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Macro Policies and the Food Sector in Bangladesh:
A General Equilibrium Analysis!

Abstract

Trade liberalization in the early 1990s in Bangladesh has enabled the private sector to

respond with market-stabilizing inflows of rice and wheat following major production

shortfalls. At the same time, easing of restrictions on foreign investment, combined with

substantial depreciation of the Taka, have enabled exports of the labor-intensive ready

made garment industry to expand significantly. Moreover, recently discovered natural

gas resources might be exploited, creating new revenues for the country. A proper

assessment of the impact of such policies and economic developments on the poor

requires a comprehensive framework to analyze interactions between different sectors,

and linkages between macro and micro levels. In this paper we develop a computable

general equilibrium model (CGE) with special treatment of the rice and wheat sectors,

and we use it to simulate the impact of (i) a decline in rice production due to floods, (ii) a

cut in food aid of wheat, and (iii) increased revenues from the exploitation of natural gas

resources. The results suggest that most households benefit from more liberalized rice

and wheat trade, particularly after rice production shocks. Impacts of a decline in wheat

food aid are relatively modest, as food aid imports are not large enough to have major

macroeconomic effects. The simulations of natural gas export revenues suggest that the

extent of disincentives to agriculture will depend on whether or not the resulting real

exchange rate appreciation is sufficient to lower the import parity price of rice enough so

that domestic prices are affected. Finally, all three simulations show that the effects of

economic shocks on women's labor and female headed poor households can differ

significantly from the effects on men's labor and other households.

1 An earlier version ofthis paper was presented at the third annual FMRSP (Food Management and
Research Support Project) workshop, held in Dhaka on February 6, 2001.
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1. Introduction

Many of the policy measures affecting the welfare of the poor during the 1990s in

Bangladesh involved external trade and investment. Trade liberalization in the early

1990s has enabled the private sector to respond with market-stabilizing inflows of rice

and wheat following major production shortfalls. At the same time, easing of restrictions

on foreign investment, combined with substantial depreciation of the Taka, have enabled

exports of the labor-intensive ready made garment industry to expand significantly. A

proper assessment of the impact of these policies on the poor requires a comprehensive

framework to analyze interactions between different sectors, and linkages between macro

and micro levels.

The objective of this paper is to provide such framework by constructing a computable

general equilibrium (CGE) model of Bangladesh. The model is designed to capture

important features of the rice and wheat sectors and is used to analyze the impact of

external shocks and domestic policy changes on the food sector. It is based on a 1993-94

social accounting matrix (SAM) which distinguishes two different kind of rice

technology and has fairly disaggregated labor markets and socio-economic groups,

permitting detailed analysis of household welfare and poverty.

The paper is organized as follows. Section 2 provides a brief description of the SAM and

discusses the specific features of the applied model of Bangladesh. Section 3 reports the

results of a series ofmodel simulations and section 4 concludes.

2. Data and model

Computable general equilibrium (CGE) models are economywide models that are

extensively used for policy analysis in developing countries. The applied Bangladesh

model! presented in this paper was constructed with the objective of analyzing the impact

of some external shocks on the food sector. Its foreign sector is modeled so that a regime

I A complete mathematical model statement, based on LOfgren (2001), is provided in Appendix I. SAM
and model are implemented in the GAMS software and are available on request from the authors.
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switch between tradability and non-tradability for rice and wheat is allowed, reflecting

the specific features that these two sectors have in Bangladesh. It is our plan to develop

the model further for analyses in a wider range of areas, including other trade and tax

policies, as well as gender issues.

2.1. The Bangladesh 1993-94 SAM2

The model is based on a 1993-94 social accounting matrix (SAM) for Bangladesh, which

uses a 1993-94 10 table (BIDS 1998) and some information from another SAM3

(Khondaker 1999), while further developing its labor market features and household

structure.4 A cross entropy estimation method was applied to balance the original SAM

(Robinson, Cattaneo and EI-Said 200 I). Figure I shows the disaggregation of factors,

households, and activities in the SAM and the model.

Employment in the SAM is measured in hourss and includes both paid employment and

non-paid employment. Female working hours constitute about 24 percent of total hours

spent in market activities, mostly in agriculture (66 percent), where women constitute the

vast majority of unpaid household labor, personal and household services (12 percent),

where women work as maids, and textiles (8 percent), the ready made garment factories.

Male hours are more spread than female hours across sectors, but mainly concentrated in

agriculture (44 percent), trade (20 percent) and transports (8 percent). Female wages are

lower than male wages in all educational categories in each activity, but the gap is

smaller in the ready made garment sector, which is by far the most female intensive

sector in the economy. More than half of the workforce in agriculture does not have any

2 The SAM was built as part of a collaboration between IFPRI and a DFID-funded IDS project, coordinated
by Adrian Wood, in which Marzia Fontana was the main researcher. A full documentation of the SAM is
forthcoming in Fontana and Wobst (2001).
3 We would like to thank Bazlul Haque Khondaker for sharing with us all his data and work.
4 The main source for the income generation and distribution processes from activities to factors and from
factors to household was a recent labor force survey (BBS 1995).
5 Measuring employment in hours is useful in that it allows us to take into account more accurately
differences in time spent in market activities by different labor categories (which is particularly relevant for
gender analysis), or even by the same labor category in different activities. It also allows us to record
people involved in more than one activity, both in the market and in the non-market sphere, an possibly to
capture underemployment, which is widespread in Bangladesh.
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education, while financial services is the sector with the highest proportion of highly

educated workers.

Figure 1: Disaggregation offactors, institutions, and activities

Set

Labor (8)

Other factors (2)

Households (9)

Other institutions (3)

Agricultural activities (I0)

Non-agricultural activities (32)

Elements

• Female (four categories according to educational level: no, low,
medium, and high)

• Male (four categories according to educational level: no, low,
medium, and high)

• Land (only in agriculture)
• Non-agricultural capital

• Rural agricultural (three land holding sizes: < 0.5 ha, 0.5-2.49, and
>2.5 hal

• Rural non-agricultural (three categories according to land
ownership and gender of the household's head)

• Urban (three categories according to the educational level of the
household's head: no and lowed, medium, and high)

• Enterprises
• Government
• Rest ofthe world

• Crops (Aman, Bora, Grains, Jute, Commercial crops, Other crops)
• Non-crop (Fishing, Livestock, Poultry, Forestry)

• Industry (Rice milling, Ata & flour, Food, Tobacco, Leather, Jute
textiles, Yam, Mill clothing, Garments, Other textiles, Wood &
paper, Chemicals, Fertilizers, Petroleum, Clay, Steel, Machinery,
Other industries)

• Services (Electricity & water, Urban building, Rural building,
Construction, Trade, Transport, Communications, Hotels, Housing,
Health, Education, Public administration, Financial services, Other
personal services)

Income distribution is quite unequal: urban educated household receive 28 percent of

total income but constitute only 7 percent of the total working population, while landless

and marginal farmers receive only 5 percent of total income despite comprising 18

percent of the working population. These latter households derive their income

exclusively from labor, mostly uneducated labor (about 70 percent), while, by contrast,
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about 70 percent of the urban educated households' income comes from capital. Small

farmers and large farmers are the only groups receiving income from land.6

2.2. Modeling framework and system constraints

CGE models provide a comprehensive account of the circular flow of payments in the

economy, describing a simultaneous general equilibrium in all markets. They are

particularly useful in analyzing linkages between different producing sectors, and

between macro and micro levels. Moreover, CGE models allow assessment of the

disaggregated impact ofchanges in policies and exogenous shocks on sectoral structure,

household welfare, and income distribution.

