1980-90 which is 0.1 to 0.5 percent of total GDP. Mixed 

results are obtained with medium MAI (1.0 m^/ha/year) i.e. in some years there is depreciation 

and in some years there is appreciation of forests. In this case the share of depreciation is 

between 0.01 to 0.1 percent of GDP and the share of appreciation is between 0.01 to 0.2 percent 

of total GDP. When MAI is 0.7 mVha/year, the forestry sector experiences depreciation 

throughout 1980-90. The share of depreciation in this case is between 0.1 to 0.5 percent of total 

GDP (Table 5.14, Chapter 5).

In the case of natural gas different scenarios have been examined in calculating the depletion 

cost. The cost of forgone future consumption i.e. the depletion cost of natural gas varies due to 

assumptions regarding the volume of reserves, depletion time and discount rate. Depletion costs 

have been calculated for 1990 on the basis of replacement fuel cost i.e the fuel which will 

replace natural gas once gas is exhausted. The results show that coal is the cheapest backstop 

resource followed by LNG and fuel oil. The most expensive alternative, i.e. fuel oil, gives the 

highest depletion cost and the cheapest option, i.e. coal has the lowest cost among the three 

options (i.e. fuel oil, LNG and coal). Discount rates influence depletion cost estimates in a 

significant way. A lower discount rate increases the depletion cost. Depletion costs are the lowest 

with a 12 percent discount rate as the loss in future consumption has a lower present value. Total 

depletion cost varies between TK 1.3 to 46.3 bn and the percentage of depletion cost in total 

GDP varies from 0.2 to 5.6 percent depending on assumptions about the discount rate and 

reserves (Table 6.11, Chapter 6).

Though the calculation of depletion cost of natural gas is not a new exercise and can be found, 

for example, in Munasinghe and Schramm (1983) and in Julius and Mashayekhi (1990) but this 

study is based on recent data and different assumptions regarding discount rate and future price 

of backstop resources.

The total cost of health risk due to particulate air pollution varies from TK 12.8 bn (2.4 percent 

of total GDP) to TK 171.8 bn (20.6 percent of GDP). These are potentially very large figures
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but are consistent with findings of other studies (for example, Florig, 1994; Ostro, 1994). The 

health cost of air pollution is again calculated for 1990 under different scenarios. The scenarios 

are developed on the basis of assumptions regarding the income elasticity of demand for risk 

reduction and working days loss. Total number of deaths from anthropogenic particulate matter 

is 3749 in the central estimate in the capital city of Bangladesh. The value of statistical lives of 

these people is TK 19.7 bn if an income elasticity of demand for risk reduction is taken to be 

1. The central estimate of number of restricted activity days (RAD) from anthropogenic 

particulate matter is 17 million days. If half of these days are assumed to be working days loss 

(WDL) the cost amounts to TK 0.6 bn i.e. 0.07 percent of total GDP (Tables 7.11, 7.13, 7.14 

and 7.15, Chapter 7). One acknowledged weakness of statistical life value estimates is the 

absence of direct WTP study for Bangladesh. The values used in this study, based on benefits 

transfer technique, are higher than those found for India (Parikh et al, undated) and Brazil (de 

Motta and Mendes, 1994).

The health impact of particulate air pollution has been estimated based on borrowed dose- 

response functions (DRF). Thess DRFs are developed for rich countries, but have been 

successfully used in other developing countries such as Indonesia. Moreover, limited studies in 

some developing countries such as Brazil (de Motta and Mendes, 1994), China (Xu et al, 1995) 

and Chile (Ostro, 1995) show that the values of DRF are in the same range (see Table 7.9, 

Chapter 7). The valuation of pollution damage has been done with borrowed estimates based on 

the Benefit Transfer Approach in the absence of a contingent valuation study for Bangladesh. 

But these estimates have suitably been adjusted to account for the income difference. Therefore, 

the results are meaningful.

