Chapter 2

A Recursive Dynamic Computable
General Equilibrium Model

Xinshen Diao and James Thurlow

he relationship between economic growth and poverty is complex, especially

in developing countries where inadequate time series data often makes ex

post analysis difficult. This has led to uncertainty over the role of growth in
reducing poverty (see, for example, Ravallion 2003; Deaton 2005; Sala-i-Martin
and Pinkovskiy 2010). At its core, the growth—poverty relationship is determined
by a country’s economic structure, that is, the linkages among sectors, regions,
and institutions. It involves macroeconomic considerations, such as fiscal budgets
and current accounts, and microlevel decisionmaking of producers and households.
It is mediated through (and constrained by) product and factor markets.

Several methods are available to evaluate ex ante the impact of policies and
external shocks in developing countries.! These tend to focus on specific aspects of
the growth—poverty relationship. Farm models, for example, capture detailed behav-
ior of representative producers as they maximize their welfare by allocating resources
between competing activities. However, these models usually treat prices as given
and so evaluate microlevel decisions in isolation from broader markets and macro-
economic effects. In contrast, multimarket models explicitly capture market inter-
actions and estimate price and income changes in response to external shocks.
However, they sacrifice some of the detail of farm models by excluding the decision-
making of individual agents. They also tend to focus on particular sectors, such as
agriculture, and rarely take economywide linkages or resource constraints into
account. An important omission here is factor markets, which often influence a
country’s growth path and income distribution. Finally, multiplier models capture
economywide linkages, but they also tend to assume fixed prices and unconstrained
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factor resources. Each partial equilibrium approach is limited in its coverage of the
growth—poverty relationship and the policy options facing developing countries.
In this chapter we describe a computable general equilibrium (CGE) model
that incorporates many aspects of the growth—poverty relationship. Its general equi-
librium specification reflects a country’s economic structure and linkages and cap-
tures the interactions between different decisionmaking agents in a market-based
economy. Although theoretically grounded, CGE models are calibrated to observed
data and so provide a semiempirical simulation laboratory for evaluating different
policy options. We first describe our economywide framework, before presenting the
CGE model’s mathematical specification. The model’s data sources and calibration
procedure are then described, followed by the poverty and nutrition modules. The
general features and workings of the model are summarized in nonmathematical
language, and the final section identifies some of the model’s main limitations.

Economywide Framework

CGE models are designed to capture the linkages between sectoral and national
economic growth on the one hand and household incomes and poverty on the other
(Figure 2.1). Direct and indirect transmission channels link growth to poverty, and
these are largely determined by a country’s economic structure. Production-side
linkages are influenced by sectors’ technologies. Backward production linkages arise
when producers demand intermediate inputs. When agricultural production
expands, it uses intermediate goods, such as fertilizers and transport, thereby stimu-
lating nonagricultural production. The more input intensive a sector is, the stronger
its backward linkages are. Conversely, forward production linkages account for the
supply of inputs to downstream industries. When agricultural production expands,
it can supply more goods to food processors, which again raises nonagricultural
production.

Consumption linkages occur when houschold incomes are used to buy goods
and services. When agricultural production expands, it raises farmers’ incomes,
which are then used to purchase farm and nonfarm goods. The size of consumption
linkages depends on the share of factor income distributed to households, the com-
position of the consumption basket, and the share of domestically supplied goods
in consumer demand. Evidence from developing countries suggests that consump-
tion linkage effects are much larger than production linkage effects (that is, they
account for 75-90 percent of total growth multiplier effects in Sub-Saharan Africa
and 50—60 percent in Asia; see Haggblade, Hammer, and Hazell 1991). Agricultural
growth multipliers are especially important in Sub-Saharan Africa (Delgado,
Hopkins, and Kelly 1998).

Our model captures production and consumption linkages when evaluating
economic growth. The model contains production functions disaggregated by sector
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Figure 2.1—Economywide conceptual framework
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and subnational regions. Representative producers each have a unique production
technology determining their linkages to other sectors. The production functions
combine the factors of production (for example, land, labor, and capital), and this
generates incomes for factors and households. As with producers, the model dif-
ferentiates among houschold groups, and the distribution of factor incomes depends
on houscholds’ unique factor endowments. Households consume commodities
based on their set of preferences and utility functions. This general equilibrium
structure allows us to trace the contribution of sectoral production to national eco-
nomic growth and to household incomes and expenditures via product and factor
markets.