Like most other CGE models, the applied Bangladesh CGE model is solved in a

comparative static mode. It provides a simulation laboratory for controlled experiments,

changing policies and other exogenous conditions, and measuring the impact of these

changes. Each solution provides a full set ofeconomic indicators, including household

incomes; prices, supplies, and demands for factors and commodities (including foreign

trade); and macroeconomic data. Most of the model parameters are set endogenously in a

manner that assures that the base solution to the model exactly reproduces the values in

the SAM-the model is "calibrated" to the SAM. The remaining parameters- a set of

production, income, and trade elasticities - are set exogenously. The model is structured

in the tradition oftrade-focused CGE models ofdeveloping countries described in

Dervis, de Melo, and Robinson (1982).

The rest of this section explains how the model treats production, domestic institutions

(households, enterprises, and the government), the rest ofthe world and foreign trade.

The so-called system constraints (the markets for commodities and factors, and macro

balances for savings-investment and the current account of the rest of the world) are also

described.

6 This was the choice we had to make, due to time constraints. However it would be possible to construct a
more realistic map of the allocation ofland. Data indicate that non-agricultural households, and even some
urban households, own land.
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Production Activities

The activities are the production sectors that receive their revenue from selling the

commodities they produce. These revenues are used to pay for the production inputs:

purchases of intermediate inputs and payments of wages (or rents) to primary factors. The

model assumes that the activities maximize profits subject to production functions with

neoclassical substitutability for factors and fixed coefficients for intermediate inputs.7

Each activity in the model produces a single commodity.8 In most cases, the activity is

the sole producer of its commodity. The only exception is the commodity paddy which is

produced by two activities (associated with different production technologies

representing aman and bora cropping). Aman constitutes about 44 percent of total rice

production, is rain-fed and slightly more labour intensive than bora, which is an irrigated

crop with higher fertilizer inputs and higher yields.9

Domestic Institutions

The factor incomes generated in the production process are paid in fixed shares to the

enterprises (for capital) and the households (for labor and land). The enterprises, which

are the owners of the stocks ofcapital, use part of their incomes to pay direct taxes and

save; remaining enterprise incomes are split in fixed shares among the households. The

households receive the bulk oftheir incomes from the factors (labor, land, and capital)

they own (either directly or indirectly, via the enterprises). They use these incomes to pay

taxes, save, and consume (according to demand functions derived from utility

maximization).lo

As part of its current operations, the government receives direct taxes (from households

and enterprises) and indirect taxes (import tariffs and sales taxes). The government uses

this revenue to buy a fixed consumption bundle (including the services ofthe government

7 Substitutability between factors is modeled with CES (constant elasticity of substitution) functions which
rennit the specification ofactivity-specific substitution elasticities over a wider range of values.

The model can also handle the case where activities produce more than one commodity but this
fhenomenon is not represented in the Bangladesh SAM.

The relatively small nou-irrigated aus season rice crop is also included in bora.
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bureaucrats), transfer money to households, and save. The nominal value ofthe transfers

is indexed to the consumer price index (CPI) of the model. Government savings represent

the surplus between government revenues, on the one hand, and transfers and

consumption expenditures, on the other hand. ll

System constraints: markets and macro balances

The real and nominal flows that were described above may be seen as driven by decisions

made by individual agents (households, enterprises, and the government). In addition, the

model has to specify mechanisms through which the modeled economy satisfies real and

nominal system-wide constraints that are not considered by the individual agents. The

real constraints represent the domestic commodity and factor markets; the nominal

constraints represent two macro balances: the current account balance ofthe rest of the

world and the savings-investment balance. The mechanisms through which these

constraints are met are often referred to as "closure rules" ofthe model.

The supply in each commodity market is a composite of imports and domestic output

sold domestically. The demand consists of final demands (for consumption and

investment) and intermediate demands (from the production activities). Variations in the

price of domestic output supplied to the domestic market assure equilibrium in the

domestic output market, while variations in import quantities assure equilibrium in the

market for imported commodities.

For factor markets, the model generally assumes that total quantities supplied are fixed,

while the prices ofthe factors (their wages or rents) equilibrate the sectoral quantities

demanded with these supply quantities, i.e., factors are mobile among productive

10 For household cousumption, the demand functions are ofthe LES (linear expenditure system) type.
11 In addition, the model assumes that the government investment/development budget is part ofoverall
private investment operations. Therefore, the over-all budget deficit (covering both government current and
investment operations) may be computed as the difference between government investment and
government savings.
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sectors.12 Given the rather short-tenn nature of the analysis, as well as the comparative

static approach, this treatment applies to all eight labor categories in our Bangladesh

model, but not to the two non-labor factors, land and non-agricultural capital. Instead,

sectoral demand for land and capital is fixed and the markets equilibrate through explicit

distortion factors that allow for price differentials among land (capital) rents in different

sectors, i.e., land and capital are immobile among productive sectors.

In the current account balance of the rest of the world, the basic assumption is that

foreign savings (the current account deficit) are fixed; the exchange rate (the price of

foreign exchange) is the equilibrating variable. Given that all non-trade items (transfers to

or from domestic institutions) are fixed, fixing foreign savings is equivalent to fixing the

trade deficit.

For the savings-investment balance, the model treats the investment decision as given:

the economy allocates fixed quantities of a set of commodities for investment purposes.

Given this, the value of savings has to adjust to assure that it equals the investment value.

The basic approach is to let the marginal propensity to save vary for the domestic non

govermnent institutions.

2.3 Special treatment of foreign trade

Imperfect substitutability offoreign trade

In our model, the rest of the world pays transfers to households that are fixed in foreign

currency. In addition, the rest of the world supplies imports and demands exports. The

export and import quantities are endogenous to the model: it is assumed that Bangladesh

is able to export or import any desired quantity at international prices that are fixed in

foreign currency (the "small-country" assumption).

12 The model permits the user to impose alternative specifications with unemployment of selected factors
(at fIXed wages) and different degrees of mobility ofa given factor between different activities (e.g., fixing
the quantities ofland demanded by different cropping activities as in our Bangladesh case).

7



For most commodities, the model also assumes that there are quality differences between

commodities that enter foreign trade and those that are produced for domestic use. On the

domestic demand side, these quality differences are captured by the assumption of

imperfect substitutability between imports and domestic output supplied to the domestic

market (in a manner that parallels the way in which capital and labor typically are treated

as imperfect substitutes in production). More specifically, if a commodity is imported, all

domestic demands-household and government consumption, investment demand, and

intermediate demand-are for the same composite commodity. The optimal ratio

between the quantities of imports and domestic output that make up each composite

commodity is determined by the relative prices of imports and domestic output-the so

called Armington assumption (Armington 1969). Similarly, on the domestic production

side, quality differences are captured by the assumption of imperfect transformability

between domestic output that is exported and sold domestically. According to this

formulation, the export/domestic sales ratio for domestic output is influenced by the

relevant relative prices.

This treatment ofdomestic demand and production grants the domestic price system a

certain realistic degree of independence from international prices, and dampens export

and import responses to relative price changes. The degree of demand and supply

response to changes in these relative prices (and the degree of independence of the

domestic prices system from international prices) depends on the values of the set of CES

and CET trade elasticities specified.

Regime switch between tradability and non-tradabilityfor rice and wheat

Import and export behavior is specified differently for two commodities in the model:

rice and wheat. In the 1993-94 base data, rice is not internationally traded, while one third

of total grain consumption (mostly wheat) is imported as food aid through government

interventions. For these two commodities the Armington specification would not be

appropriate for several reasons. First, if a commodity is not traded in the base data (as it

8



is the case for rice) it will always remain a non-tradable in the standard CGE13, and there

would be no way of inducing imports. Second, if a commodity is traded, its composition

is directly determined through the relative price of its domestic demand component over

the domestic price of its import component. Moreover, an Armington specification does

not allow for any market imperfections or government interventions-like government

imports offood aid, which are observed in Bangladesh's wheat market.