This thesis has also been able to suggest important policy implications from the depreciation and 

degradation cost estimation. This study derives genuine saving of Bangladesh and examines the 

sustainability of the economy. Total costs of depreciation and degradation in 1990 are TK 23.5 

bn, TK 235.3 bn and TK 34.5 bn for low, high and best cases respectively. The shares of 

depreciation in total GDP are 2.8, 28.2 and 4.1 percent respectively for low, high and best cases. 

Table 8.1, Chapter 8). The results of the study are consistent with studies undertaken in other
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developing countries (Table 8.2, Chapter 8). Genuine saving in Bangladesh is found to be 

negative. A comparison of genuine saving estimates of this study with the World Bank study 

shows that the percentage share of genuine saving in GNP is lower in this study (even negative). 

This is because this study allows for depreciation of more resources (fisheries, forests, natural 

gas and air pollution) than the World Bank study (only oil and CO2 emission). However, when 

depreciation of only fisheries and forests are accounted for then the difference in results are 

narrower. This thesis found that in total GNP the shares of genuine savings are -0.1, -26.5 and - 

1.5 percent respectively for low, high and best cases. A negative genuine saving implies non

sustainability and welfare reduction. Therefore, policy measures are required for to increase 

investment on its capital stock.

9.2 Problems of the Depreciation Exercise

Many effects of natural resource depreciation and environmental degradation are interrelated 

which gives rise to a potential interesectoral spillover problem in estimating depreciation costs. 

For example, deforestation would result in climate change and can lead to sea level rise. If the 

valuation of damage from deforestation as well as sea level rise is made it may include an 

element of the damage cost twice. Similarly, air and water pollution can be caused by oil 

extraction and oil refining activities as well as by coal and gas extraction activities, albeit in 

limited amounts. The secondary effects on production and income generating activities are 

difficult to identify because many effects (primary and secondary) may operate together and the 

time lags of the effects on production may be considerable (van Tongeren, 1991). Disaggregation 

of primary and secondary damage cost is complicated and can give rise to the problem of double 

counting of damage costs. In this study the problem of double counting does not arise since 

secondary impacts are not estimated.
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9.3 Directions for Further Research

Depreciation costs measured in this study are partial estimates based on a number of 

assumptions. Lack of data was the main constraint for a complete estimation of depreciation cost. 

Collection of first hand data needs time and resources. If data become available this research can 

be extended. Possible work can be progressed in the following areas.

In the case of fisheries sector total depreciation cost could be estimated for all types of fisheries. 

An examination of the sustainability of the inland fisheries could also be carried out if the 

information was available.

Natural resources and the environment also provide indirect services to the society. If these 

services are accounted for, the actual depreciation or appreciation of resources could be estimated 

more correctly. For example, forests paly a vital role in preserving the climate and natural 

condition and thus provide indirect benefits. Benefits are derived from wildlife habitat, forest 

recreation, ecological services such as hydrological effects, carbon fixing and storage, nitrogen 

leaking, biodiversity and soil productivity. Valuation of these services are possible through 

indirect methods if first hand data are available.

Air quality is degraded by many other pollutants apart from particulate matter. Moreover, indoor 

air pollution can also affect health negatively. In developing countries indoor air pollution is very 

high (see Table 7.8, Chapter 7) which is likely to be the case in Bangladesh as well. If all types 

of pollutants from all over the country are considered the cost of health risk due to air pollution 

will be higher.

There are many other areas of environmental degradation such as land degradation, water 

pollution and carbon dioxide emissions which need to be investigated. However, the purpose of 

this thesis was to get an indication of the extent of depreciation of environmental resources in 

economic terms with the existing information. Complete estimation needs more data. In the 

absence of necessary information, data could be obtained from the first hand survey but this was
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beyond the scope of this research.

Notwithstanding the limited data and complications in valuation this thesis found some 

interesting and important results which showed that Bangladesh is ‘mining’ its resources and 

tends towards non-sustainability. The results also suggest important policy prescriptions in terms 

of investment requirement and environmental resource management.

