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Abstract

Computable Genera Equilibrium (CGE) modds are a class of economywide
models that are widdly used for policy analysisin developing countries. This paper
provides a detailed documentation of an gpplied CGE model of Mdawi — the first ever
for Maawi — developed in the context of the project “ Collaborative Research and
Capacity Strengthening for Multi- Sector Policy Andysisin Madawi and Southern
Africa” The purpose of this paper isto serve as a source of background information for
andydgs usng the model in the context of the current project and in the future. The mode
isbuilt around a 1998 Socia Accounting Matrix (SAM) for Mdawi, which was
developed in the context of the current project, is based on data from the 1998 Integrated
Household Survey of Mdawi.

The main parts of the paper are a brief, self-contained summary of the modd, and a
detailed mathematical modd statement, presented in a step-by-step fashion. The
Appendices present amathematical modd statement in summary form and the 1998
Malawi SAM.

The applied Maawi model can be used for andysesin ardatively wide range of
aress, including agriculturd, trade, and tax and subsidy policies. It is characterized by a
detailed trestment of the labor market and households, permitting model smulaionsto
generate information about the disaggregated impact of policies on household wefare.

As part of the project research activities, the modd is used to andyze the impact of
externd shocks and domestic policies amed at poverty dleviation Thisandyssis
presented in a separate document.
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A CGE Mode of Malawi: Technical Documentation

Hans L 6fgren’

1.0 Introduction?

CGE models are a class of economywide models that are widely used for policy analysisin
developing countries. This paper provides a detailed documentation of an applied Computable
Genera Equilibrium (CGE) model of Malawi —the first ever for Malawi — developed in the
context of the project “ Collaborative Research and Capacity Strengthening for Multi-Sector
Policy Analysisin Malawi and Southern Africa.”® The purpose of this paper isto serve as a
source of background information for analysts using the model in the context of the current
project and in the future.*

The applied Malawi model can be used for analyses in arelatively wide range of areas, including
agricultural, trade, and tax and subsidy policies. It is characterized by a detailed treatment of the
labor market and households, permitting model simulations to generate information about the
disaggregated impact of policies on household welfare.

As part of the project research activities, the model will be used to analyze agricultural, trade,
and fiscal policy issues. This analysis will be presented in separate documents. The model is
built around a 1998 Social Accounting Matrix (SAM) for Malawi, developed in the context of
the current project and described in detail in Chulu and Wobst (2000), Project Paper No.2. The
SAM is based on data from the 1998 Integrated Household Survey of Malawi (the results of
which were recently released; see NSO 2000), complementary trade and macro statistics, and a
SAM of Malawi for 1994 (Chulu et al. 1999).°

This paper is organized as follows: Section 2 provides a brief, self-contained summary of the
model. Section 3 presents, in a step-by-step fashion, the mathematical model statement. The
Appendix presents a mathematical model statement in summary.

! Trade and Macroeconomics Division, IFPRI

2 The author would like to thank Moataz El-Said for research assistance and Osten Chulu, Ahmed Kamaly, Franklin
Simtowe, Hardwick Tchale, and Peter Wobst for comments on an earlier draft.

% The primary objective of the project “Collaborative Research and Capacity Strengthening for Multi-Sector Policy
Analysisin Maawi and Southern Africa’ isto support policymaking in Malawi via collaborative research and
training that generate policy-relevant findings and strengthen Malawi's long-run capacity to conduct policy-oriented
research. The research component of the project is carried out by researchers from IFPRI and three Malawian
institutions: The Agricultural Policy Research Unit of Bunda College of Agriculture, the Reserve Bank of Malawi,
and the National Economic Council. Financial support from BMZ, Germany, is gratefully acknowledged.

* For alist of general references to CGE modeling, see Lofgren (2000, p. 2).

® The model isimplemented in a parallel set of files written for the GAMS software; the files include the SAM, the
model, ssimulations, and reports. (The GAMS files are available on request from the author.)
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20 Modd Summary
2.1 Introduction

CGE models may be defined as economy-wide models the solutions to which depict a
simultaneous general equilibrium in al markets of the economy. They provide a comprehensive
account of the circular flow of payments in the economy. CGE models are widely applied to
policy analysisin developing countries. Their comparative advantage lies in the analysis of
policies when there is a need to consider links between different producing sectors, links
between macro and micro levels, and the disaggregated impact of changes in policies and
exogenous shocks on sectoral structure, household welfare, and income distribution.

Like most other CGE models, the Malawi CGE model is solved in a comparative static mode. It
provides a simulation laboratory for doing controlled experiments, changing policies and other
exogenous conditions, and measuring the impact of these changes. Each solution provides afull
set of economic indicators, including household incomes; prices, supplies, and demands for
factors and commodities (including foreign trade for the latter); and macroeconomic data.

The model is structured in the tradition of trade-focused CGE models of developing countries
described in Dervis, de Melo, and Robinson (1982). It is afurther development of the stylized
CGE model found in Lofgren (2000, pp. 23-32). To make it appropriate for applied policy
analysis, more advanced features have been added, drawing on recent research at IFPRI (see
Harris et al. 2000). Most importantly, the model has an explicit treatment of trade inputs, which
are demanded whenever acommodity is distributed domestically as part of international trade (to
or from the border) or as part of domestic trade (from domestic supplier to domestic demander).
Thisfeature is particularly important in many African settings where an underdevel oped
transport network leads to high transportation costs (cf. Ahmed and Rustagi 1993). In addition,
the model can handle non-produced imports, i.e., commodities for which the total supply stems
from imports. Compared to the stylized CGE model, the current model also has more advanced
functional forms for production and consumption to enable it to better capture observed real-
world behavior.

The model isbuilt around a 1998 SAM for Malawi (see Project Paper No.2). Most of the model
parameters are set endogenously in a manner that assures that the base solution to the model
exactly reproduces the valuesin the SAM —the model is“calibrated” to the SAM. (The
remaining parameters, a set of elasticities, are set exogenously.) However, as opposed to the
SAM, which is adata framework that records payments, the model contains the behavioral and
technical relationships that underlie these payments (Thorbecke 1985, p. 207).

Therest of this section will present the model disaggregation and discuss how the model treats
production, domestic institutions (households, enterprises, and the government), the rest of the
world and foreign trade, and 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).
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2.2 Modd Disaggregation

Table 1 shows the disaggregation of institutions, factors, and activities in the model. The model
disaggregation follows the disaggregation of the SAM which, in its turn, was determined by data
availability and the planned focus of the analysis on disaggregated household welfare. The
disaggregation is relatively detailed for the labor market and households. The fact that land,
agricultural capital, and agricultural crop activities are disaggregated along the small-large
farmer dimension permits the analysis of policiesthat are specifically targeted to small farmers.

Table 1. Disaggregation of factors, institutions, and activities

Set Elements

Labor (8) « Agricultural (four categories according to educational level: no,
low, medium, and high)
Non-agricultural (four categories according to educational level:
no, low, medium, and high)

Other factors (5) « Land (small farmers and large farmers)
Agricultural capital (small farmers and large farmers)
Non-agricultural capital

Households (14) « Rural agricultural (fiveland holding sizes: < 0.5 ha, 0.5-1 ha, 1-2
ha, 2-5 ha, and > 5 ha)
Rural non-agricultural (four categories according to educational
level of household head: no, low, medium, and high)
Urban agricultural
Urban non-agricultural (four categories according to educational
level of household head: no, low, medium, and high)

Other institutions (5) « Enterprises (agricultural small-farmer, agricultural large-farmer,
non-agricultural)
Government
Rest of the world

Agricultural activities (11) «  Small-farmer crops (Maize, Tea, Tobacco, Other)
« Large-farmer crops (Tea, Sugar, Tobacco, Other)
Non-crop (Fishing, Livestock, Forestry)

Non-agricultural activities (22) « Industry (Mining and quarrying, Meat, Dairy, Grain milling,
Bakery and confectioneries, Processed sugar, Beverages, Textile
and leather, Wood, Paper printing and packaging, Chemicals (incl.
fertilizers), Soap, Other manufacturing)

Services (Electricity and water, Construction, Distribution, Hotels,
Telecommunications, Financial institutions and insurance,
Business services, Public services (incl. government), Personal
services)

Production Activities

In the model, the activities carry out production. They receive their revenue from selling the
commodities that 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
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assumes that the activities maximize profits subject to production functions with neoclassical
substitutability for factors and fixed coefficients for intermediate inputs.®

Each activity in the model produces a single commodity.” In most cases, the activity is the sole
producer of its commodity. The only exception is three crop commodities (tea, tobacco, and
other crops), each of which is produced by two activities (associated with small and large
farmers).