The model also covers the public sector. The government levies direct and
indirect taxes. It uses these revenues to pay for recurrent consumption spending,
which in turn generates demand for producers’ goods and services. The government
also pays for social grants and makes capital investments. The government may
receive financial assistance from abroad through borrowing or foreign aid. Foreign
markets are also a source of export demand and a supplier of imports. The size of
growth muldplier effects is determined by the combined export-intensity and
import-penetration ratios of individual sectors. A country with high export intensity
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faces less stringent domestic demand constraints, whereas a higher import penetra-
tion ratio means greater competition from foreign producers. The CGE model
captures these interactions with the rest the world by using trade functions and
tracking international transfers. Finally, our CGE model is recursively dynamic.
Savings are collected into a national pool and are used to finance investment.
Investment is converted into capital stocks to determine the rate of capital accumu-
lation. Changes in factor supplies and productivity determine the overall rate of
economic growth in the country. In some cases the rate of technical change is linked
to the level and composition of investments.

Mathematical Specification of the Model

Following the tradition of general equilibrium theory, perfect competition is a key
assumption in our CGE model, at least for domestic product markets. By assuming
a market-based economy, our model solves for the equilibrium between demand
and supply of individual factors and products, as mediated by changes in relative
prices. Given the model’s multisector, multifactor, and sometimes multiregional
setting, the economic structure of an economy (to which to the model is calibrated)
will affect the ability of producers and consumers to respond to changing prices.
Economic structure therefore influences changes in the distribution of incomes
across household groups. The process of calibrating the model to the structure of
an economy is described later in this chapter. Here we present the model specifica-
tion using a series of mathematical equations that explain the behavioral responses
of economic agents (for example, consumers, producers, and the government).
Because this is a general equilibrium model, we also present equations that maintain
economywide or macroeconomic consistency. We then discuss the dynamic pro-
cesses of the model. The concluding section of this chapter discusses some of the
model’s main limitations.

Consumer Behavior

For a recursively dynamic model, consumer behavior is assumed to be the same as
in a static model. Thus, typical consumers (and there can be more than one in the
model) maximize their welfare (represented by a utility function) facing a budget
constraint. Using a Stone-Geary utility function, the consumer problem can be pre-
sented mathematically as:

MaxHj(Chj - 'th)ﬁlyj

subject to Z](P] "G = (1-s5,-1)Y,
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wherej€/and b € H, and Jand H are sets for commodities and households, respec-
tively. C is the level of consumption for good ; consumed by household 4,
Y is a minimum subsistence level of consumption for good j, and B stands for mar-
ginal budget share (that is, the share of the next “dollar” of income spent on good
7). Consumption-based udility is maximized subject to the budget constraint equa-
tion, in which P is the market price faced by the consumers, s is the saving rate
(defined later), #y is an income tax rate, and Y'is total income.

Savings of household 4 is equal to 5,Y,. In a recursive dynamic model, con-
sumers’ saving decisions cannot be solved simultaneously with their consumption
decisions, because they face an intratemporal maximization issue rather than an
intertemporal one. Savings rates in recursive models are usually an exogenous vari-
able, which is similar to Solow-style growth models, in which the total amount of
savings adjusts over time in proportion to income levels. This choice greatly simpli-
fies the dynamics in recursive models, because savings cannot be used to smooth
consumption over time, as is the case in Ramsey-style intertemporal dynamic
models.? This is an obvious caveat of our model. However, the dynamic optimiza-
tion issue is less important for our purposes, because we are less concerned with how
to allocate income over time to maximize a time-discounted utility function and
reach steady-state equilibrium. Rather, the model developed in this chapter is used
to evaluate structural linkages and economic growth paths over a relatively short
period of about 10-15 years. A longer period is normally required for intertemporal
optimization problems. Moreover, factor accumulation and technical change, rather
than savings, are the sources of economic growth in our model. This assumption is
reasonable, given that private savings are usually very low in low-income African
countries.