9.4 Policy Response to Environmental Issues

This study reveals that (i) the economy of Bangladesh is directly dependent on the productivity 

of natural resources such as soil, water, forests and natural gas - a result that accords with casual 

observation (ii) resource degradation is very high, and (iii) Bangladesh has a negative saving, 

implying that the economy risks being non-sustainable. In view of the results, two broad policy 

implications have been discussed in Chapter 8. However, a number of factors create problems 

in the implementation of these policies. Difficulties in the implementation of the existing policies 

arise due to various constraints such as weak institutional and legal framework, problems in the 

power structure, lack of awareness and lack of resources. These are discussed below.

The formulation of an environmental policy needs, first of all, adequate information. In many 

areas there is inadequate or little information. For example, information on the extent of 

deforestation, a complete inventory of the growing stock of forests and the extent of pollution 

from various sources is limited. Data on soil erosion, loss of wetlands and biodiversity are 

incomplete.

The lack of adequate information on environmental degradation limits the process of valuation 

of resource depreciation and environmental degradation. In the absence of full estimates of cost 

of resource and environmental degradation the scope of a comprehensive environmental policy 

becomes limited. Improvement of scientific knowledge of ecological system is important to 

monitor trends and changes of the environment over time. Dissemination of information at the 

micro and macro level is important.
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As far as specific policies are concerned, programmes should be focused on the control of 

deforestation and overexploitation of fishery resources, efficient use of land, water and energy 

resources. Community based efforts to protect, regenerate and manage the natural forests are 

important. Support should be given for social forestry. Tree plantation programme needs to be 

undertaken in the drought prone agricultural land, coastal and homestead areas. In the case of 

fishery community management and empowerment of fishermen could be useful in enforcing 

the regulations to limit overexploitation of fishery resources. Actions are needed to control the 

extent of effluent dumping and keep air, water and solid waste pollution within an acceptable 

limit. Industrial units should carry out Environmental Impact Assessment (EIA) prior to setting 

up industrial plants. Development activities should be undertaken after the assessment of their 

impact on the environment. The cost of degradation of natural resources needs to be assessed. 

Estimation of the extent of economic costs, in terms of damage to production, impact on the 

health and loss of biodiversity is required.

Various economic and development policies of the government also contribute to environmental 

degradation. Underpricing of forest products sold to the industries and subsidy on the price of 

natural gas lead to wasteful consumption and environmental degradation (discussed in Chapter 

5 and 6). The implementation of Flood Control Drainage and Irrigation (FCDI) projects without 

proper EIA has caused depletion of fishery resources and loss of wetlands (Hughes et al, 1994). 

Tenurial arrangements cause land degradation. Landholdings are increasingly fragmented due to 

population increase and these lands are being overcultivated. The failure of the government to 

provide adequate income and employment opportunities lead to overexploitation of common 

property resources such as open water fishery.

The solution to many environmental problems lies in the reduction of poverty. People 

overexploit natural resources to survive. When opportunities become limited they migrate to the 

cities for greater opportunities. Population pressure in the urban areas causes land scarcity, 

increased pollution and social problems in the urban areas. Many people in the urban areas live 

in the slums without proper facilities such as water, sewage, drainage and garbage removal. This 

deteriorates the environment and health.

246



Population growth is a serious problem in Bangladesh. If uncontrolled it will worsen the poverty 

situation and accelerate environmental degradation. Health and family planning programmes 

should be expanded and operated efficiently and effectively to cover a greater proportion of the 

population. Population policy requires not just investments in information about contraceptives 

and the benefits of reduced family size, but also a major effort to understand and modify the 

underlying economic and cultural factors that continue to favour large families (Pearce and 

Warford, 1993). Development stabilizes populations, but in many cases development itself is 

threatened by rapid population growth.

Institutional weakness is partly responsible for the failure of development programmes. The 

implementation of regulations requires regular monitoring. In order to monitor these programmes 

a strong institutional set up is essential and close cooperation between the public and private 

agencies is necessary. Environmental laws regarding forestry, fishery, air and water pollution, 

pesticide use, solid waste and industrial effluent disposal and land use have to be updated. 

Stronger legislative mandate and greater power of enforcement are required to control pollution.

Awareness among the people from all walks of life is essential to control resource exploitation 

and environmental degradation. Environmental education is needed specially for the policy 

makers and those who harvest resources. Ignorance about the ecology leads to misutilisation of 

the products and services of the environment. Increased awareness both at the individual and 

national level is essential to develop a sense of responsibility towards preventing environmental 

degradation.