Domestic | nstitutions

The factor incomes generated in the production process are paid in fixed shares to the enterprises
(for capital and land) and the households (for Iabor). The enterprises, which are viewed as the
owners of the stocks of capital and land, use part of their incomes to pay direct taxes, save, and
pay the rest of the world (reflecting that foreigners own part of the capital and the land);
remaining enterprise incomes are split in fixed shares among the households. The households
receive the bulk of their incomes from the factors (labor, land, and capital) they control (either
directly or indirectly, viathe enterprises). They use these incomes to pay taxes, save and
consume (according to demand functions derived from utility maximization).®

As part of its current operations, the government receives transfers from the rest of the world,
direct taxes (from households, enterprises, and factors) and indirect taxes (import tariffs, export
taxes, and sales taxes). The taxes are all imposed according to fixed ad valoremrates (i.e., rates
expressed as shares of the relevant values — incomes and the value of each commodity that is
traded internationally or sold in the domestic market). The government uses this revenue to buy a
fixed consumption bundle (including the services of the government bureaucrats), transfer

money to households, and save. The nominal value of the transfersisindexed to the CPI. For the
basic model version, government savings are treated as athe residual difference between
government current revenue and expenditures.®*°

The Rest of the World and Foreign Trade

As noted, the rest of the world transfers money to the government and receives transfers from
enterprises; these transfers 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 Malawi is able to export or import any desired quantity at international
pricesthat are fixed in foreign currency (the so-called small-country assumption).

® The stylized model of Chapter 5 in Lofgren (2000) used Cobb-Douglas functions which assume a substitution
elasticity of unity. Thisistypically too restrictive. In the current model, substitutability between factorsis modeled
with CES (Constant Elasticity of Substitution) functions which permit the specification of activity-specific
substitution elasticities over awider range of values.

" The model can also handle the case where activities produce more than one commodity but this phenomenon is not
represented in the Malawi SAM on which this model is based.

8 For household consumption, the demand functions are of the LES (Linear Expenditure System) type (as opposed to
Cobb-Douglasin the stylized model of Chapter 5 in Léfgren [2000]).

® Alternatively, the modeler may specify a fixed government savings target and some other mechanism (adjustments
in government consumption or in selected tax rates) through which the government attains this target

1911 addition, the model assumes that the government, as part of its investment operations, buys fixed quantities of a
bundle of commodities for investment purposes. The over-all budget deficit (covering both government current and
capital operations) may be computed as the difference between government investment and government savings.
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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 specificaly,

if acommodity isimported, al domestic demands — household and government consumption,
investment demand, and intermediate demand — are for the same composite commaodity. 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. 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 of domestic 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 changesin
these relative prices (and the degree of independence of the domestic prices system from
international prices) depends on the values of a set of eladticities specified by the modeler.

2.3 System Constraints: Markets and Macro Balances

Thereal 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 the mechanisms used by the modeled economy to satisfy real and nomina system-wide
constraints that are not considered by the individual agents. The real constraints represent the
domestic commodity and factor markets; the nominal constraints are represented by two macro
balances: the current account balance of the rest of the world and the savings-investment
balance. The mechanisms through which these constraints are met are often referred to as
“closure rules’ of the model.

The supply in each composite commodity market is a composite made up of imports and
domestic output sold domestically. The demand consists of final demands (for consumption and
investment), intermediate demands (from the production activities), and demands for trade
inputs. Variations in the price of domestic output supplied to the domestic market assures
equilibrium in the domestic output market while, as already noted, variations in import quantities
assure equilibrium in the market for imported commaodities.

For factor markets, the basic model version assumes that the quantities supplied are fixed (fixing
the total level of use of each factor) while the prices of the factors (their wages or rents)
equilibrate the quantities demanded with these supply quantities.™

! The model permits the user to impose alternative specifications with unemployment of selected factors (at fixed
wages) and different degrees of mobility of a given factor between different activities (e.g. fixing the quantity of
land or the land area for tree crop activities).
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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)
isthe equilibrating variable. Given that all non-trade items (transfers to or from domestic
ingtitutions) are fixed, fixing foreign savingsis equivalent to fixing the trade deficit. For the
savings-investment balance, the basic model version 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 hasto adjust to assure that it equals the investment value. The basic
approach isto let the marginal propensity to save vary for one of the domestic non-government
institutions.

The model is used for comparative static analysis— it does not contain any dynamic aspects. Its
time frame may be termed “equilibrium short-run”.*? It is an equilibrium model since, when used
for analysis, it assumes full adjustment from one equilibrium to another. At the sametime, itisa
short-run model since the capital stock isfixed.

3.0 Mathematical Modd Statement

In its mathematical form, the model is a system of simultaneous, non-linear equations. The
model is square — the number of equationsis equal to the number of variables. Thisisa
necessary (but not a sufficient) condition for the existence of a unique solution.

In this section, the mathematical model statement is presented, equation by equation. The
eguations are divided into four blocks: prices; production and commodities; institutions; and
system constraints. New items (sets, parameters, and variables) are defined the first time they
appear in the equations. The notational principles are summarized in Table 2. In addition,
parameter and variable names have been chosen to facilitate interpretation; most importantly,
commodity and factor quantities start with g, commodity prices with p, and factor prices with w.

Table 2: Notational principles

[tem Notation
Endogenous variables upper-case Latin letters without a bar
Exogenous variables upper-case Latin letters with a bar
lower-case Latin letters (with or without a bar) or lower-case Greek |etters
Parameters : : .
(with or without superscripts)
Set indices Lower-case Latin letters as subscripts to variables and parameters

Note: Exogenous variables are fixed in the basic model version but may be endogenous in other model
versions.

12 Thisterm is used by Hazell and Norton (1986, p. 300) for agricultural sector models based on similar
assumptions.
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3.1 PriceBlock

The price system of the model isrich, primarily as aresult of the assumed quality differences
between commodities of different origins and destinations (exports, imports, and domestic
outputs used domestically). The price block consists of equations in which endogenous model
prices are linked to other prices and non-price model variables.

I mport price

PM, = pwm { 1+tm, ) OEXR + PQ, tm.,

c'LCT
Cmport[] import ][] tariff ][] exchange rbte [] cost of tfatle cUCM (@)
Oprice 1= pricd ] M adiusF ] (Lcupef] [F inputsper
Hreud Qreug@ meng g Fcu)d O  import (@t
where
cdC set of commodities (also referredtoasc and C')
cOCM[ C) set of imported commodities
cOCT0 C) setof domestic trade inputs (distribution commodities)
PM, domestic import pricein LCU (local-currency units; Malawian Kwachas)
pwm, world import price in FCU (foreign-currency units)
tm, import tariff rate
EXR exchangerate (LCU per FCU)
PQ. composite commoadity price (including sales tax)
icm.., guantity of commodity ¢’ as trade input per imported unit of ¢

The import price in LCU isthe price paid by domestic users for imported commodities
(exclusive of the salestax). Equation (1) statesthat it is atransformation of the world price of
these imports, considering the exchange rate and import tariffs plus the cost of the trade inputs
(the inputs needed to move the commoadity from the border to the demander) per unit of the
import. The composite price, PQ, isthe price paid per unit of trade inputs (and, more generally,
by all domestic commodity demanders). The domain of the equation is the set of imported
commodities (CM, a subset of the commodity set, C) — the model includes one equation like (1)
for every imported commodity.