To allow a regime switch between non-tradability and tradability we have incorporated a

treatment ofperfect substitutability into our Bangladesh model. The Armington function

is thus replaced by the following quantity equation for the commodities that should be

perfect substitutes:

[
composite] [domestic] [. ]Imports
commodity = supply + .1' C

C ofC 0

where

C E C set of commodities

CE CPS(c C) set of imported commodities with perfect substitutability

quantity of composite commodity c

QDc quantity of domestic supply of commodity c

QMe quantity of imports of commodity c

CECPS (1)

In addition, a wedge is defined between the demand price of domestic supply, PDDc, and

the domestic import price (import parity price), PMc, and an inequality condition

between these two prices is imposed.14

13 In addition, if the share ofimports in the composite commodity is small, the absolute value ofchange
will be small compared to the total demand value ofthe composite good, eveu when the substitution
elasticity is very high.

14 Which changes the non-linear prograrmning problem into a mixed-complementarity problem.
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where

PMc

[

domestic import] [demand price Of]
(parity) price = domestic supply

ofC ofC

domestic price of import c

demand price of domestic supply c

CECPS (2)

The inequality is associated with the quantity value of imports: as long as PDDc is less

than PMc imports, QMc, are zero; as soon as PDDc equals PMc imports become perfect

substitutes with domestic supply and equation (I) applies. The initial wedge between

PDDc and PMc can be interpreted as a non-tariff trade barrier imposed by the

government through import regulations. Though the government may seek to protect the

domestic rice and grain markets during a regular year from foreign food influx, it may

well encourage foreign imports during deficit years when self-sufficiency in food supply

is not given-as in the case of a flood. This issue is the object of one of our main

simulations in this paper.

The export side of commodities with perfect substitutability is treated in an analogous

fashion, substituting the constant elasticity of transformation (CET) function that usually

determines the split of total sectoral output into exports and domestic supply as imperfect

substitutes by the following quantity equation;

[ ] [

dOmeStic] [ ]output = supply + exports
ofC ofC ofC

where

QXc quantity of output of commodity c

10
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QE, quantity of exports of commodity c

and establishing a wedge between domestic supply price, PDSe, and domestic export

(parity) price, PEe, as well as an inequality between these two prices:

[ ] [

dome'tic export]domestic supply (.).. = panty przce
pnceojC ole

where

PEc domestic price of export c

PDS, domestic supply price of commodity c

CECPS (4)

As long as the domestic supply price, PDSe, exceeds the domestic export (parity) price,

PEe, no commercial exports occur; as soon as the two prices are equal, domestic supply,

QDe, and exports, QEe, will behave as perfect substitutes.

To eliminate the second undesired effect ofthe Armington specification-the continuous

substitution of domestic supply and imports with respect to their relative prices described

above-the model defines an additional govermnent import variable QMGe and a

commercial import variable QMCe, and introduces the following equality:

[

. totol ] _ [commerciol] [government]
Imports - Imports + Imports
ojC ojC ojC

where

C E CM(c C) set of imported commodities c

CECM (5)

quantity of commercial imports of commodity c

quantity of govermnent imports of commodity c
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To account for food aid operations controlled by the government, the government import

variable, QMGc, can be fixed at any desired level while the commercial import variable,

QMCc, adjusting to satisfy equation (5). In the base run of the applied CGE model of

Bangladesh, QMGc for the commodity grains is fixed at the initial total import level,

while private imports of grains are initialized at zero.

Furthermore, the Bangladesh model allows for a combination of the two features, i. e.,

fixed government imports in the grain sector, while the sector is modeled with perfect

substitutability for commercial imports. In this market environment, if the domestic price

is below import parity, a marginal reduction of government imports would not lead to an

increase in commercial imports to substitute for the decrease of imports in this sector.

However, a gradual reduction of government imports will cause the domestic demand

price to increase and to converge towards the domestic import (parity) price. If the

quantity reduction is large enough the import parity price will be reached and the

commercial imports will be treated as perfect substitute with domestic supply of grains.

This too will be simulated in one of the experiments described in the following section.

3. Simulation results

In this section we describe three possible shocks and policy changes, mainly focusing on

the effects in the rice and wheat sectors. In each case, we concentrate on what happens to

food production and demand, and to the welfarelS ofdifferent socio-economic groups.

3.1 Rice production decline due to floods

Bangladesh is a country prone to floods, which cause severe damages to the agricultural

sector with serious implications for poverty. To simulate the effects of a flood we model

a 9 percent decline in (total factor) productivity in the rice sector, both the rain-fed aman

IS Real private consumption is used as welfare measure in all experiments, which is appropriate in a model
setting where all prices adjust relative to the fixed consumer price index, cpr.
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sector and the irrigated borol6
, which account for 44 percent and 56 percent respectively

of total paddy production in the 1993-94 base data. The simulation is run under two

different trade regimes: in the first scenario, market-clearing domestic prices for rice are

lower than import prices and hence private sector rice imports are not occurring (as is the

case in the base 1993-94 SAM), while in the second scenario, import parity does hold,

and imports are allowed to come in.

Under the first scenario, the productivity decline in rice reduces its output by 4.1 percent

(6.1 percent for aman and 2.6 percent for boro). Production declines by less than 10

percent because higher producer prices provide incentives for increased production

(implicitly on non-flood affected fields). Labor demanded by the aman and boro

increases by 6.5 and 15.7 percent, respectively, to compensate for the loss in total factor

productivity. The consumer price of rice increases by 13.4 percent due to the reduction

of rice supply. Consumer prices of most other commodities decline. However,

households reduce consumption of other goods so as to minimize reductions in their

consumption of rice. 17

Table 1- Rice production and demand
(percentage changes from base case levels)

Base case
(Taka bn 1993 prices)

Aman production 85.0
Bora production 108.1
Total production 193.1

No import parity Import parity
(%) (%)
-6.1 -6.5
-2.6 -3.6
-4.1 -4.9

Consumer price

Rural demand
Urban demand

1.0

149.8
69.6

13.4

-3.9
-5.1

10.5

-3.2
-4.3

Imports· 0.0 0.0 1.6
• as share oftotal consumption in the base case
Source: Model simulations

16 Because floods in Bangladesh generally damage only the monsoon season aman crop, adaptations of the
model specification, with consideration of seasonality, are planned.
17 Since consumer demand for rice is price-inelastic, the value oftotal expenditures on rice rises when the
price of rice increases, leaving less resources for consumption ofother commodities.
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Gross domestic product declines by 1 percent, as productivity in the rice sector, and thus

the economy overall, has declined. Due to this decline in national income the demand for

imports decreases by 0.5 percent; consequently the real exchange rate appreciates by 3

percent and total exports decrease by 0.8 percent. Returns to land increase significantly

(by 16 percent). Despite the quantity ofrice produced declines by 4 percent, its value

increases by about 18 percent due to the price rise, which translates into much higher

returns to the fixed factor (land), while wages decline. Women's wages fall more than

men's wages. Demand for rice declines slightly more in the urban areas (5 percent) than

in the rural areas (4 percent) where households increase slightly their consumption of

wheat (by I percent), while in urban areas wheat consumption also declines.

In terms ofhouseholds' welfare, the only two groups which clearly benefit from the

shock are medium and large farmers. These average gains in welfare for the two groups

of farmers mask implicit differences between farmers who suffer crop losses due to the

flood and farmers not directly affected by flood waters, who enjoy the benefits of higher

producer prices ofrice without a crop productivity decline. Real private consumption

increases, especially for large farmers (by 9 percent). The marginal farmers and poor

rural woman headed households are badly hit (both experience a decline in consumption

of about 5 percent). This is likely to exacerbate income inequality in the rural areas.

Urban households are also negatively affected although by a lesser extent (a decline in

private consumption of about 3 percent).