Maximizing the consumer utility function generates the following set of
demand functions, which are the equations applied in the CGE model for the
consumer problem:

C/;]‘ = th+ Bh][(l - Sh - lJ’h)I//, _ZI(PZ ’Y/,i)]li‘_l) (1)

where 7 € /. Equation 1 is known as a linear expenditure system (LES) of demand.
It permits changes in consumption patterns over time, because the subsistence level
of consumption Y can vary across products and so cause the pattern of additional
spending to differ from past spending. In the other words, unlike the Cobb-
Douglas demand system, the LES allows for nonunitary income elasticities of
demand. Therefore, although all goods are assumed to be normal (that is, have a
positive income elasticity), the LES can distinguish between necessity goods (elastic-
ity less than one) and luxury goods (elasticity greater than one). When marginal
rather than average budget shares enter the demand system and there is non-
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zero subsistence consumption of basic commodities, then the various consumers
in the model will respond differently to similar changes in incomes and market
prices. For example, when household incomes rise, poor households may increase
the share of their income spent on foods (that is, with an income elasticity greater
than one), whereas rich households may reduce their food expenditure share
(that is, with an elasticity less than one). This variation in responses explains why
CGE models usually consider multiple types of consumers (or household groups),
often distinguished by geographic location, rural or urban areas, income sources,
or poor/nonpoor status. As discussed below, income elasticities are usually esti-
mated econometrically using nationally representative household expenditure
surveys.

Producer Behavior

Producers are defined at the sector level. A typical producer maximizes profits, given
a set of input and output prices. Consistent with neoclassical general equilibrium
theory, we assume constant returns to scale technology. Accordingly, a constant
elasticity of substitution (CES) function is chosen as the production function for
each sector:

~1/n.
X = A, (]Zaf I{,fpi) Pi feF, )

where Xis the output quantity of sector 7, A is a shift parameter reflecting total factor
productivity (TFP), V'is the quantity demanded of each factor f (land, labor, and
capital), Fis the set of factors, and o is a share parameter of factor f'employed in
the production of good 2. As with any production function, producers combine
the factors of production to produce a certain level of output. Here p is a parameter
to capture the substitution relationship between factors, that is, p transfers the
elasticity of substitution, G, in the following way: p (6 =1/(1 + p)). Thus, unlike a
Cobb-Douglas function, in which the substitution elasticity is always unitary, the
CES production function allows for a wider range of substitution possibilities
between different factors in response to relative price changes. A higher elasticity
means that it is easier for producers to switch between factors (that is, the system is
more responsive to relative factor price changes), whereas a low elasticity represents
a more rigid factor market system.

Profits T in sector 7 are defined as the difference between revenues and total
factor payments:
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where PVis the value-added component of the producer price, and Weis factor price
(for example, labor wages and land or capital rents). Maximizing sectoral profits
subject to Equation 2 and rearranging the resulting first-order condition provides
the system of factor demand equations used in the model:

o PV o
I/lf:Al +pl)(l(alf7) "‘pz" (3)
f

Equation 3 shows how demand for an individual factor V falls when its cost W
rises relative to the composite price of all other factors PV. It should be noted that
itis relative rather than absolute price changes that matter in the CGE model. If PV
and Wincrease or decrease at similar rates, then factor demand is unaffected (factor
demands will increase proportionally with changes in output X).

Intermediate inputs are also used in the production process. Leontief technol-
ogy is assumed for the relationship between intermediate input use and gross out-
put. Demand for intermediates is determined by the fixed input—output coefficients
ioi between good 7” used in the production of output 7. The complete producer
price PP is then defined as:

PP,= PV, +3,Pio,. (4)

Equation 4 shows how the producer price is not only affected by PV, which is
a combination of factor prices taking into consideration sector-specific technology.
It is also affected by the prices of intermediate inputs weighted by the intensity of
their use. The equation indicates possible interindustry linkages through competi-
tion for similar factors among sectors and through competition over the supply of
intermediate inputs. These production linkages are best captured by a general equi-
librium model that accounts for the use of both factors and intermediates in the
production process. This consideration is important for our analysis, because pro-
duction linkages are usually weaker for traditional agriculture, which typically uses
few modern intermediate inputs (for example, fertilizer). Resource constraints and
price responses are also important considerations when evaluating the relationship
between economic growth and poverty reduction.