Note that the notational principles make it possible to distinguish between variables (upper-case
Latin letters) and parameters (lower-case Latin letters). This means that the exchange rate and
the domestic import price are flexible, while the tariff rate and the world import price are fixed.
The fixedness of the world price stems from the "small-country” assumption — for all its imports,
Malawi's share of world trade is so small that it faces an infinitely elastic supply curve at the
prevailing world price.
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Export price
PE, = pwe [{ 1-te, ) OEXR - ;TPQC. lite, .

Cexport[] Oexport][]  tax[J[ exchange rbte [1  cost of tfable cUCE (2

Oprice 0= pricd] [ adjustE 1] (LcU pd] [ inputs per
Hrcu)d Qreugg mentgd FCU)d @  export dmit

where

cOCE[Q C) setof exported commodities (with domestic production)

PE, domestic export price (LCU)

pwe, world export price (FCU)

te, export tax rate

ice,. quantity of commodity ¢’ as trade input per exported unit of ¢

The domestic export pricein LCU isthe price received by domestic producers when they sell
their output in export markets. This equation is similar in structure to the import price definition.
The main difference is that the tax and the cost of trade inputs reduce the price received by the
domestic producers of exports (instead of adding to the price paid by domestic demanders of
imports). The domain of the equation is the set of exported commodities, all of which are
produced domestically. (The model does not include any commodities that are imported for
immediate reexportation.)

Demand price of domestic non-traded goods

PDD, = PDS, + PQ, licd,.,

clCT
omestic ] [domestiE] chst of trade [] cCX (3
[Hemand []=[] supply[] + S INpuLS per D
. i unitof [

Hprice § @ price§ Fomestic salesc]
where
cOCX[ C) setof domestically produced commodities
PDD, demand price for commodity produced and sold domestically
PDS, supply price for commodity produced and sold domestically
icd,. guantity of commodity ¢’ as trade input per unit of ¢ produced and sold

domestically

The model also includes distinct prices for domestic output that is used domestically. In the
presence of distribution costs (the cost of moving the commodities from the producers to the
domestic demanders), it is necessary to distinguish between the prices paid by the demanders and
received by the suppliers. Equation (3) defines the demand prices as the supply price plus the
cost of trade inputs per unit of domestic sales of the commaodity in question.
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Absorption

PQ.[@Q. = (PDD, [@D, +PM_ [OM, ) 1+tq, )

[T domestic demand [ [domestic import[] [ <l 0 cdcC (4)
[absorption] = price times OHI pricetimes [ i es fax
omestic sales quantity [ import quantity] H justment(]

where

QQ. guantity of goods supplied to domestic market (composite supply)
QD, guantity sold domestically of domestic output

QM. quantity of imports of commodity

tq. rate of sales tax

Absorption is total domestic spending on acommodity at the prices paid by the domestic
demanders (inclusive of the sales tax). It is expressed as the sum of spending on domestic output
and imports at the demand prices, PDD and PM, plus an upward adjustment for the sales tax.
(The prices PDD and PM include the cost of trade inputs but exclude the sales tax; cf. Equations
land 3)

The equation as awhole appliesto al commaodities; the import part only appliesif the
commodity isimported. (When the model is written in computer-solvable form, the variables PM
and QM are fixed at zero for commodities that are not e ementsin the set of imported
commodities, CM.) Note that this equation could be rewritten as an explicit definition of the
composite price (the price paid by domestic demanders, inclusive of the salestax) by dividing
through by QQ.

Domestic Output Value

PX_ X, = PDS, [@D, + PE, [QE,

[producer pricel ] [] domestic supply pricd ] [] export pricé] cdCX (5
[ times domestic[ ]=[] times O +] times [
Dutput quantity] [Jdomestic sales quantitf] [ export quantify

where

PX. aggregate producer price for commodity

QX, aggregate quantity of domestic output of commodity
QE, guantity of exports

For each commodity produced domestically, domestic output value at producer pricesis stated as
the value of domestic output sold domestically plus the export value. Domestic sales and exports
are valued at the prices received by the suppliers, PDS and PE, both of which have been adjusted
downwards to account for the cost of trade inputs (cf. Equations 2 and 3).
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The domain limitation to domestically produced commaodities (the elements in the set CX) hasto
be stated explicitly given that the model includes the category of imported commodities without
domestic production. The export part only applies to exported commaodities. (In the computer-
solvable model version, the variables PE and QE are fixed at zero for commodities that are not
elementsin the set CE.) PX and QX are referred to as “aggregate” values since, for some
commodities, they apply to an aggregation of different domestic producers of the same
commodity. By dividing through by QX, this equation could be rewritten as an explicit definition
of PX.

Activity Price
PA = PXAC,. 8,
cICX
allA ()

Lactivityl | [Jproducer prices]

Oericed [ times yields
where
allA set of activities
PA, activity price (gross revenue per activity unit)
PXAC,, producer price of commodity ¢ for activity a

2] yield of output c per unit of activity a

The gross revenue per activity unit is the return from selling the output (or outputs) of the
activity, defined as yields per activity unit multiplied by activity-specific commodity prices,
summed over all commodities (to allow for the fact that activities may produce multiple
commodities). Thisrevenueis allocated to intermediate inputs, factors, and activity taxes.

Value-added Price
PVA, =PA [{l-ta,) - Z PQ, [ita,
clJ

. Lihtermediatel ] allA (@
l]a]ueD_ D actlyltyD _ Oinput cost [J
[ddded[ 1= T[] price[] activity ]
Opriced  [Hnet of taf] DD wit [

where

PVA, value-added price (factor income per unit of activity)
ta, tax rate for activity a

ica,, guantity of c asintermediate input per unit of activity a

The activity value-added price is what remains of the gross revenue, PA, after adjustment for the
revenue share that is paid in taxes and the cost of intermediate inputs per unit of the activity.

10
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3.2 Production and Commodity Block

This equation block covers domestic production and input use, the allocation of domestic output
to exports and the domestic market, the aggregation of the domestic market supply (from imports
and domestic output sold domestically), and the definition of the demand for trade inputsthat is
generated by the distribution process.

Activity Production function

1

O . s
Q’A‘a = ada %';5&1@':%1 aD
O allA (8

Céctivity{ ]_ factof ]

Oleve E_ CE%input@
where
fOF set of factors
QA quantity (level) of activity
ad, efficiency parameter in the CES production function
o5, CES production function share parameter for factor f in activity a
QF,, quantity demanded of factor f from activity a
o)y CES production function exponent

A CES (Constant Elasticity of Substitution) function is used to capture the relationship between
factor use and activity levels.

Factor Demand

1

- EI a |:| p:_l a
WF, WFDIST o = PVA, [&d, %;Zp o [QF. " (&7, [QF_ "
[ allA ©
[dharginal cost[ ] [Imarginal revenué | fOF
[lof factor f [] = [Jproduct of factof |
Din activity a 0 finactivity a [
where
WF, average price of factor

WFDIST,  wagedistortion factor for factor f in activity a (exogenous variable)

Together, Equations 8 and 9 are the first-order conditions for profit maximization subject to the
CES production functions. Equation 9 equates the marginal cost of each factor (defined on the
left-hand side as the activity-specific factor price) to the margina revenue from the production

generated by the factor (net of taxes and intermediate input costs). The exponent, pZ,isa
transformation of the elasticity of factor substitution: the higher this elasticity, the smaller the

11
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value of pZ and the larger the optimal change in the ratios between different factor quantitiesin
response to changes in relative factor prices.

The fact that the average factor price is an endogenous variable while the activity-specific
“wage-distortion” factor is exogenous reflects the treatment of factor marketsin the basic model
version (see Equation 32 below).

| ntermediate Demand

QINT,, =ica, , [QA, A0 A
[ihtermediate]_ ¢ Clactivit]] cucC (10)
Hdemand § g levdJ
where
QINT,_, guantity of commodity c as intermediate input to activity a

For each activity, the demand for intermediate inputs is determined via a standard L eontief
formulation as the level of the activity times the intermediate input coefficient.