Table 2 - Private consumption by household
(percentage changes from base case levels)

Landless and marginal
Small farmers
Large farmers
Non-ag rural female poor
Non-ag rural male poor
Non-ag rural rich
Urban low educated
Urban medium educated
Urban highly educated

Base case
(Taka bn 1993 prices)

72.5
133.7
138.5
10.1

118.8
77.3
130.8
119.4
272.3

14

No import parity Import parity
(%) (%)
-5.3 -4.5
3.5 2.8
9.4 7.5
-6.1 -5.1
-4.7 -4.1
-6.1 -5.1
-3.4 -3.0
-4.0 -3.4
-2.7 -2.4



...

Source: Model simulations

Under the second scenario, when rice imports are allowed, domestic prices ofrice rise

only to the import parity level, increasing by 10.5 percent instead of 13.4 percent as in the

first scenario. Given the relatively less favorable price incentives, domestic production of

rice declines more than in the first scenario: aman declines by 6.5 percent and boro

decline by 3.6 percent. Private sector rice imports equal to 3.6 billion Taka (2 percent of

base year consumption) help to raise the total import bill by 2.0 percent. Thus a mild

depreciation of the real exchange rate (by 0.1 percent) is required to encourage more

exports to finance the rice imports. i8 As a consequence, there is some moderate output

increase in the most export-oriented sectors such as ready made garments (which was

declining instead in the first scenario), although the overall decline in GDP is the same as

in the first scenario. Returns to land increase less (by 13 percent instead of 16 percent)

and there is no deterioration in female/male relative wages (largely because of the

moderate increase in the garment sector, which is by far the most female labor-intensive

sector in the economy).

In terms of households' welfare, changes are similar to the first scenario, but smaller in

magnitude. Medium and large farmers benefit less, while all other households are less

negatively affected, resulting in smaller regressive overall effects. Thus the model

simulations suggest that most households benefit from a policy of allowing private

imports of rice, particularly after rice production shocks.

3.2 Cut in food aid

In this experiment, abolition of government (non commercial) imports ofwheat is

simulated under two different scenarios. In the first scenario, there is no corresponding

change in foreign savings (suggesting that the government might keep receiving the same

amount of foreign aid as before), while in the second scenario foreign savings are

reduced by the same nominal amount as the cut in wheat imports.

IS Our model closure requires that the trade balance be restored.
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In the first scenario, the decline in imports without offsetting change in foreign savings

causes a slight appreciation of the exchange rate by 0.3 percent so that exports decline

marginally in all sectors (by 0.4 percent on average). Food imports other than wheat

increase and wheat imports decline only by about 9 percent, as most ofprivate imports

substitute for food aid. Demand for wheat flour slightly declines, less in rural (0.8

percent) than in urban areas (I percent). Domestic production of wheat increases (by 4.5

percent), while output in all other sectors declines, albeit very slightly. There is no much

change in returns to factors nor is there any significant redistribution of welfare.

Under the second scenario, with an offsetting decline in foreign savings, the exchange

rate depreciates by 3 percent causing exports to rise by 4 percent. The highest increases,

although moderate, are in exports of agricultural product and light manufacturing. The

decline in wheat imports (11.9 percent) is higher than in the first scenario (as devaluation

discourages substitution ofprivate imports for food aid). Imports of other agricultural

products, as well as processed food and light manufacturing, decline, which was not the

case in the first scenario. Domestic production of wheat increases more (by 5.4 percent

instead of 4.5 percent). Production ofjute and commercial crops (relatively more

tradable) also increases, while rice production moderately declines. Because of the

Table 3- Wheat production and demand
(percentage changes from base case levels)

Food aid 4.7
Private imports*
Total imports 4.7

Wheat production

Prices

Rural demand
Urban demand

Base case
(Taka bn 1993 prices)

9.4

1.0

6.3
3.0

Unchanged foreign savings Reduction in foreign savings
(%) (%)

4.5 5.4

3.4 4.9

-0.8 -1.3
-1.0 -1.6

0.0 0.0
45.5 44.1
-9.1 -11.9

• as share oftotal consumption in the base case
Source: Model simulations
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Overall, the elimination of wheat food aid does not cause a big negative shock at the

sectoral or macro level. Private imports substitute for government imports to a certain

extent so that wheat imports decrease by only 9 percent and 12 percent respectively, and

domestic production of grains also increases.
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Table 4- Private consumption by household

(percentage changes from base case levels)

Landless and marginal
Small farmers
Large farmers
Non-ag rural female poor
Non-ag rural male poor
Non-ag rural rich
Urban low educated
Urban medium educated
Urban highly educated
Source: Model simulations

Base case
(Taka bn 1993 prices)

72.5
133.7
138.5
10.1

1\8.8
77.3
130.8
119.4
272.3

Unchanged foreign savings Reduction in foreign savings
(%) (%)

0.0 -0.3
0.1 0.0
0.2 0.1
-0.1 -0.2
~O ~.3

-0.1 -0.8
0.0 -0.5
-0.1 -0.5
-0.1 -0.6

3.3 Increased foreign exchange inflow

Large resources ofnatural gas have been recently discovered in Bangladesh. Opinions

differ as to the potential impact of investment in this new sector, including possible

adverse effects resulting from Dutch disease, i.e., an appreciation of the real exchange

rate that adversely affects other tradable sectors. We simulate a rise in foreign savings by

100 percent, equal to about 11.5 percent of total exports in the base case (or about I

percent ofGDP). This causes an appreciation of the exchange rate by 7 percent. Exports

decline by II percent, while imports increase by less than I percent. Exports fall

especially in leather, jute-textile, and ready made garments, with thus negative effects for

the emerging outward oriented textile industries. Imports increase by about 6 percent for

agricultural products, processed food, and light manufacturing products, while they

decline in mill clothing and other textiles (which are almost exclusively used as

intermediate input by the ready made garments sector whose exports and output fall). As

a result, output declines significantly in the garment industry (9 percent) but increases

moderately in agriculture (grains, other crops, poultry), construction, and most services

because of the rise in domestic demand resulting from the higher capital inflow. Rice

production marginally increases and no imports occur, because its domestic price does

not rise to import parity level. Households and govermnent increase their consumption,
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financed through a reduction in domestic savings (which is not sustainable if increased

foreign exchange influx is not permanent).

Table 5 - Rice production and demand

(percentage changes from base case levels)

Aman production
Boro production
Total production

Prices

Rural demaud
Urban demaud

Imports

Base case
(Taka bn 1993 prices)

85.0
108.1
193.1

1.0

149.8
69.6

0.0

Two-fold increase in foreign savings
(%)
0.2
0.4
0.3

0.4

0.3
0.4

0.0
Source: Model simulations

Table 6 - Wheat productiou and demand

Base case
(Taka bn 1993 prices)

Wheat production 9.4

(percentage changes from base case levels)
Two-fold increase in foreign savings

(%)
0.8

Prices

Rural demand
Urban demand
Source: Model simulations

1.0

6.3
3.0

-0.6

0.5
0.7

In terms of returns to factors, the average profit rate increases relative to land rental and

wages. Moreover, the wage of women, relative to men, declines, as garments are being

displaced by the gas sector. All socio-economic groups benefit from this shock in terms

of their real consumption. However the greatest welfare gains are for the relatively well

off, especially in urban areas.