Behavioral Functions Governing International Trade

In most partial equilibrium and theoretical general equilibrium models, interna-
tional trade occurs when domestic demand does not equal domestic supply. Imports
are defined as excess demand for a particular good, whereas exports are excess supply.
In this framework, it is impossible to have both imports and exports for the same
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good, because domestic and foreign goods are implicitly assumed to be perfect
substitutes. Such an assumption may be acceptable when analyzing a highly dis-
aggregated commodity. However, more aggregated commodity groupings and dif-
ferent varieties can result in simultaneous imports and exports for what would
appear to be a single commodity (for example, white and yellow maize). In fact,
trade data reveal two-way trade for most commodities and most countries. For
manufactures, one can readily assume that a traded commodity is in fact a group of
different varieties of the same good (for example, textiles or vehicles). Consumers
have preferences not only for the commodity but also for varieties of a given com-
modity. Observing this phenomenon, Armington (1969) developed a structural
model in which a domestically produced and consumed good is an imperfect sub-
stitute for similar imported goods. This approach has become the standard approach
in CGE modeling to capture two-way trade (when such trade is observed in trade
data). We therefore also assume imperfect substitution between domestic goods and
goods supplied to and from foreign markets. CES functions are used to define the
relationship between domestically produced and imported goods:

Q=9 [1,- D%+ (1+ )M 0o ®)
(1-1)P-Q=PD,-D,+PM - M, ©)
PM.= (1 + tm)pwm,,

where Q is the shift parameter in the function and g, is the share parameter for
domestically produced good D, in the composite good Q;, while M, are imported
quantities of the same good to supply the domestic market, 0, is the parameter to
capture the substitution relationship between imported quantities and domestically
produced quantities to form Q,, PD,is the price of D, #c is an indirect sales tax, #m
is the import tariff rate, and pwn is the world import price. Substitution occurs when
the relative price of a domestic and imported good changes. For example, if the
import price remains unchanged, then domestic goods will substitute for imports
if the domestic price falls. Domestic prices may fall if, for example, productivity
increases. Similarly, lowering tariffs through trade liberalization should cause import
prices to fall relative to domestic prices. The import price PM in our model is deter-
mined exogenously by world import prices pwm and import tariff rates 7 under
the small country assumption. When import prices fall, imports substitute for
domestic goods, causing domestic production to fall. Both situations are plausible.
Thus, an advantage of CGE models is that they capture both direct and indirect
substitution effects.



A RECURSIVE DCGE MODEL 25

Imperfect substitution is also assumed for exports. A constant elasticity of
transformation (CET) function determines the relationship between the quantity
of goods produced for domestic and foreign export markets:

X =TI [t,- DY+ (1 +1)E®|"ei 7)

PPX. =PD.- D, + PE. - E (8)
PE, = (1 — te)pwe,,

where I'is the shift parameter in the function and 7, is the share parameter for
domestically produced good D, in total output of good X, while £, is exported
quantities of X, ¢, is the parameter to capture the substitution relationship between
exported quantities and domestically produced quantities of X, 7 is the export tax
rate, and pwe is the exogenous world export price. Analogous to import substitution,
the CET export function allows producers to switch between supplying domestic
and foreign markets, depending on relative price changes. If domestic prices rise
relative to export prices, then producers increase supply to domestic markets and
reduce exports in order to maximize revenues. Similarly, when world prices (and
hence export prices) increase, such as during the recent food-price crisis, then pro-
ducers will increase exports and reduce domestic supply. This decision may be offset
by rising domestic prices caused by reduced domestic supply.