Output Function

QXACac = eac @Aa

iy pedfic] A W
ivity-specifi -
Oproduction of (1= f El::nwdtyi] clCX
 commodity ¢ [ Hiee O
where
QXAC,, quantity of output of commodity c from activity a
Activity-specific output quantities are determined by activity levelstimesyields.
Output Aggregation Function
1
_ AaC |:| pcac_l
QX = aac, %;6;2 [@XAC,. ™ O
0
cdCX (12
[] aggregate [] [activity-specifi€ ]
[production of [J= CES[] production of[]
[H commodity ¢ [ g commodity c [
where
aac, shift parameter for domestic commodity aggregation function
0% share parameter for domestic commodity aggregation function
p domestic commodity aggregation function exponent
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Aggregate production of any commaodity is defined as a CES aggregation of the production
levels of the different activities producing the commodity. (QX appears as the output, sold at the
price PX and produced with the inputs QXAC which are purchased at the prices PXAC.) Thisis
an extension of the Armington treatment (see Equations 14-15 below), which typically is used
when the different sources are imports and domestic output, to the case when the different
sources are different domestic producers. Economically, this means that demander preferences
over outputs from different domestic producers are expressed as a CES function. Imperfect
substitutability stems from differences in quality, location, and timing between different
producers of what is defined as the same commaodity.

First-Order Condition for Output Aggregation Function

1
—ac -1

|:| ac U pc ac
PXAC,, = PX.[&ac, %;52‘2 [QXAC, ﬁ (B2 [OXAC, % ™
allA

) [fnarginal revenue] clcC
fharginal cost of
ginal cost of ] [] productof []
] commodityc []
0 fromactivitya [§

(13)

] commodityc []=
[ from activity a [§

The choice between commodities from different sourcesis formalized as a production problem
with the aggregate output, QX, as the output and the disaggregated outputs, QXAC, as inputs.
Together Equations 12 and 13 states the first-order conditions for maximizing profits from
selling the aggregate output, QX, at the price PX subject to the aggregation function and the
disaggregated commodity prices, PXAC. A declinein the price PXAC of one producer relative to
others would shift demand in his/her favor without totally eliminating demand for other, higher-
price sources (in amanner that is analogous to the imperfect substitutability that is assumed
between imports and domestic output, cf. Equations 14-15). The degree of substitutability
between different producers depends on the value of pZ° (which is atransformation of the

elasticity of substitution).

Note that, for the case of a single producer of a given commodity, the value of the share
parameter, dZ, would be unity and, as aresult, QXAC = QX and PXAC = PX, irrespective of
the values for the elasticity and the exponent.

Composite Supply (Armington) Function

1
QQ.= aq, (52 M + (1- &) D

cOCMX (14
[ domposite |_ ¢ [limport quantity, domestit |
0 supply £ [ use of domestic output[]
where
cOCMX[U CM) set of imported commodities with domestic production
aq, Armington function shift parameter

13
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o, Armington function share parameter
JoX Armington function exponent

In aparallel fashion, imperfect substitutability between imports and domestic output sold
domestically is also captured by a CES aggregation function in which the composite commodity
that is supplied domestically is "produced” by domestic and imported commodities, entering this
function as "inputs' (cf. Equations 12 and 13.) This function, with adomain that is limited to
commodities that are both imported and produced domestically (the elementsin CMX), is often
called an “ Armington” function, named after the originator of the idea of using a CES function
for this purpose. The elasticity of substitution between commodities from these two sourcesis a

transformation of pJ.

I mport-Domestic Demand Ratio

1

QM. _ OPDD, 7 [
QD, OPM. 1-4/Q

cOOCMX  (15)
[ import - [] [Jdomestic ]
O domesic (0= f O import O
[lemand ratiofT] T price ratif]

Equation 15 defines the optimal mix between imports and domestic output. Its domain is also
l[imited to imported commodities that are produced domestically. Note that the equation assures
that an increase in domestic-import price ratio will generate an increase in the import-domestic
demand ratio (i.e., a shift away from the source that became more expensive).’® Together,
Equations 4, 14 and 15 constitute the first-order conditions for cost-minimization given the two
prices and subject to the Armington function and a fixed quantity of the composite commodity.

Composite Supply for Non-Imported Commodities
QQ.=QD,

[domposite] ] __[Jdomestic use of ]

8 supply _Edomestic outpu]

cLCNM (16)

where
cOCNM[ C) set of non-imported commodities

For commaodities that are not imported, the Armington function is replaced by the above
statement which imposes equality between “composite supply” and domestic output used
domestically.

3 For the Armington function, as the elasticity of substitution between imports and domestic output varies from zero
to infinity, the value of pg varies frominfinity to minus one. According to Equation 15, as the value of pg

approaches minus one from above, the elasticity of the import-domestic demand ratio with respect to changesin the
PDD-PM ratio gets larger.

14
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Composite Supply for Non-Produced I mports

QQ.=QM,

[domposite ] _

cOCMNX (17)
E supply E_ [irrports]

where
cOCMNX[I CM) imported commodities without domestic production

Similarly, for commodities that are without domestic production, the composite supply isthe
import supply.

Output Transformation (CET) Function

QX = at, [écﬁ [QE" + (1- &} )[QDgé)?lE

cOCE (18)
Ldomestic[]_ [export quantity, domestit ]
Houtput [ use of domestic output]
where
at, CET function shift parameter
d, CET function share parameter
Jo) CET function exponent

Imperfect substitutability between imports and domestic output sold domestically is paralleled by
imperfect transformability between domestic output for exports and domestic sales, captured by
Equation 18. The CET (constant-elasticity-of-transformation) function, which applies to
exported commodities, isidentical to a CES function except for negative elasticities of
substitution. The elasticity of transformation between the two destinations is a transformation of

p.. for which the lower limit is one. In economic terms, the difference between the Armington

and the CET functionsis that the arguments in the former are inputs, those in the latter are
outputs.

Export-Domestic Supply Ratio

1

QE., OPpE, 1-8! k-1
- 3%
QD. [OPDS: O; [

cOCE (19

L] export- [ [] export- []
0 domestic [J= f [0 domestic[]

Bupply ratio] H price ratif]

Equation 19 defines the optimal mix between exports and domestic sales. Equations 5, 18 and 19
constitute the first-order conditions for maximization of producer revenues given the two prices
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and subject to the CET function and a fixed quantity of domestic output. Note that Equation 19
assures that an increase in export-domestic price ratio will generate an increase in the export-
domestic demand ratio (i.e., a shift toward the destination that offers a higher return).'*

Output Transformation for Non-Exported Commodities

QX.=QD,
E?(?r::i% — [domestic sales of [] CUCNE (20
domestic output [
g output u
where
cOCNE C) non-exported commodities (with domestic production)

For commaodities that are not exported, the CET function is replaced by a statement that imposes
equality between aggregate domestic output and domestic output sold domestically.

Demand for Trade I nputs

QTc= ;(Icrncc @Mc +icecc‘ @EC +iCdcc‘ IIDDC)

[l sumoftrade [] cOCT o
thoffzje[%: Linputs demanded for [ ] (21)

) [imports, exports, and[ ]
Binpus 5 0 domesticsales [J
where

QT, guantity of commodity demanded as trade input

Total demand for trade inputs is the sum of the demands for these inputs that are generated by
imports (from moving commodities from the border to domestic demanders), exports (from
moving commodities from domestic producers to the border), and domestic sales (from moving
commodities from domestic producers to domestic demanders). In all three cases, fixed
guantities of one or more trade inputs are required per unit of the traded commodity.

4 For the CET function, as the elasticity of transformation between exports and domestic sales varies from zero to
infinity, the value of pé varies frominfinity to one. According to Equation 19, as the value of pé approaches one

from above, the elasticity of the export-domestic demand ratio with respect to changes in the PE-PDD ratio gets
larger.
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3.3 Institution Block

Factor Income

YF, = shry, {L=TY' )y WF, SWFDIST (4 [F, ,

igID
. . 22)
[Jincomeof [] [Jshareofincome] fOF (
Llnstitutioni []=[1] of factor fto [] come Off factor f[J
Dfromfactor f [ institutioni [ (netoftay) [
where
idl set of institutions (households, enterprises, government, and rest of world)
idIDQO 1) setof domestic institutions (households, enterprises, and government)
YF; transfer of income to domestic institution i from factor f
shry, share for domestic institution i in income of factor f

TY: or TY¢ direct tax rate for domestic institution i or factor f (exogenous variable)

Factor incomes (net of direct taxes) are split among domestic ingtitutions in fixed shares. (To
assure that the total factor income is distributed, it is necessary that ;5 shry, =1.)