The implementation of policies in Bangladesh is constrained by lack of resources as well. The 

country depends heavily on foreign aid for its development programme. More than 80 percent 

of its investment is financed by external development assistance (World Bank, 1993b). In many 

occasions resources are not used efficiently. Efficient use of resources requires improvement in 

the accountability system and regular monitoring.
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In Bangladesh, the social structure is unequal and influential groups with vested interest 

manipulate policies for their own benefit. Therefore, resources are misappropriated often. The 

poor, who are the direct and worst victim of degradation, do not have any decision making 

power in development policies. Strong measures such as effective land reform are required to 

change the control over decisions. Finally, the implementation of policies depends very much 

on the strong political will of the government. Therefore, commitment of the government is 

important for a successful environmental policy.
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Appendix A l

Appendix A l l

List of Selected Fish Species

Local Name English Name

Freshwater Species

Rui

Katal

Mrigal

Silver Carp

Grass Carp

Kalibaush

Hilsa
Chited

Boal
Aur

Puti
Chapila

Foli

Shol/Gazar

Rohu 

Catla 

Mrigal 

Silver Carp 

Grass Carp 
Calibasu 

River Shad

Catfish

Aur
Puntius Carp

Featherback
Snakehead

Marine

Poa

Rupchanda 

Chhuri 

Bhetki 

Kala Datina

Croaker

Pomfret

Hairtail

Giant Sea Perch 

Black Jewfish
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Appendix A1.2

GDP from Agriculture and Total GDP (TK million; 1984 = 100)

Year Agriculture Total GDP

1972 131,636 264,555

1975 144,933 293,821

1980 156,068 352,883

1985 175,549 424,593

1990 193,421 514,442

1991 197,193 534,820

Source: BBS, 1993a.
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Appendix A1.3

GDP deflators in Bangladesh (1984 = 100)

Year Fishery Total GDP Deflator

1983 78.14 89.91

1984 100.00 100.00

1985 116.97 109.81

1986 142.06 121.90

1987 161.66 131.20

1988 182.36 141.36

1989 196.04 148.25

1990 198.36 162.19

1991 208.57 169.00

Source: BBS, 1993a.
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Appendix A1.4

Prices of subsistence fish, 1987

Species Quantity (Q) 

(tonnes)

Price (P) 

(TKdcg)

PxQ (TK) Weighted price 

(TK/kg)

Carp 7667 61.4 470463.0

Catfish 2949 38.4 113321.2

Snakehead 16511 43.2 712694.6

Live fish 16092 53.1 854499.9

Other inland fish 125098 353 4415888.9

Prawn 13726 40.4 554909.2

Total 182040 271.8 7121776.7 39.12

Price of marine fish, 1988

Species Q (tonnes) P (TK/kg) PxQ (TK) Weighted price 
(TKdcg)

Exportable shrimp 4893 222.0 1086246.0

Other fish 5460 20.5 112099.8

Total 10353 242.5 1198345.8 115.7

Source: Department of Fisheries, 1987, 1988.
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Appendix A1.5

Depreciation per kg from each type of fishery

Pond fisheries, 1987 

Shrimp fisheries, 1989 

Subsistence fisheries, 1987 

Trawl fisheries, 1988

TK 33/kg 

TK 19.80/kg 

TK 18.02/kg 

TK 65.7/kg

Estimated depreciation cost per kg using deflators

Year
Depreciation (TK/kg) Catch (tonnes)

Pond Shrimp Subsist

ence

Trawl Pond Shrimp Subsist

ence

Trawl

1983 16.0 7.9 8.7 28.2 107940 8220 200620 14500

1984 20.4 10.1 11.1 36.0 111570 11280 194130 12440

1985 23.9 11.8 13.0 42.1 123800 19950 187400 11900

1986 29.0 14.3 15.8 51.2 142880 22050 183800 12360

1987 33.0 16.3 18.0 58.2 149420 25250 182040 10400

1988 37.2 18.4 20.3 65.7 155010 27170 186130 10350

1989 40.0 19.8 21.9 70.6 163730 27510 193760 11380

1990 40.5 20.0 22.1 71.5 181020 28430 249080 8760

1991 42.6 21.1 23.2 75.1 193690 30150 293210 9620
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Appendix A1.6