The level of imports and exports for an individual commodity is solved using
Equations 5-8. Maximizing P.Q,— PD,D,— PM M, subject to Equation 5 and rear-
ranging the resulting first-order condition gives the following equation defining the
ratio of D and M:

©)

D (W PM\lg.e)
- \T-w, 75
Similarly, minimizing PP X;— PD,D,— PE E, subject to Equation 7 gives the ratio of
D and E:

Di ( Ti Pl)i)l/(q’il) (10)

E ~\1-7 PE

The above two equations specify the substitution responses described earlier
(between relative prices and quantities). The ease with which producers or consum-
ers switch between domestically produced and foreign goods is determined by
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elasticities of substitution 8 and ¢. Larger elasticities permit greater responsiveness
to relative price changes. These elasticities can be estimated based on historical
quantity—price relationships using econometrics or back-casting techniques (see, for
example, Arndt, Robinson, and Tarp 2002).

Equilibrium Conditions

A key difference between partial and general equilibrium models is the determina-
tion of prices. In most partial equilibrium models, prices are either exogenously
given or determined by predefined price functions. In general equilibrium theory,
all factor and commodity prices are determined endogenously by market equilib-
rium conditions. Without international factor mobility, factor prices W are fully
endogenous. To simplify our discussion, we initially assume that all factors are
fully employed and mobile across sectors. This implies the following factor market
equilibrium condition:

2Y=75, ay

where VS, is the total factor supply and Vi is factor demand in each sector (deter-
mined in Equation 3). Total factor supply is fixed in any given year. Any changes to
VS, must be determined exogenously or independently of the forces influencing V.
Equation 11 determines factor returns W, which are therefore affected by sector-
level factor demands and the total supply of each factor.

The second key feature distinguishing general equilibrium models is their treat-
ment of household incomes, which, via the budget constraint, determines consumer
demand for individual commodities. Partial equilibrium models often treat income
as an exogenous variable or something determined by forces other than the produc-
tion system. In general equilibrium models, income is generated from the returns
earned by factors (and by remittance transfers, when they exist). To simplify our
discussion, we assume all factors are owned by households,? such that household
income Yis determined by

= 230 - 4% - 1 (12

where § is a coefficient matrix that sums to one and determines the distribution of
factor earnings among individual households. Direct taxes #f, are imposed on total
factor V_Sj}’s earnings (for example, corporate taxes on capital profits). The distribu-
tion of factor incomes is determined by households’ factor endowments. For exam-
ple, higher income households are usually better endowed with capital and skilled
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labor, and so these households receive the most capital profits and a larger share of
skilled labor’s wage income than do lower income households. The value of § is
therefore the driving factor behind distributional outcomes in our model. As dis-
cussed in the next subsection, information on household income sources is drawn
from household survey data.

Domestic prices are determined by equilibrium conditions in the product
market. As foreign demand and exports are determined in Equations 9 and 10,
market equilibrium can be defined in terms of the composite good Q instead of D
as follows:

Q= ;C,.,,+1\/;+ G, + L (ig, - X)), (13

where Vis investment demand and G is government recurrent consumption spend-
ing (both defined later). Changes in right-hand-side variables in Equation 13 reflect
shifts in demand, whereas changes in Q represent changes in supply. When changes
in total demand and supply are unequal, then domestic prices D, and hence 2
change to establish a new market equilibrium.

The relationship between savings and investment demand &V, and taxes and
government spending G, will be specified below. However, in the absence of taxes
or savings (that is, when #y, #f 5, IV, and G are all zero), the above 13 equations
simultaneously solve for the values of the 13 endogenous variables (¥, C X, V Q,
D, M, E, B PV, PP PD, and W). The general equilibrium solution defined by
the equations only holds if there are no foreign transfers, implying a zero trade bal-
ance. This assumption is often made in simple theoretical general equilibrium
models, but it is rarely used in CGE models, which need to be calibrated to observed
data for a country. Later we introduce foreign transfers and current account im-
balances. Before doing this, however, we first define government G and investment

demand V.

Government and Investment Demand

The government in our CGE model appears as a separate institution with incomes
and expenditures but without any behavioral functions. In other words, its decision
to either consume or invest is not solved as an optimization problem. Total domestic
revenues R is the sum of all individual taxes:

Rzz(tfi'])i'Qi+tmi'Pwmi'M+tei'Pw"i'E)+ (14)

Do, ) +Z0ef W VS).

h
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Tax rates are typically exogenous in a CGE model so that they can be used to
simulate policy changes. The government may also receive income from abroad,
such as via foreign grants or borrowing and from holding assets. These additional
income sources are discussed below when we introduce macroeconomic closure.