I nstitution I ncome

Yli: YI:I + TRi.'H?i ov +EXR|I_rir0w
;F f i gNG' ’

iOIDNG (23
[ncomeof []_[] factof ] + Eftransfis B_'D governmeht] transfefs @3)
bhstitutioni  HincomE] @r:;?t]ui)iorig g transferg] from RGWy
where
i JIDNG[( ID) set of domestic non-gov. institutions (households and enterprises)
Y1, income of domestic non-government institution
TR, transfers from domestic non-government inst. i’ to domestic inst. i
tr transfer from institution i to institution i’

The total income of any domestic non-government institution is the sum of factor incomes
(defined in Equation 22), transfers from other domestic non-government institutions (defined in
the following Equation 24), and exogenous transfers from the government and the rest of the
world.

I ntra-I nstitutional Transfers

TR, = shrtr,, [{1- MPS, ) {L-TY: ) ({1, — EXR ¥ u)
i0ID

i'oipng &Y

[$hare of income[] [] incomeof ingtitutioni® [
[transfer from [1_ T : )
SEE T == ofinstitution i' [JLT et of savings, direct taxes[ ]
Ghstitution i* to i

Dtransfered toi [§ [J andtransferstoRoW [
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where
shrtr,. share of domestic inst. i inincome of domestic non-government inst. i’
MPS marginal propensity to save for domestic non-government institution

(exogenous variable)

Transfers from domestic non-government institutions to other domestic institutions (including
the government) are paid in fixed shares of the total institutional income after transfers to the rest
of the world and deduction of the fixed income shares that are paid in taxes or saved.

Household Consumption Expenditures

EH, = EJL—gbshrtrihEEQl—MPQ) -TYn) E@YIh -EXR Ef_howh)

[] householdincome  [] hOH (25)
[] household disposable []_ [fhet of savings, direct taxes,[ ]
ihcome (for consun‘ption)g_ [0 andtransfersto Row []

 and other ingtitutions

where
hOHIJ IDNG) set of households
EH, consumption spending for household

Among the domestic non-government institutions, only the households demand commodities. In
this equation, the total value of consumption spending is defined as income left over after
transfers to other domestic ingtitutions, savings, direct taxes, and transfers to the rest of the
world.

Household Consumption Demand

[l [l
Bch @EHh - ; PQc WchD
O] ¢ 0

QH ch = Yen + cllC
P
Q. hOH (26)

[l quantityof [1 [ household[]

[(household demand[ ]= [ ] disposable[ ]

[0 for commodity ¢ [ income, prick]
where
QH,, guantity consumed of commaodity ¢ by household h
Yer subsistence consumption of commaodity ¢ for household h
B., marginal share of consumption spending of household h on commodity ¢

18
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It is assumed that each household maximizes a*“ Stone-Geary” utility function subject to an
expenditure constraint.™ The first-order conditions for utility maximization subject to an income
constraint are summarized in the above demand functions. This demand system isreferred to as
the Linear Expenditures System (LES) — if Equation 26 is multiplied on both sides by PQ,
spending on individual commoditiesis alinear function of total consumption spending, EH.

Private | nvestment Demand

QINV, = ginv, OADJ

[privateinvestment[ ] []base-year privaté] cucC (27)
[1 demand for [ =[] investment times ]
8 commodity ¢ [ Fadjustment factof]

where

QINV, quantity of investment demand for commodity
qginv, base-year quantity of private investment demand
IADJ investment adjustment factor (exogenous variable)

Private investment demand is defined as the base-year quantity multiplied by an adjustment
factor. For the basic model version, the adjustment factor is exogenous and the quantity of
private investment fixed (see discussion of Equation 35).

Government Consumption Demand

QG, = qg, [GADJ

[Chovernment []  [base-year governmert] 0c
[donsumption[ - []  consumption [] c
CHemand for[] [ times U

Hommodity o] [ adjustment factor [

(28)

where

QG, government consumption demand for commaodity

@c base-year quantity of government demand

GADJ government consumption adjustment factor (exogenous variable)

Similarly, government consumption demand (in which the main component is spending on the
services provided by the government labor force) is also defined as the base-year quantity
multiplied by an adjustment factor. This factor is also exogenous and, hence, the quantity of
government consumption fixed (see discussion of Equation 31).

' The Stone-Geary utility function may be written as follows: U, = U (QHg, — Ve )B°h , where U, isthe utility
cli

of household h and the rest of the notation is the same as in the model. For further details, see Derviset al. (1982,

pp. 482-485).
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Government Revenue

ye=gpypgovf Jr;T_\(i m, + ZN TR M, +EXR [ govrom
G

n]
+ZPT_Yf %\/\/Ff [WFDIST 1. [QF,,
+ ;tqc (PDD. @D, +PM QM ) +;t% [PA. [QA,

+ 3t (EXRO, QM+ te; (EXRTpwe, (QF, (29)

[direct taxed | [transfersfromh] [] transferd
Cgovernment ] Dfactorl]+ [l from [H[] domestic []4] froni]
O revenve [ [hcomel] Cinstitutions [ institutions [ RoWJ
+ [Hirect taX$D+D91eE +|] activity impbrt + [éxport[ ]
Dromfactor] Htaxg 0 taxd tarifits DraxesJ
where
YG government revenue

Total government revenue is the sum of government incomes from factors, institutional transfers
(including transfers from the rest of the world), and taxes (direct taxes on factor and institutional
incomes; sales, activity, import, and export taxes on trade and production).

Government Expenditures

EG= PQC EDGC + Ei o + EXR ﬁrow jov

30
[government[]_ [ government ] + %;gf; Si;OB-OD transfefg (30)
Hspending [ Heonsumptioft] AnstitutionsE] H toRoV

where
EG government expenditures

Total government spending is the sum of government spending on consumption and transfers.

Government Savings

GRAV =YG -EG
[ government[ ] _[ Jgovernmerit ] [ ] governmeift] (31)
0 savings § O revenue § [ expenditurg
where
GSAV government savings

Government savings is defined as the difference between government revenue and (current)
government expenditures (not including government investment spending). For the basic model,
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government savings is an endogenous variable; in other versions, it may be fixed while another
variable (which in the basic model version is exogenous) is unfixed, for example the direct tax

rate of one the domestic institutions (T_Yi for one of the elementsin the set IDNG) or the

adjustment factor for government consumption (GADJ ). Variationsin the unfixed variable
assures that the exogenous government savings target is reached.

34  System Constraint Block

Factor Market

ZQFfa:Q_FSf

fOF (32)
[demand for[]_[supply of ]

g factor f E_E factor 1

where
QFS; quantity supplied of factor (exogenous variable)

This equation imposes equality between the total quantity demanded and total quantity supplied
for each factor. In the basic model version, all demand variables are flexible while the supply
variable isfixed. The factor wage, WF , isthe equilibrating variable that assures that this

equation is satisfied —an increase in WF raises the wage paid by each activity,
WF, WFDIST ¢ o, which isinversely related to the quantities of factor demand, QF; ,. All
factors are mobile between the demanding activities.

Other formulations may be used. For example, to specify the case with unemployment at a given
wage for afactor, the supply variable for the factor is unfixed (QFS ) while its economy-wide
wageisfixed (Wf ). If so, the model remains square (one endogenous variable is added but
another one removed). Each activity is free to employ the quantity it desires (QF, ) at afixed

wage (V\_IFf (WFDIST 1 a). The free supply variable, QFS , records the total employment level.