19



Table 7- Private consumption by household

(percentage changes from base case levels)

Landless and marginal
Small farmers
Large farmers
Non-ag rural female poor
Non-ag rural male poor
Non-ag rural rich
Urban low educated
Urban medium educated
Urban highly educated
Source: Model simulations

4. Conclusions

Base case
(Taka bn 1993 prices)

72.5
133.7
138.5
10.1

118.8
77.3
130.8
119.4
272.3

Two-fold increase in foreign savings
(%)
0.6
0.4
0.6
0.2
0.6
1.4
0.9
0.9
1.2

The objective of this paper was to analyze the impact of different external shocks and

policy changes on the rice and wheat sector in Bangladesh, using a computable general

equilibrium (CGE) model. Further work is planned on both data and model specification,

however some useful lessons can be drawn from our first results. We simulated the

impact of (i) a decline in rice production due to floods, (ii) a cut in food aid of wheat, and

(iii) increased revenues which might result from the exploitation of natural gas resources.

The results suggest that most households benefit from more liberalized rice and wheat

trade, particularly after rice production shocks. Impacts of a decline in wheat food aid are

relatively modest, as food aid imports are not large enough to have major macroeconomic

effects. The simulations ofnatural gas export revenues suggest that the extent of

disincentives to agriculture will depend on whether or not the resulting real exchange rate

appreciation is sufficient to lower the import parity price of rice enough so that domestic

prices are affected. Finally, all three simulations show that the effects of economic shocks

on women's labor and female headed poor households can differ significantly from the

effects on men's labor and other households.
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Table A.I: Mathematical summary statement for the Malawi CGE model

SETS

Symbol

aEA

CEC

CE CX(e C)

CE CE(e C)

cECPS(eC)

CE CNE(e C)

CE CM(e C)

CE CNM(e C)

PARAMETERS

Explanation

activities

commodities

domestically produced commodities

exported commodities (with
domestic production)
Perfect substitutes for both export
and imports
non-exported commodities (with
domestic production)

imported commodities

non-imported commodities

Symbol

cECMX(eCM)

cECMNX(eCM)

cECT(eC)

fEF

i E I

i E ID(e I)

i E IDNG(e ID)

hEH(eIDNG)

Explanation

imported commodities with domestic
production
imported commodities without
domestic production
domestic trade inputs (distribution
commodities)

factors

institutions (households, enterprises,
government, and rest of world)
domestic institutions (households,
enterprises, and government
domestic non-government
institutions (households and
enterprises)

households

aac, shift parameter for domestic qdst,
commodity aggregation function

ada
efficiency parameter in the CES

qg,production function

aq, Armington function shift parameter qginv,

at, CET function shift parameter qinv,

cpi consumer price index shrt'ii'

cwtsc weight ofcommodity c in the CPI shryif

icaca
quantity ofc as intermediate input

taaper unit ofactivity a
quantity ofcommodity c' as trade

icd", input per unit ofc produced and sold tee
domestically

icec'c
quantity ofcommodity c' as trade tm,
input per exported unit ofc

icmc'c
quantity ofcommodity c' as trade tq,
input per imported unit ofc

pwe, export price (foreign currency) trw

pwm, import price (foreign currency)

Greek Letters

afa share of value-added to factor f in activity a Ych

f3'h
marginal share ofconsumption spending of (Ja,
household on commodity c

23

quantity of stock change

base-year quantity ofgovernment
demand
quantity of government investment
demand
base-year quantity ofprivate
investment demand
share ofdomestic inst. i in income of
domestic non-government inst. i'
share ofdomestic institution i in
income of factor f

tax rate for activity a

export tax rate

import tariff rate

rate of sales tax

transfer from institution i to
institution i'

subsistence consumption ofcommodity c for
householdh

yield ofoutput c per unit ofactivity a



8ia
CES production function share parameter for P: CES production function exponent
factor f in activity a

8a, share parameter for domestic commodity p;c domestic commodity aggregation function
a, aggregation function exponent

8 q Armington function share parameter p; Armington function exponent,
8' CET function share parameter p; CET function exponent,

EXOGENOUS VARIABLES

FSAV foreign savings (FCU) TY, or TYJ
direct tax rate for domestic institution i or
factor f

---
govermnent consumption adjustment factor WFDIST r• wage distortion factor for factor f in activity aGADJ

IADJ investment adjustment factor

ENDOGENOUS VARIABLES

EG govermnent expenditures QFJa quantity demanded of factor f from activity a

EHh consumption spending for household QGc
govermnent consumption demand for

iiIi commodity

EXR exchange rate (LCU per unit of FCU) QHch
quantity consumed ofcommodity c by
household h.. GOVSHR govermnent consumption share in nominal QINTca
quantity ofcommodity c as intermediate input

absorption to activity a

GSA V government savings QINv" quantity of investment demand for commodity

liII INVSHR investment share in nominal absorption QM, quantity of imports ofcommodity

MPS, marginal propensity to save for domestic non- QMC, quantity ofcommercial imports ofc
govermnent institution

PAa activity price (unit gross revenue) QMG, quantity ofgovermnent imports ofc

PDDc
demand price for commodity produced and QQc quantity ofgoods supplied to domestic market
sold domestically (composite supply)

PDSc
supply price for commodity produced and

Q~
quantity ofcommodity demanded as trade

sold domestically input

PEG export price (domestic currency) QXc
aggregated quantity ofdomestic output of
commodity

PMc import price (domestic currency) QXi.lCac
quantity ofoutput ofcommodity c from
activity a

PQc composite commodity price TABS total nominal absorption

PVAa
value-added price (factor income per unit of TRii ,

transfers from domestic non-govermnent
activity) institution l' to domestic institution i

PX, aggregate producer price for commodity WFJ economy-wide factor wage

PXi.lCac producer price of commodity c for activity a YF;J
transfer of income to domestic institution i
from factor f

QAa quantity (level) of activity YG govermnentrevenue

QD, quantity sold domestically ofdomestic output IT, income of domestic non-govermnent
institution

QEc quantity of exports
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.,

EQUATIONS'

It I-E-q-U-a-tj-on--------------------------TI-D-o-m-a-in---'-D-e-S-Cr-jp-t-io-n---'

Price Block

PMc = pwmc ·( I+tmc ) . EXR + L PQc' ·icmc'c
e'eCT

I CECM Import Price
[ import] _ [ imparl] [ larW ] [eXCMnge rale] [ C~SI oflra~]

price - price . adjust -' (LeUper + mputs per
(LCU) (FCU) menl FCU) imparl unil

PEc = pwec ·( I-tec ). EXR - L PQc' ·icec'c
e'eCT • \

2 CECE Export Price
[ e~orl ] [ e~ort] [ I~ ] [=hange rale] [cost ofIrade]

price = pnce . adjust -' (LeU per - mputs per
(LCU) (FeU) menl FCU) ~orlunil

PMc <: PDDc Price inequality

3 [ domeslic imparl] [ demand price of] CECPS condition for
imported perfect

(parity) price = domestic supply substitutesofc ofC

PDSc <: PEc Price inequality

4 [ ] [domestic ~orl ] CECPS condition for
domestic supply _ ( .) . exported perfect

. if C - panty pnce substitutesprice 0 olC

PDD = PDSc + L PQc'· icdc'cc
e'eCT

Demand price of
5 [ ][ J[_if~] CECX domestic non-

domestic domestic . traded goodsdemand = supply + mpu~sper
umtal

price price
domestic sales

PQc·QQc = (PDDc·QDc+PMc·QMJ.( l+tqc)

6 ([domesldmand price] [import price ]J [ ] CEC Absorption
[absorption] = times + times . sales tax

domestic sales quantity import quantity adjustment

PXc .QXc = PDSc·QDc + PEc .QEc

7 [producer price] [domestiC supply price] [exporl price ] CECX Domestic Output

times domestic = times + times Value

output quantify domestic sales quantity export quantity
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PAa = I PXACae ·eae
ceCX

8 aeA Activity Price

[ activity] = [producer prices]
pnce times yields

PVAa=PAa·(l-taa) - IpQe ·icaea
eeG

9 aeA Value-added[ . ] [~._] Price
[value-]

actfVlty

odded = . tnputcost
pnce -

price net oftax per activity
unit

Production and commodity block

I .