Actual and estimated yield of marine fish

Year Y (000) f(000) Y/f Est Y/f Est Y

1972 87 77.2 1.13 0.69 53456

1973 88 96.8 0.91 0.68 65557

1974 89 206.3 0.43 0.59 122193

1975 95 211.4 0.45 0.59 124378

1976 100 221.0 0.45 0.58 128380

1977 110 230.6 0.48 0.57 132240

1978 118 247.6 0.48 0.56 138724

1979 122 264.6 0.46 0.55 144760

1980 125 369.2 0.34 0.47 172033

1981 130 385.2 0.34 0.45 174708

1982 141 405.2 0.35 0.44 177494

1983 165 603.2 0.27 0.28 171592

1984 188 595.3 0.32 0.29 172992

1985 207 562.4 0.37 0.32 177783

1986 218 561.8 0.39 0.32 177854

1987 227 67.5 0.34 0.23 154427

1988 233 67.5 0.35 0.23 154427

Regression Results

R"
Adjusted R̂
Standard error 
Number of observation 
Intercept 
X variable

= 0.493119 
= 0.459327 
= 0.163187 
= 17
= 0.752317 
= -0.00000078
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Appendix A 1.7

Estimated total costs and total revenue (in TK billion)

Year Total costs Total revenue Rent

1972 1.3 6.1 4.8

1973 1.6 7.5 5.9

1974 3.5 14.0 10.5

1975 3.6 14.3 10.7

1976 3.8 14.8 11.

1977 3.9 15.2 11.3

1978 4.2 15.9 11.7

1979 4.5 16.6 12.1

1980 6.3 19.8 13.5

1981 6.5 20.0 13.5

1982 6.9 20.4 13.5

1983 10.3 19.7 9.5

1984 10.1 19.9 9.8

1985 9.6 20.4 10.9

1986 9.6 20.4 10.9

1987 11.5 17.7 6.3

1988 11.5 17.7 6.3
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Appendix A2

Appendix A2.1

Scientific name of forest species

Garjan Dipterocarpus
Civit Swintonia floribunda grif
Jarul Lagerstroemia speciosa
Gamar Gmelina arborea
DhakiJam Syzygium grande
Champa Michelia champaca
Teak Tectona grandis
Mehogony Switenia mahagoni
Sundari Heritiera fomes bush
Gewa Eexcoecaria agallocha
Kankara Bruguiera gymnorrhiza lam
Keora Sonneratia apetala ham
Golpata Nipa fruticans
Sal Shorea rebusta
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Appendix A2.2

Production of timber and fuelwood

Year
Production in 000 metric tonnes Production in million cubic metre*

Timber Fuelwood Timber Fuelwood

1980 658 1026 0.88 1.37

1981 776 1178 1.03 1.57

1982 692 1364 0.92 1.82

1983 792 1410 1.06 1.88

1984 793 1428 1.06 1.90

1985 901 1591 1.20 2.12

1986 751 1352 1.00 1.80

1987 812 1461 1.08 1.95

1988 779 1401 1.04 1.87

1989 796 1432 1.06 1.91

1990 661 1922 0.88 2.56

1991 677 1967 0.90 2.62

* Calculated using specific density of wood equal to 0.75 tonnes/m^ 

Source: BBS, 1993a.
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Appendix A3

Appendix A3.1

Calculation of T

The following equation is solved for T:

T

R, = 10909.7 BCF

R2 = 19847.7 BCF

i = 12.7 %

Q = 172.8 BCF

When R = 10909.7 BCF

[172.8{(1.127f - 1} / (1.127 - 1)] + {15 x 172.8 (1.127)?} = 10909.7 

[{172.8(1.127}? - 172.8} / 0.127] + 2592 x (1.127)? = 10909.7 

172.8(1.127)? - 172.8 + 329.18(1.127)? = 1385.53

(1.127)? (172.8 + 329.18) = 1558.33

(1.127)? = 3.104

Taking the log of both sides:

Tln(1.127) = ln 3.104 

0.12 T =  1.132 

T = 9 years

When R = 19847.7 BCF; T = 14 years, can be found in the same way.
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Appendix A3.2

Calculation of weighted price of fuel oil, 1990 prices

The price calculations of fuel oil are based on prices in Japan for different sectors for heavy fuel 

oil and light fuel oil. The present consumption share of different sectors in Bangladesh are used 

as weights to arrive at the weighted average.

Japan* Bangladesh**

Consuming sectors Price

Fuel Sector 000

Yen/toe

$/toe Natural gas

consuming

sector

Sectoral

share

Weighted

price

Light fuel 

oil

Industry 41.75 286.6 Fertilizer 0.33 94.6

Light fuel 

oil

Household 55.87 383.6 Household

and

commercial

0.08 30.7

Heavy fuel 

oil

Industry 25.59 175.7 Other

industry

0.09 16.5

Heavy fuel 

oil

Electricity 31.24 214.5 Power 0.50 106.4

Total 1.00 248.2

Exchange rate: 1 US$ = 145.65 Yen (AEI, 1991)

Source: * AEI, 1991

* * Petrobangla, 1994

Assumptions:

(i) weights determined by the sectoral consumption of natural gas

(ii) share of commercial sector included with household

(iii) fertilizer industry consumes light fuel oil and other industries consume heavy

fuel oil.
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Appendix A3.3

Original values of depletion costs of natural gas in other studies ($/MCF)

Study/Backstop resource Discount rate

6% 10% 12% 15%

Munasinghe and Schramm, 1983

In 1980 prices

Fuel oil at $ 194/tonne 0.344 0.215 0.109

Fuel oil at $350/tonne (3% price increase for 20 years) 0.648 0.405 0.205

Coal at $5 8/tonne (FOB price) 0.175 0.109 0.055

Coal at $ 7 1/tonne (1% price increase for 20 years) 0.213 0.133 0.067

Natural gas at $ 1.5/MCF 0.081 0.050 0.025

World Bank, 1982

In 1981 prices

Fuel Oil at $ 194/tonne 0.98 0.24

Coal at $71/tonne 0.60 0.15

Natural gas at $1.5/MCF 0.23 0.06

Julius and Mashayekhi, 1990 

In 1986 prices

Replacement fuel at S3.50/MCF 0.06

Source: Munasinghe and Schramm, 1983; World Bank, 1982; Julius and Mahsyekhi, 1990.
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Appendix A4

Appendix A4.1

Calculation of carbon emission from transport sector

Transport sector consumes 25.1 petajoules of petroleum 

1 calorie = 4.19 joules

25.1 petajoules = 25.1 ^  4.19 Peal

= 5.99 Peal

5.99 X 10’" Kcal 

= 5.99 X 10̂  toe (1 toe = 10̂  Kcal)

1 toe contains 0.85 tonnes of carbon

So carbon emission from transport sector = 5.99 x l O ^ x  0.85 tonnes of carbon = 509.15 

thousand tonnes of carbon
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Appendix A4.2

Morbidity Dose-Response Functions for PM,„ (for 1 |ig/m̂  change in PM̂ g)

Morbidity Effect Lower Bound Central Estimate Upper Bound

RAD/person 0.029 0.058 0.078

RHA/100,000 0.66 1.20 1.73

ERV/100,000 11.6 23.70 35.0

LRI/child/per asthmatic 0.0010 0.0017 0.0024

Asthma Attacks/person 0.033 0.058 0. 196

Respiratory

Symptoms/person

0.080 0. 168 0. 256

Chronic Bronchitis/100,000 
(risk of new cases)

3.00 0.256 9.30

Note: RHA =
ERV = 

RAD = 

LRI =

Respiratory Hospital Admissions, 
Emergency Room Visits,

Restricted Activity Days,
Lower Respiratory Illness in Children,

Source: Rowe et al, 1995.
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