Alternatively, to specify the case of afully segmented factor market with fixed factor demands
for each activity (for example short-run fixity of non-agricultural capital use), the variables for

factor demand and the economy-wide wage are fixed (written QF . . and WF, ) whilethe
variables for supply and wage distortions are unfixed (written QFS and WFDIST; ,). The model

fa

remains sguare (the economy-wide wage variable and a set of activity-specific factor-demand
variables are fixed; the supply variable and a set of activity-specific wage-distortion variables are

unfixed). Activity-specific wages, WF « IMFDIST, _, vary to assure that the fixed activity-

fa?r
specific employment level, Q_Ff . Isconsistent with profit-maximization (cf. Equation 9). For
this formulation, the endogenous supply variable merely records the total employment level.
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Composite Commodity Markets

QQ, = ;Ql NT. +; QH ., +QG, +QT,

+QINV, +qginv, +qdst,

[domposite ] __[Jintermediatk] D household ] governmént trafid ctC (33)
0 supply & E ue [J E consumpti ¢ % consumptfgh inputfdise

D private D @overnmentD [] stock ]
@mﬂment@ Dnv&stment@ HchangE]

where
qdst, guantity of stock change
qginv, quantity of government investment demand

This equation imposes equality between quantities supplied (from Equations 14-16) and
demanded. The demand side includes endogenous terms (from Equations 10, 21, 26, and 27) and
two new exogenous investment items. The market-clearing variables are the quantities of import
supply, QM, for the part of supply that is represented by imports and the domestic demand price,
PDD, for the domestic supply.

Current Account Balance for RoW (in Foreign Currency)
pwim, [QM_ + t_rmwi =Y pwe, [QE, + Y trirow +FSAV
% 2 P2

Uimport [] DtransfersD [ export’] transfefg for@gn
Spendingd E to RoW[J E revenig from RGWy saviiibs

(34)

where
FSAV foreign savings (FCU) (exogenous variable)

The current-account balance (which is expressed in foreign currency) imposes equality between
the country’ s spending and earning of foreign exchange. For the basic model version, foreign
savingsisfixed; the exchange rate (EXR) serves the role of clearing the current-account balance.
For example, other things being equal, an increase in the exchange rate (depreciation) would
remove any deficit (in excessof FSAV ) by (a) reducing foreign exchange spending on imports
(viaacut in import quantities at fixed world prices); and (b) increasing foreign exchange
earnings from exports (via a boost in export quantities at fixed world prices) (cf. Equations 15
and 19). The fact that all items except imports and exports are fixed means that, in effect, the
trade deficit also is fixed.

Alternatively, the exchange rate may be fixed and foreign savings unfixed. If so, the trade deficit
isfreeto vary.
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Savings-I nvestment Balance
¥ PQ.IRINY, + 5 PQ.fdst, + 5 PQ. [ginv,
= 5 MPS {1-TY:) V1, ~EXR{ 1o ) +GSAV +EXR FSAV (@)

[ private [ +D stock[ ] governmeht] [J non-goverind +@overnmentD +D foreigh |

Ghvestment] [ changE] investmeq [ mentsavifigs [ savings  HsavingE]

This equation states that the total investment value (the sum of the value of private and
government investment, which constitute “ gross fixed capital formation”, and the value of stock
changes) equals total savings (the sum of savings from domestic non-government institutions,
the government, and the rest of the world, with the latter converted into domestic currency).

In the basic model version, the MPS variables for all domestic non-government institutions
except the non-agricultural enterprise are fixed (in a side-condition). The savings rate and, hence,
the savings value of thisinstitution isfree to perform the role of balancing aggregate savings and
investment values. All other itemsin the savings-investment balance are fixed or have to adjust
to satisfy other conditions. Given that the balancing role was performed by the savings-side, this
closure represents a case of “investment-driven” savings.

If, alternatively, the investment adjustment variable, which is exogenous in the basic model

version (1ADJ ), were unfixed and the MPS of the non-agricultural enterprise fixed, investment
would be “savings-driven.”

Investment-driven closures with a more evenly spread adjustment burden are also possible, for
example, the imposition of an equal percentage point change in the savings rates for all
households.

Price Normalization

Z PQ, [éwts, = cpi
cLl
(36)
[pricetimes ]_ [CPI]
g weights
where
cwts, weight of commodity ¢ in the CPI
cpi consumer priceindex (CPI)

The model that has been presented up to this point is homogeneous of degree zero in prices—if
one equilibrium solution exists, there is an infinite number of solutions (each of which has the
same relative prices). To assure that only one solution exists, the above price normalization
equation, which fixes a measure of the consumer price index (CPl), has been added. Given this
definition of the price normalization equation, all simulated price changes can be directly
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interpreted as changes vis-a-vis the CPI. (Alternatively, it would have been possible to fix one
price variable, for example awage.)

Up to this point, the model that has been stated is not square; the number of equations exceeds
the number of variables by one. Moreover, the model satisfies Walras' law in that one equation is
functionally dependent on the others and can be dropped. (The savings-investment balance or a
commodity-market equilibrium condition is commonly eliminated.) After eliminating one
equation, the model is square and, in the absence of errorsin formulation, a unique solution
typically exists. Instead of dropping one equation, it is also be possible to add one variable (in
one or more equations). Its solution value should be zero — if not, one or more equations are not
satisfied and a general equilibrium solution has not been found.*®

At this point, a complete and self-contained model has been presented. In the current version, the
remaining three equations (and the three new variables that appear in them) are superfluous (but
innocuous). The reason for including them is that they permit the formulation of model versions
that impose a more balanced adjustment in the components of absorption in response to shocks.
Thistopic is discussed after the last equation.

Total Absorption
TABS = ; g PQ. [@QH,, + ) PQ, MG, +) PQ, DINV,
h T Oc
+c; PQ, [gdst, +E; PQ, [Gginv, 37)
[] total  [J_[] household[] governmetit] privafe] D+ stdck +overnmentD
[Fsorption] _Eoonsun‘ptio@ consunmpti¢n investmt [ chdobe  nvestment [
where

TABS total nominal absorption

Total absorption is measured as the total value of domestic final demands. The new variable,
TABS, records this value.

Ratio of I nvestment to Absorption

INVSHRITABS= ; PQ, [QINV, +; PQ, [qginv, +Z PQ, [ddst,
cl e

38
E;\;awt_g total  [J_[] private[] governmeht] sto€K (38)
A Sr:t?gona[%bsorptiona Hinvestment] investmerg charige
where
INVSHR investment share in nominal absorption

18 This approach is followed in the GAMS version of thismodel. A variable called WALRAS is added to the
savings-investment balance.
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The right-hand side of this equation defines the total investment value (cf. Equation 35). On the
left-hand side total absorption is multiplied by a new free variable, INVSHR. At equilibrium,
this variable measures the ratio between investment and absorption.

Ratio of Government Consumption to Absorption

GOVSHRITABS = ; PQ, @G,

[government [] (39
[donsumption-[] total  []_[] government ]
[Jabsorption [] sorption ] [Jeonsumptioft]
0 rato G
where
GOVSHR government consumption share in nominal absorption

Thisfinal equation is similar to Equation 38 except for that investment is replaced by
government consumption. The right-hand side defines the value of government consumption (cf.
Equation 30). On the left-hand side, total absorption is multiplied by a new free variable,
GOVSHR, which measures the ratio between government consumption and absorption.

The presence of Equations 37-39 and three new variables makes it possible to specify a
"balanced" macro adjustment that may be preferable for model simulations aimed at generating
plausible real-world responses to shocks that |ead to significant changes in total absorption (for

example as aresult of aterms-of-trade shock). In the current model formulation (with 1ADJ and

GADJ as exogenous variables), the entire shock will be absorbed by household consumption.*’
In the alternative closure with savings-driven investment under which all savings rates are fixed

and the investment adjustment factor flexible (MPS and 1ADJ ), the adjustment burden would
fall on investment.

Under the aternative, balanced closure, the investment and government absorption shares are

both fixed at base levels (INVSHR and GOVSHR) while the adjustment factors are unfixed
(1TADJ and GADJ ). In other respects, the basic model formulation is retained (including a
flexible savings rate for one or aset of domestic non-government institution).

In this setting, any change in total absorption would, in nominal terms, be spread evenly across
the three components of absorption. (Given the shares for investment and government
consumption, the share for household consumption isimplicitly defined.) Adjustmentsin non-
government savings would balance the savings and investment values. The scope of the savings
adjustment, which would be influenced by changes in investment and government consumption
(for the latter via changes in government savings), would determine the space for household
consumption.