(I P'tQAa= ada' oja .QFla- , Activity
10 leP aeA Production

function
[activity] =CES [factor]

level mputs

1

( ) p'-1WI ·WFDISTla =PVAa.ada . Ioja .QFiaP: ' ·oja .QFj/:
leP aeA

11
feF

Factor Demand

[ =rgi~1 cost] [ margi~1 revenue ]
of factor f = product of factor
in activity a f in activity a

QINT"a =icaea'QAa
aeA Intermediate

12
ceC Demand[intermediate] = f [ activity]

demand level

QXACae =eae 'QAa
aeA

13 [ activi(Y-specific] [. . ] ceCX
Output Function. f actlvzty

productIOn of = l
d. evelcommo ltyC

1

( ~ ) p~-lQXc=aaca· IO:~'QXACac-P'
OutputaeA

14 ceCX Aggregation

[ aggregate ] [activity-speCifiC]
Function

productiO~ of = CES producti~n of
commodIty c commocbty c
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•( J~-'
p, ~

ac _pac ac -Pc -1PXACae =PXe' aace· ~)ae .QXACae' .0ae .QXACae First-Order
aeA

aEA Condition for
15

CEC
Output

[ ] [-~-] Aggregation
marginal cr:st oj _ product of Function

commodity c - commodity c
from activity a from activity a

J

QQe= aqe (0; ·QM/l +(1-0; )'QD;Pl)" pl Composite Supply
16 CECMX (Armington)

[ composite] = f [import quantity" domesiicJ Function

supply use oj domestic output

J

QMc _ (PDDc 0; tpl--- ---.---
QDc PMc 1-0;

cECMX Import-Domestic
17 Demand Ratio

[ import-] [ domestic - ]
domestic ::::: f import

demand ratio price ratio

QQe - QDe + QMe Composite

CECPS commodity
18 [ composite] [ dOmeStic] [ ] aggregation forImports

commodity ::::: supply + of C perfect substitutesC ofc

QQe QDc Composite Supply
19 cECNM for Non-Imported

[composite] =[domeStiC use of] Commodities
supply domestic output

QQe-QMc
cECMNX Composite Supply

20 for Non-Produced
[composite] [ , 1 Imports= Imports

supply

•(. 'rQXe= ate' 0; 'QE~' +(l-O;)'QD~' p, Output
21 cECE Transformation

[ domeStic] = CET [ export quantity, domestic] (CET) Function
output use of domestic output

I

QEe=( PEe .1-~;t-l
QDe PDSc Oe

cECE Export-Domestic
22 Supply Ratio

[ e~ort-] [~port-]
domestic = f domestic

supply ratio price ratio
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QXc = QDc + QEc
Domestic sales and

23
[ ] [domestic] [ ]

ceCPS export supply for
output = supply + exports perfect substitutes
ofc ofc ofC

QXc=QDc Output

24 ceCNE Transformation for
[domestic] = [ domestic sales of] Non-Exported

output domestic output Commodities

QMc = QMCc + QMGc

25 [total ] _ [ co~mercial] [ government] ceCM Total import
quantity

Imports - Imports + Imports

ofC ofC ofC

QTc= I (icmcc"QMc' +icecc"QEc' +icdcc"QDc')
e'eC'

26
[~] [ -if- ] ceCT Demand for Trade

fi de - inputs demandedfor Inputs
or fra -
inputs imports, e::orts, and

domestic sales

Institution block

YF,f =Shryif .(l-TYf)· IWFf ·WFDISTfa ·QFfa
aeA ieID

27
[ i~ome Of] [ share ofincome] [ ] feF

Factor Income
Income 0 actor

institution i = o(fa~to~f t~· (net ~~) f
from factorf institutIOn I

YI, =I YF,f + I TR", +tr,gav +EXR·tr'mw
feF i'eIDNG'

ieIDNG28
[ income of] = [factor ] +[;:ns~~~:r] + [ government] +[ transfers ]

Institution Income

institutIOn I Income institutions transfers from RoW

TRii , = shrtr", ·(1- MPSi,)-(1-TYI')-(Yli ' - EXR .trrawl')
ieID

29 i'eIDNC
Intra-Institutional

[ ] [ share of i~ome] [ i~ome ofinstitution i' ] Transfers
. tr~nsf~r.tr,0m. = ofinstitution i' • net ofsavings, direct taxes,
instItutIOn ,'to I

transjered to j and transfers to RoW

EHh=(1- I shrtr,h }(1-MPSh).(1-TYh).(Ylh- EXR .trmwh)
ieID Household

30 [ -,- 1 heH Consumption

[ household disposable ] =net ofsavings, direct t=s, Expenditures

income (for consumption) and transfers to RoW
and other institutions
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•

fieh -(EHh- I PQe -rehJ
eeG

QHeh=reh+ CEC Household
31 PQe

hEH
Consumption

[ quantityOf] [household ]
Demand

householdde"!and = f .djsposabl~
for commodity C Income, pnce

QIN~ = qinve-IADJ
Private

32 [private investment] [base-year private] CEC Investment
demand for = investment times Demand
commodity c adjustment factor

QGe=qge-GADJ

[-] ["_.~]
Government

33 CEC Consumptionconsumption = consumptIOn
Demauddemand for times

commodity c acijustment factor

YG = IYFgo,j +ITY, -YI, + I TRgo" -TI, + EXR-trgOHow

jeF iel ieJDNG

+ITYj -IWFj -WFDISTja -QFja
jeF aeA

+Itqe(PDDe-QDe+PMeQM.)+ Itaa-PAa-QAa
eeG aeA

34 +Itme-EXR-pwm,QMe+I tee .EXR-pwe,QEe
Government
Revenue

eeG eeG

[ ] [fi ] [direct/ares] [uansferSfrom] [uanifers]government = actor + from + domestic + from

revenue income institutions institutions RoW

+[ direct/ares ]+[sales] +[activity]+[import] +[ export]
fromfactors tax lax tariffs taxes

EG = IpQe -QGe+ I trigov + EXR .trrow gov

eeG ie/DNG

35
Government

[ ] [ ] [uansfersto] [ ] Expenditures
governn:ent = governm~nt + domestic + transfers

spendmg consumptIOn to RoW
institutions

GSAV=YG-EG
36

Government
[government] =[government] - [ government ] Savings

savmgs revenue expenditures
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System Constraint Block

LQFfa =QFSf
aeA

feF37 Factor Market
[ demand for] =[SUPPlY of]

factor f factor f

QQe =L QINT;a + L QHeh +QGe+QTe
aeA heH

+QIN~ +qginve+qdste Composite
38 [composite] =[intermediate] +[ houselwld ] +[ governm~nt ] +[. trade ] cee Commodity

supply use consumptIOn consumption mput use Markets

+[ prtvate ] +[government] +[ stock ]
investment investment change

Lpwme-QMc+ L tr'Owi =LPwec-QEc+ Ltri'OW +FSAV Current Account
CeC ieID ceC ielD Balance for RoW

39 (in Foreign
[ impo~t ] + [transfers ] = [export ] +[ transfers ] +[foreign]

spending to RoW revenue from RoW savmgs Currency)

LPQe -QIN~+ L PQe -qdstc+ L PQe -qginvc
eeC eeC eeC

= L MPSi -(l-TYi )-(ITi - EXR-trrowi )+GSAV+EXR- FSAV
Savings-

40 Investment
ieIDNG Balance

[. private ] +[ stock ] + [government] =[non-govern- ] + [government] +[foreign]
Investment change investment ment savmgs savmgs savings