Tax rates are typically exogenous in a CGE model so that they can be used to
simulate policy changes. Although the government does not attempt to maximize
revenues by endogenously Changing tax rates, its revenues increase at given tax rates
when the economy grows. This allows the government to increase savings and
investment, create more public goods, and enhance productivity for the private
sector. African governments usually receive additional nontax income from abroad,
such as via foreign grants/borrowing and from holding assets. These additional
income sources are treated as exogenous to the model and are discussed below when
we introduce macroeconomic closure.

The government uses its revenues to purchase goods and services (that is, recur-
rent consumption spending) and to save (that is, finance public capital investment):

R=Y(P- G)+FB, (15)

where G is consumption spending from Equation 13 and FB is the recurrent fiscal
balance, which can be positive to represent surplus and negative to represent deficit.
Because we do not have behavioral functions that optimize revenues and expendi-
tures, our model does not endogenously balance government accounts. Rather, we
assume that G is determined exogenously, implying that an increase in government
revenues causes the fiscal surplus (or public savings or investment) to expand (or the
deficit to contract). The fiscal balance FB is therefore merely a residual balancing
item. In reality, the government also makes transfers to (and receives incomes from)
households and firms (such as social grants and contributions). Such transfers are
captured in the model as either fixed values or in proportion to changing household
populations or incomes. Although such transfers are considered in the CGE model,
we exclude them here to simplify the equations.

There is also no behavioral function determining the level of investment
demand for goods and services (/V from Equation 13). The total value of all invest-
ment spending must equal the total amount of investible funds 7 in the economy.
We therefore assume that the value of NV for each good 7 is in fixed proportion to
the total value of investment:

I-¢=P"-N, (16)
where € is the value share for each good 7 and P is the market price determined by
the equilibrium condition in Equation 13. To determine the value of / we must
define the macroeconomic closure.
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Current Account and Macroeconomic Closure

Macroeconomic balance in a CGE model is determined by a series of closure
rules. The most important of these is for the current account balance. Neoclassical
general equilibrium theory does not permit current account imbalances. How-
ever, CGE models are often calibrated to observed data for a country, where current
accounts are invariably imbalanced. Thus, our model will not be able to achieve
equilibrium unless we include external financial flows, such as incomes from hold-
ing foreign assets or the government’s external borrowing or foreign aid receipts.
Current account imbalances must be accounted for, because they affect the real
economy via the relationship between exports and imports and between savings and
investment. To incorporate these considerations into our model, we start from the
well-known identity linking a country’s current account balance CA to national
savings S and investment /:

CA=TE-TM - NFI=S8-1=ANFA, (17)

where TE = 2(pwei - E)and TM = Z(pwmi - M).

The left-hand side of the identity states that a country’s current account balance
is equal to its trade balance (7E —7M) less net foreign incomes NFL A country is
therefore running a current account surplus when the sum of its trade balance and
NFI is positive, in which case national savings exceed national investment and there
is an accumulation of net foreign assets VFA. Total savings in the economy is the
sum of all household savings and the government’s recurrent fiscal balance:

S=(s,- V) + FB. (18)
h

Before discussing the adopted closure rules, we must first expand two previous
equations to include the foreign transfers received by households and the govern-
ment (that is, the components of NPI). We rewrite Equations 12 and 15 as:

Y, = 8,1~ £IW, - V) + huw, (12)
if
R+rw=Y (P-G)+FB, (15)

where hw are foreign transfers received by households (for example, remittances)
and 7w are incomes earned by the government (for example, foreign aid). If transfers
are negative, then they denote net foreign payments (such as interest paid on foreign
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debt). Given these new Equations 12" and 15’, the value of NFI in Equation 17
can be defined as

NEI=Y hw,+ ru

We cannot model /w and rw endogenously, because they are determined by
the workings of the global economy and our model is only for a single country.
These two variables (and hence NFI) are therefore exogenous in the model. The
current account balance CA may not be equal to VFT if there is a trade surplus or
deficit observed in the country’s data. When CA is greater (less) than NFI, the
country runs a trade surplus (deficit), and total exports are greater (less) than total
imports plus /VFI. For the external account, the first closure rule is to treat the cur-
rent account balance CA as an exogenous variable, thus controlling its effect on the
macroeconomic behavior of the model. For a given level of CA4, the level of total
exports and imports can change, but they have to change simultaneously. For
example, CGE models are often used to simulate trade liberalization. Reducing
import tariffs affects relative prices for different commodities, which in turn affects
imports and exports at the sector and national levels. In this case, total imports usu-
ally increase at a given CA, which then affects relative prices and exports at the sector
level. At the national level, total exports have to increase in response to rising imports
to maintain CA.