Y However, for simulations with single-period models (like the current model) aimed at exploring welfare impacts
of exogenous shocks, this closure is sometimes preferabl e since the model would not be able to capture future
welfare changes associated with current changes in investment.
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Appendix: Mathematical Model Statement in Summary Form

Hans Léfgren/ IFPRI

The mathematical summary statement isfound in Table A1. It starts with aphabetical lists of
individual items (sets, parameters, exogenous variables, and endogenous variables) followed by a
statement of the equations in the same order asin Section 3.

Table A.1: Mathematical summary statement for the Malawi CGE model

SETS
Symbol Explanation Symbol Explanation
. imported commodities without
allA activities cOCMNX[I CM) domestic production
. domestic trade inputs (distribution
cOC commodities cOCTQ C) commodities)
cOcxp c)  domesticaly produced fOF factors
commodities
exported commaodities (with . institutions (households, enterprises,
cUCEO C) domestic production) 1ol government, and rest of world)
non-exported commodities (with : domestic institutions (househol ds,
CLICNEQ C) domestic production) 1o1Dg 1) enterprises, and government
) domestic non-government
cCM C) imported commodities i JIDNG[( ID) institutions (households and
enterprises)
cOCNMIU C) non-imported commodities hOHU IDNG) households
cOCMX[J CM) imported commodities with
domestic production
PARAMETERS
shift parameter for domestic .
aac, commaodity aggregation function qutC quantity of stock change
ad efficiency parameter in the CES - base-year quantity of government
a production function a9. demand
ag. Armington function shift parameter qainv, g;ﬂfg of government investment
. . P base-year quantity of private
at, CET function shift parameter qinv, investment demand
; . share of domestic inst. i in income of
cpl consumer price index shrtr“. domestic non-government ingt. i’
: . . share of domestic institution i in
cwts, weight of commaodity c in the CPI Sl‘ll’yif income of factor f
; quantity of ¢ asintermediate input -
Ica, per unit of activity a ta, tax rate for activity a
_ quantity of commodity ¢’ astrade
ICdc.c input per unit of ¢ produced and sold | t€, export tax rate
domestically
: quantity of commodity ¢’ astrade : .
ICE,.. input per exported unit of ¢ tm, import tariff rate
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TableA.1: Mathematical summary statement for the Malawi CGE model

quantity of commodity ¢’ astrade

28

M input per imported unit of ¢ Q. rete of salestax
. . — transfer from ingtitution i to
pwe, export price (foreign currency) tri ntitution i
p import price (foreign currency)
WiTy,
Greek Letters
a, share of value-added to factor f in activity a Yen ﬁéﬁ:;?gehconwmptlon of commodity ¢ for
marginal share of consumption spending of . . -
B., hougehol d on commod tyg P 9 0., yield of output ¢ per unit of activity a
a CES production function share parameter for a . .
O, factor f in activity a Pa CES production function exponent
5 share parameter for domestic commodity ac domestic commodity aggregation function
ac aggregation function P exponent
53 Armington function share parameter pg Armington function exponent
o, CET function share parameter o CET function exponent
EXOGENOUS VARIABLES
—_— ' . == —’ direct tax rate for domestic ingtitution i or
FSAV foreign savings (FCU) TYior TY+  foorf
GADJ government consumption adjustment factor WFDIST wage distortion factor for factor f in activity a
|ADJ investment adjustment factor
ENDOGENOUS VARIABLES
EG government expenditures QE. quantity of exports
EH, consumption spending for household QF,, quantity demanded of factor f from activity a
EXR exchange rate (LCU per unit of FCU) QG gg\rﬁ;r(])ﬂﬁ; t consumption demand for
government consumption share in nominal guantity consumed of commaodity ¢ by
GOVHHR absorption QH., household h
. quantity of commodity c as intermediate input
GSAV government savings QINT_, {0 activity a
INVSHR  investment share in nominal absorption QINV, quantity of investment demand for commodity
MPS &?ggi&ﬁ?g?&g;ﬂ save for domestic non- QM. quantity of imports of commodity
. . . quantity of goods supplied to domestic market
PA, activity price (unit gross revenue) QQ. (composite supply)
PDD demand price for commodity produced and QT quantity of commodity demanded as trade
¢ sold domestically ¢ input
PDS supply price for commodity produced and QX aggregated quantity of domestic output of
¢ sold domestically ¢ commodity
PE, export price (domestic currency) QXAC,, g;?cit![;y:f output of commodity ¢ from
PM. import price (domestic currency) TABS total nominal absorption
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TableA.1: Mathematical summary statement for the Malawi CGE model

. . . transfers from domestic non-government
PQ, composite commoity price TR institution I’ to domestic institution i
PVA, \g ili/ei:[;';\/()jded price (factor income per unit of WF, economy-wide factor wage
. . transfer of income to domestic institution i
PX, aggregate producer price for commodity YF; from factor f
PXAC,. producer price of commodity c for activity a YG government revenue
. . income of domestic non-government
QA quantity (level) of activity Y1, nstitution
QD, quantity sold domestically of domestic output
EQUATIONS
# Equation Domain Description
Price Block
PM, = pwm [ 1+tm, ) OEXR + PQ, litm,,
c'cCT
1 Limport[] [imporf ][] tarifff ][] exchange rbte [] cost of tfatle cCM Import Price
Oprice =0 pricd] D adiusF 1] (Lcupef] [F inputsper
Hreu)d Qrreugg meng g Fcu)d O  import (mjt
PE, = pwe [{ 1-te, ) OEXR - ; PQ. lite,,
Cc
2 Cexport[] [exporf ][] tax[J[] exchange rbte [] cost of tafle cLCE Export Price
Oprice =0 pricd] [adjustE 1] (LcU pd] [ inputspet
Hiecu) Qreugg mentg g FCU) @  export dmjt
PDD., = PDS, + ; PQ.. [icd...
c
Demand price of
3 . . [cost of trade [] cLCX | domestic non-
[ domesticl] _Ddomestla [0 inputsper [ traded goods
[emand []=[] supply[] + .
Oprice § g priced O unitof [
[omestic sales]
PQ, Q. = (PDD, [@D, +PM_ @M, ){ 1+tq, )
4 [ [domestic demand price ] [ import price[ ][] cC Absorption
[absorption] = times O+H1 dmes QOO y_"&“"x O
omestic sales quantityl] [Timport quantit@H jusiment]
PX.[QX, = PDS. [QD, + PE, [QE,
5 [producer pricel ] [] domestic supply pricd ] [] export pricé] cCX Domestic Output
imes domestic[]=[] times O6  tmes [ Value
Dutput quantity] [Jdomestic sales quantitf] [ export quantify]
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P& = ;k PXACac mac
6 allA Activity Price
Lactivityt | [Jproducer prices]
Hericed [ times yields O
PVA =PA ({1-ta,) -  PQ, a,
¢
! Walue[] [ activityl ] [ibwermediatel allA \ID/:;‘IClJee-added
[ddded[]= [] price[] - Ebigrm:c(t:i?/?ty%
Dpriced  [Hnet of taf] 8 wit B
Production and commaodity block
1
[ a _paed
QA, = ad, %Zp% [QF . ™0 Activity
8 O allA Production
Cactivin ] _ cgdlta ctof ] function
Hleve %inputg
1
e a— [ a —p2 [ pi-1 a e
Wf NVFDIST fa = PVAa Ijida %(; 5fa @Ffa : D mfa @Ffa :
9 0 allA Eactor D q
or beman
[hnarginal cost[] [Jmarginal revenué | fOF
[lof factor f [] = [Jproduct of factof ]
Hin activity a [§ g finactivity a [J
QI NTca = ica'C a @%
10 allA Intermediate
[ihtermediate] ]_ f [activity ] cOcC Demand
Odemand § [ leveJ
QXAC&C = Qac @Aﬂ
allA
11 Cctivity-specifid ] . Output Function
Oproduction of (1= f Eihlctl\gtyD clCX
[ commodity ¢ [ Dee O
1
_ Aac |:| p?c_l
QX, =aac, (M} 0 [QXAC,. ™ O
O Output
12 clCX Aggregation
[] aggregate [] [activity-speifi€] Function