L PQe -cwtsc =cpi
eeC Price41 Normalization[pric~ times] =[ePI]

weights

TABS = L LPQc-QHch + LPQe-QGc+ LPQc-QINVe
heH ceC eeC eeC

42
+L PQe -qdste+L PQe -qginvc

Total AbsorptioneeG eeG

[ total ] =[ household ] +[ government] +[ private ] +[ stock ] +[government
absorption consumption consumption investment change investment

INVSHR -TABS =L PQc -QINVe+ L PQc -qginve+L PQe -qdste
ceG eeG eeG Ratio of

43
[inveShnent_] [ ] [ ] [ ] [ ]

Investment to
b' total private + government + stock Absorptiona sorption . :::::

. absorption investment investment change
rallo
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44

GOVSHR·TABS =IpQc ·QGc
ceC

[

government ]
consumption~ total government
absorption . [absorption] = [ consnmptionJ

ratlO

Ratio of
Government
Consumption to
Absorption

Note: 'The mathematical statement is simplified in that it does not include domain controls for variables.
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Table A.2: Structure of the Baugladesh ecouomy by activity (as % of total)

GDP f.c. Productiou Labor Ca ital Laud

man 3.9 3.5 5.2 13.0
oro 4.5 4.4 5.4 17.0

Grains 0.3 0.4 0.5 0.9
ute 0.5 0.4 0.7 I.I

ComCrop 0.8 0.8 0.5 4.6
OthCrop 3.6 3.5 1.9 21.3
Livesto 2.7 2.8 4.3 6.7
Poultry 0.6 0.7 0.8 1.9
OthFish 2.8 3.1 0.4 20.7
Forest 2.3 2.8 1.5 12.8
RiceMiI 2.0 9.2 0.6 4.0

taPlou 0.3 0.7 0.0 0.7
OthFood 1.7 3.4 0.6 3.4
Leather 0.2 0.6 0.1 0.4
JuteTex 0.3 0.8 0.5 0.2
Yarn 0.4 0.7 0.7 0.3
MilClot 0.2 0.4 0.2 0.3
Cloth 1.4 2.3 2.8 0.5
Gannent 1.5 2.8 2.9 0.5
OthText 0.1 0.1 0.2 0.0
TobP 0.5 0.5 0.2 l.l
WoodP 0.6 I.I 1.2 0.3
Chem 0.7 1.2 0.8 0.8
Ferti 0.1 0.5 0.1 0.2
PetroP 0.6 0.7 0.0 1.3
ClayP 0.3 0.4 0.4 0.3
Steel 0.6 1.2 0.6 0.8

achin 0.3 0.4 0.3 0.3
isclnd 0.7 0.7 0.4 l.l

UrbBuil 1.7 2.0 1.8 2.0
RurBuil 7.5 6.3 0.6 16.6
Const 0.7 l.l 1.4 0.3
Utility 2.4 1.7 I.I 4.3
TradeS 16.2 10.9 28.5 8.6
TransS 13.8 10.2 11.0 20.7

ous 7.0 4.8 16.2
Health 0.8 0.8 0.7 1.2

Edu 1.8 1.3 3.6 0.6
PubAdm 2.5 1.9 4.7 I.I
FinS 5.5 4.8 2.6 10.1
OthS 3.9 2.2 8.4 0.7

III Hotel 0.6 0.9 0.9 0.4
Comm 0.7 0.4 0.8 0.8

ot Agriculture 22.2 22.5 21.3 100.0 100.0
ot Non-Agriculture 77.8 77.5 78.7

otal 100.0 100.0 100.0 100.0 100.0
Source: Authors' calculations from Fontana aud Wobst (2001)
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Table A.3: Structure of the Bangladesh economy by commodity

Source: Authors calculatIOns from Fontana and Wobst (2001)

Compositiou (% of total)

Exports Imports Absorption
Exports Imports CET CES

'% of outout) (% ofabsorotion) elasticitv elasticitv
(:Paddy 7.2
!eOrains 2.6 0.5 33.3 2.0 0.8
!eJute 0.4
!eComCrop 0.0 4.3 1.0 0.0 26.5 2.0 0.8
[cOthCrop 0.3 1.1 3.3 0.4 2.3 2.0 0.8
[cLivesto 0.1 0.9 2.6 0.1 2.0 2.0 0.8
[cPoultry 0.0 0.7 0.1 0.8
[c0thFish 7.7 2.9 10.0 2.0
[cForest 2.6
!eRiceMil 8.4 2.0 0.8
!eAtaFlou 0.0 0.7 0.2 0.8
!eOthFood 4.9 2.3 3.5 5.7 6.9 2.0 0.8
!eLeather 11.0 0.1 0.6 69.4 2.5 2.0 0.8
!eJuteTex 11.1 0.1 0.8 53.0 2.3 2.0 0.8
!eYarn 0.1 5.5 1.1 0.7 34.2 2.0 0.8
!eMilClot 0.0 15.1 1.4 0.2 71.1 2.0 0.8
[cCloth 2.1
[cOarment 60.8 0.5 2.6 87.5 8.1 2.0 0.8
[cOthText 1.0 1.6 0.2 37.7 61.2 2.0 0.8
rTobP 0.0 0.1 0.8 0.0 0.4 2.0 0.8
[cWoodP 0.0 2.1 1.2 0.0 13.7 2.0 0.8
!cChem 0.2 10.3 2.0 0.7 37.3 2.0 0.8
!cFerti 0.7 1.2 0.5 6.2 14.7 2.0 0.8
CPetroP 0.3 9.7 1.5 1.9 48.1 2.0 0.8
CClayP 0.2 5.3 0.8 2.1 44.0 2.0 0.8
CSteel 0.1 1l.5 2.0 0.2 39.5 2.0 0.8
CMachin 0.4 21.1 2.0 4.4 74.0 2.0 0.8
CMisclnd 0.9 4.7 1.1 5.1 36.0 2.0 0.8
CUrbBuil 1.8
CRurBuil 5.7
CConst 1.0
CUtility 1.7
CTradeS 10.0
CTrausS 9.4
CHous 4.4
CHealth 0.7
CEdu 1.2
CPubAdm 1.7
CFinS 4.4
COthS 2.0
CHotel 0.9
rComm 0.4

otal 100.0 100.0 100.0,

..
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Table A.4: Structure of production by activity

%oftotal VA Input Supply

Labor Capital Land
(% of gross output) elasticity

IAAman 57.4 42.6 42.3 0.1
Vo-Soro 51.8 48.2 47.7 0.4
IAGrains 63.7 36.3 56.2 0.2
IAJute 69.0 31.0 46.2 0.2
IAComCrap 27.4 72.6 47.6 0.8
IAOthCrop 23.5 76.5 48.2 1.5
IALivesto 68.5 31.5 50.4 0.2
IAPoultry 59.9 40.1 56.3 0.3
IAOthFish 6.3 93.7 53.5 4.0
IAForest 28.0 72.0 58.5 0.8
IARiceMii 12.5 87.5 89.1 1.2
IAAtaFlou 6.9 93.1 78.9 2.0
IAOthFood 14.4 85.6 74.3 0.9
IALeather 18.8 81.2 84.8 1.2
IAJuteTex 66.6 33.4 81.3 0.4
IAVarn 71.8 28.2 70.9 0.1
IAMilClot 45.1 54.9 69.4 0.2
IACloth 84.1 15.9 68.5 0.1
IAGarment 84.9 15.1 73.1 0.5
Vo-0thText 93.1 6.9 64.2 0.1
ATobP 14.2 85.8 48.2 2.0
II\WoodP 80.3 19.7 69.5 0.1
II\Chem 49.5 50.5 70.2 0.2
!4Ferti 41.8 58.2 87.6 0.2
APetraP 0.2 99.8 56.5 0.2
!AClayP 54.3 45.7 63.0 0.2
14Steel 41.9 58.1 73.6 0.3
AMachin 43.3 56.7 66.6 0.2
AMisclnd 28.9 71.1 52.6 0.6
It\UrbSuil 47.2 52.8 57.7 0.4
ARurSuil 3.7 96.3 39.1 6.0
AConst 84.0 16.0 68.0 0.1
II\Utility 20.5 79.5 28.4 2.0
It\TradeS 76.8 23.2 24.5 0.2
ATransS 34.8 65.2 31.3 1.2
AHous 100.0 25.0 0.2
AHealth 38.6 61.4 48.4 0.6
AEdu 86.2 13.8 29.7 0.1
APubAdm 80.7 19.3 31.5 0.2
AFinS 20.4 79.6 42.0 2.0
AOthS 92.7 7.3 9.8 0.1
AHotel 71.5 28.5 69.6 0.1
AComm 48.3 51.7 17.8 0.8
Ag average 41.8 58.2
Non-ag average 44.1 55.9
Total averaQe 43.6 43.5 12.9