[Cproduction of []= CES[] production of[]
(£ commodity ¢ [ 0 commodity ¢ [
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1

D ac U;gb - ac
— ac -p¢ ac -p; -1
PXAC,. = PX.[aac, %;5“ [OQXAC,; E (D, [QXAC, ! First-Order
alA Condition for
13 Output
Crerginal costof [ 0rainal revenue] cHC | Aggregation
[ commodityc [= O productof [ Function
[ from activity a [§ ' commodityc [
y 0 fromactivitya [§
1
QQ.= aq, (8¢ QM £+ (1- 1) @D ) Composie
14 cOCMX ?Xﬁmgton)
[ dompositel |_ ¢ [limport quantity, domestit] Function
g supply [ use of domestic output]
1
QM. _ UpPDD. 0 o Eﬂpﬁ
QD., [OPM. 1-4]0 .
¢ € Import-Domestic
15 cLJCMX Demand Ratio
[ import = [ [ ldomestic ]
0O domesiic (0= fOJ import [J
[demand ratiofT] Dprice ratif]
¢~ ¢ Composite
QQ.=QD p
Supply for Non-
16 [ dompositel | _[ ]domestic use of | cLICNM Imported
0 supply [ domestic outpu] Commodities
QQ.= QM Composite
17 CUCMNX | Supply for Non-
[dompositd |_ [ ] Produced
Hsupply § mports Imports
QX =at, [@52 [QE+(1- & )BDDSC) " Output
18 cUCE Transformation
[ domestic[ ]_ C [export quantity, domestit | (CET) Function
Houtput & [ use of domestic output
1
QE. _UPE, Dl oL Dri-t
- t
QD [OPDS: 0. [ Export-Domestic
9 cLICE Supply Ratio
[] export- [] [] export- [J
0 domestic [J= f [0 domestic[]
Bupply ratio] [ price ratif]
— Output
QX.=QD, Transformation
20 [domestic ] _[Jdomestic sales of ] cCNE for Non-
Houtput § [ domestic output Exported
Commaodities
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QTc: ;(ICITLC @Mc +icecc‘ Eq?Ec +iCdcc‘ [(DDC)

Demand for

21 (errand [ [J sumoftrade [] cUOCT Trade Inputs

Cor tradd J= [nputs demanded for []
Rinputs B [ilmports, exports, and(_]
P 0 domesticsales [

Institution block

YE = shry,, [Ql—T_Yf)D;VVFf WVFDIST 1 a [QF; ,

igdID
22 . ) Factor Income
(incomeof [] [Jshareof incomg]
[ingtitutioni [J=[] of factor fto [] oon‘eofffactorfD fOF
Dfromfactor f] [ institutioni [ (netofta) [
Yl = rZPYFIf + ZN TR: +t—rigov +EXR [ i row
23 e I JIDNG| Institution
Cincomeof [1_ [ factof ] Eftransr:f %D governmeht] transfefd Income
Dhstitution i Fincomg] @rr];ri?u(t)iori@ 0 transferg] % from Rgyy
TR, = shrtr,, [1- MPS, ) [1-TY; ) (W1, - EXR o 0D | e
24 [trangfer from [] [$hare of income] [] incomeof ingtitutioni' [] i 'O IDNG Institutional
tre.m o '_"Om_ = [of ingtitution i' (][I et of savings, direct taxes[ ] Transfers
Hpsitution*toi] Dtransfered toi [ [ andtransferstoRow [
] O — _
EH, = (- ;DmrtrihDEQl—MP&) @-TYn) (M, ~EXR {roun )
O 0 Household
25 [ householdincome  [] hOH COﬂSlJmption
(] household disposable []_ [tet of savings, direct taxes,[ ] Expenditures

fihcome (for consumption)] [ and transfersto Row [
 and other ingtitutions

[l U]
B., [TEH,, - Zt PQ. ¥,.,.O
U ¢ U

QH. = Ven + c0C | Household
26 PQ, Consumption
hUH Demand
[l quantityof [1 [ household[]
[household demand[ ]= f[] disposable[ ]
[0 for commodity ¢ [ income, pricg]
Ql NV, = qi nv, dADJ .
Private
27 [privateinvestment[ ] [Jbase-year privaté] clOC Investment
[1 demand for [=[] investment times[] Demand

8 commodity ¢ [ Fadjustment factof]
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QG, = qg, [GADJ
Government
[hovernment [ ] [ base-year governmert | i
28 Chonsurption L [ consumption L] cC Consumption
Cdemand for[] [ times O Demand
Fommodity o] [ adjustment factor [
YG = gvagovf +;T_Yi M, + ZN TRy, Y1, +EXR [ govrow
u| G
+ZPT_Yf %\/\/Ff WFDIST 1. [QF,,
3 (PDD. @D, +PM_QM ) +3 ta, PAQA,
20 +3 tm EXRpAm, (M + 3 te, (EXRipwe, (QF, overnment
[direct taxesd | [Jtransfersfroh] [] transfdrd
Cgovernmentl ] [Factor D‘*‘ [l from [H[] domestic []4] froni]
[ revenue [ [hoome] Cinstitutionsg [ institutions [ RoWJ
+ [Hirect taxesD+D91eE +|] activity impbrt + [éxport[ ]
Dromfactor] Htaxg 0 taxd tarifts ~ [Chaxes
EG = Z PQC EGQGC + z Ei gov + EXR ﬁrowgov
" a o 1BNG Government
[government[]_ [ government ] + %jg:; SiéOB-OD transfeld Expenditures
Hspending [ Heonsumptioft] AnstitutionsE] g toRoV
GRAV =YG -EG
Government
31 [ government[ ] _[ Igovernment] [ ] governmet] Savings
0 saings § O revenue § [ expenditurg
System Constraint Block
;QFf a = QFSf
32 : f OF | Factor Market
[ demand for[]_[Jsupply of ]
0 factor f [ [ factor 1§
QQC = ;QI NTca +;\ QHC h +QGC +QTC
+QINV, +qginv, +qdst, Composite
33 [ dompositel ] _[ lintermediatk] +D householdi | governmént trafld ctC Commodity
Osupply § E use [ g consumptifn consumptfoh inputTse Markets
+ [ private [] N [ 4overnment[ ] +D stockl_]
Ghvestment]  Gnvestment ] Hchangk]
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; pwm, [QM +DZ)Erowi = pwe, [QF, + ;tr. o +FSAV Current Account
ey Balanc_e for _
Cimport [] Dtransferé,] [ export] transfefg foréign RoW (in Foreign
Bpending] E to Row[H E revenig from ReWY/ saviips Currency)
; PQ, RINV, + ; PQ, [gdst, + Z PQ; [Gginv,
& 3
s | = Y MPS{I-TV\)(fW, ~EXR o ) +GSAV +EXR FSAV avings
infbRe Balance
[ private [] +D stock[ ] governmeht] [J non-goverln] +@overnmentD []foreigh]
Ghwvestment] [ changk] investmerg] E mentsavifigs  [J savings [J Esavmgg
Z PQ, [@wts, = cpi
% Price o
EbncenmaD [Cpl] Normalization
g weights
TABS = ; E; PQC KDHch + PQc [(DGC + PQC [(DI NVC
h c Oc
+ ; PQ, [dst, +; PQ; [dginv,
37 ¢ Total Absorption
U total  [J_[] household[] governmefit] private] D stdck @overnment[
Bbsorption]  Heonsumptiof] [ consumpti¢n investmigt E chdnbe Dnveﬂment g
INVSHRITABS= ; PQ, [QINV, +; PQ, [qginv, +Z PQ. [qdst,
¢ € Ratio of
38 Investment to
g:zniag total  [J_[] private[] governmeht stofK Absorption
rat?(t) sorption ] Hinvestmen investmerg charige
GOVSHRITABS = Z PQ. [QG,
ct Ratio of
39 [government [] Government
[[donsumption-[] total  []_[] government | Consum_ptl onto
[]absorption [] sorption ] [Jeonsumptiofr] Absorption

g raio

Note: *The mathematical statement issimplified in that it does not include domain controls for variables.
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