Source: Authors' calculations from Fontana and Wobst (2001)
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Appendix A.S: Labor value-added structure by activity

Source: Authors'calculations from Fontana and Wobst (2001)

~1I11lll:: U.l lI::iU';U U'UUI- l.Y VI: III LUIlI! Uluur "l'.
No-ed Low-ed Med-ed High-ed No-ed Low-ed Med-ed High-ed Gender Labor share
male male male male female female female female intensity (f1ml in tot VA

Aman 42.0 23.3 14.7 65 7.2 4.0 1.9 0.4 15.6 57.4
Bnro 42.1 23:3 14.7 65 7.1 3.9 1.8 0.4 15.3 51.8
Wheat&oth.graios 45.3 25.2 15.8 7.1 3.4 2.1 1.0 0.2 7.1 63.7
nte 45.5 25.3 15.9 7.1 3.2 1.9 0.9 0.2 6.7 69.0

("amm.crops 46.6 25.9 16.3 7.3 2.0 1.2 0.6 0.1 4.0 27.4
Other crops 32.2 17.9 11.3 5.0 17.9 10.1 4.7 1.0 50.7 23.5
Livestock 30.8 17.1 10.8 4.8 19.3 11.0 5.1 l.l 575 68.5
Ponltry 14.3 8.0 5.0 2.2 36.5 21.8 10.1 2.1 238.5 59.9
Other fish 9.8 12.9 30.2 28.3 12.7 2.7 2.1 1.2 23.1 6.3
.1orestry 47.8 30.9 13.7 7.1 0.1 0.3 0.0 0.0 0.4 28.0
Rice milling 19.6 16.4 20.6 15.8 18.6 6.8 1.2 1.0 38.2 12.5
Ata&l1onr 26.5 22.5 28.2 21.9 0.9 0.0 0.0 0.0 0.9 6.9
Other food 25.7 21.7 28.4 21.2 1.9 0.8 0.1 0.1 3.0 14.4
Leather 20.6 27.2 24.1 26.8 0.5 0.5 0.2 0.0 1.2 18.8
v~te textile 20.8 27.4 24.4 27.0 0.1 0.1 0.1 0.0 0.3 66.6

aro 19.7 26.0 23.1 25.6 2.0 2.2 l.l 0.4 5.9 71.8
Mill doth 20.7 27.2 24.1 26.8 0.4 0.4 0.2 0.1 1.2 45.1
Other cloth 19.7 25.8 22.9 25.4 1.8 2.7 1.3 0.4 6.6 84.1
RMgarments 3.6 7.2 4.2 7.1 24.8 28.8 14.3 10.0 352.6 84.9
Other textiles 13.8 18.1 16.1 17.9 12.0 13.2 65 2.5 51.9 93.1
Tobacco products 21.5 18.2 22.9 17.7 12.8 5.5 0.8 0.6 24.6 14.2
Wood&paper 22.3 21.8 21.9 19.1 7.9 4.5 2.1 0.3 17.5 80.3
rhemicals 3.6 23.4 18.2 43.9 2.1 0.5 0.4 7.8 12.1 49.5
l<'ertilizers 3.9 25.2 19.1 47.1 0.9 0.2 0.2 3.4 4.9 41.8
Petroleum 36.8 32.3 16.2 14.6 0.0 0.0 0.0 0.0 0.0 0.2
Clay&pnltery 4l.l 25.3 14.9 8.7 7.9 1.7 05 0.0 11.2 54.3

teel 6.7 33.9 32.9 26.0 0.3 0.2 0.0 0.0 0.5 41.9
Machinery 7.2 32.8 31.7 25.2 1.9 1.2 0.0 0.0 3.2 43.3
~iSC. industries 7.7 24.5 225 35.1 5.6 3.6 1.0 0.0 11.4 28.9

rban building 33.5 32.5 16.1 17.2 0.3 0.3 0.0 0.0 0.6 47.2
lRural bUilding 33.2 32.3 16.0 17.1 0.8 0.6 0.0 0.0 1.4 3.7
~~DstrUCtion 43.2 17.7 9.5 24.6 5.0 0.0 0.0 0.0 5.3 84.0

tilities 4.4 11.2 12.4 66.7 0.2 0.0 0.0 5.2 5.7 20.5
rrrade 21.5 26.2 26.0 23.9 1.7 0.3 0.3 0.1 2.4 76.8
~~an~port 47.8 25.3 13.1 12.8 0.4 0.3 0.0 0.3 0.9 34.8

ousmg 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
luealth 0.7 3.8 8.6 64.6 1.4 0.6 1.3 19.0 28.8 38.6
~ducatioD 0.7 3.9 8.8 64.7 0.6 0.6 1.3 19.3 28.0 86.2
pub. Administr. 2.4 6.4 15.2 67.3 0.5 0.1 1.3 6.7 9.5 80.7
Financial services l.l 4.4 7.4 81.6 0.0 0.2 0.6 4.8 6.0 20.4
~:her services 17.7 21.6 18.4 20.8 13.2 4.0 25 1.8 27.4 92.7

otels 23.3 32.7 19.2 20.4 3.3 0.3 0.4 0.3 4.5 71.5
!communications 16.4 13.8 16.3 48.3 0.0 1.0 0.0 4.1 5.4 48.3
frntal 24.8 21.4 17.9 24.1 5.2 2.9 1.5 2.1 13.4 43.6-----
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Appendix A.6: SAM honseholds and their sonrces of income
.a ............................ ,._......... "0,7 ''' ... I ..............

Share in !share in No-ed Low-ed Med-ed High-ed No-ed Low-ed Med-ed High-ed Capital!
workin" nODnlation total income male male male male female female female female Land

iLandless and marginal 17.7 5.6 55.6 22.3 7.3 1.3 10.1 2.6 0.5 0.2 0.0
!small farmers 19.8 11.2 18.1 15.4 9.5 5.2 4.0 2.4 0.9 0.6 43.8
Large farmers 1l.5 13.2 6.2 6.6 7.9 6.5 1.5 1.3 0.9 0.6 68.5
lNon-ag rnral female poor 1.0 0.8 5.9 4.5 2.1 1.7 13.4 2.3 0.8 1.9 67.4
INOD- ag rnral male poor 14.6 9.0 20.1 17.5 9.6 6.9 3.6 1.9 0.8 0.3 39.3
lNon- ag rnral rich 8.5 7.9 5.2 10.5 10.5 19.7 1.5 1.9 1.4 1.6 47.7

turban low edncated 15.2 11.1 26.8 31.7 7.5 4.1 4.2 2.6 0.7 0.5 22.0

lurban medium educated 4.9 13.3 0.1 0.9 21.7 3.5 0.3 0.4 0.8 0.3 72.0
!urban highly educated 6.9 27.9 0.1 0.2 0.7 21.9 0.3 0.2 0.3 1.8 74.6

Source: Fontana and Wobst (2001)
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