The choice of current account closure influences how we select the second
closure rule, which is the identity on the right-hand side of Equation 17. By fixing
CA, we are also fixing the value of ANFA, which means that either total savings S
or total investment 7 (but not both) should be determined exogenously. We call
this choice the “savings—investment” closure, which is a term borrowed from macro-
economics. If the CGE model is savings driven, then 7 is automatically determined
by the level of total available savings (that is, / = § — ANFA). Consistent with
Equation 1, in which s is a fixed parameter, our model specification is savings
driven. Finally, our treatment of the government balance in Equation 15" is in fact
the third closure rule in the model. We choose to make recurrent consumption spend-
ing G exogenous and allow the fiscal balance FB to adjust to changes in revenues R.

Through the introduction of the government, investment demand, and macro-
economic closures, we have included five new equations into the model (Equations
14-18) and five new endogenous variables (R, FB, NV, I, and S).’ Together, the 18
equations and variables describe a static single-country model. Our current account
closure fixes the national trade balance. The government closure implies that chang-
es in revenues alter the fiscal balance (and hence public investment). In our savings-
driven closure, total investment adjusts to match total savings. To determine the
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lasting consequences of changing investment levels, we have to introduce dynamics
into the model.

Recursive Dynamics

Most CGE models are essentially static in nature. As mentioned earlier, consumers’
demands are derived from a one-period utility function. Saving rates are not en-
dogenously determined by an intertemporal utility function, and so they are not
used to smooth consumption over time. Investment and capital accumulation rates
are therefore not intertemporally determined either. Rather, the dynamics in our
CGE model is defined as a recursive process. Thus, we can completely separate the
model into within-period and between-period components.® The equations pre-
sented above fully specify the within-period component, in which consumers and
producers maximize their utility and profits based on prevailing factor and product
prices (that is, without forward-looking expectations). Then, between periods,
certain exogenous variables in the static model are updated based on either externally
determined trends or previous period results. We describe these two kinds of updating
procedures in turn.

Various external trends are imposed on the model. Although not shown in
Equations 1-18, each variable in the model has a time subscript associated with it.
The two most important trends are changes in factor supplies (a proxy for popula-
tion) and productivity, which are represented by VS in Equation 11 and A in
Equation 2. The first two dynamic equations update these exogenous variables:

V_Sﬂ+1 = V—S}t(l +guy), where f# k (19)
Ait+ 1= Ait(l + gpzt) (20)
G =G +gg), 1)

where 7 is the time subscript in the simulation period (for example, years), 4 is a
subset of f'containing the capital factor, gv is the change in supply for factor f in
period # gg is the rate of change in recurrent government spending, and gp is the
change in sector 7’s production function’s shift parameter (that is, TFP) in period
t. Capital supply is excluded from Equation 19, because, as discussed below, it is
based on previous period results. Population growth enters the model via changes
in labor supply. However, with nonunitary income elasticities (that is, unequal
marginal and average budget shares), consumer demand in Equation 1 must be re-
specified in per capita terms. Equation 21 shows how government consumption
spending G is updated every period based on exogenous trends in is the rate of
change in recurrent government recurrent spending gg. All other parameters in the
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model are fixed values. These include, for example, tax or saving rates (#, s, respec-
tively), share parameters (J3), and foreign transfers (£S5, hw, and rw).
Between-period updating may also be based on results from the previous
period. Sectoral capital accumulation rates are endogenously determined in the
model based on investment levels from the previous period. The amount of new
capital is determined by dividing total investment / by the capital goods price. This
amount is added to existing capital stocks after adjusting for depreciation. Assuming
only a single type of capital that is mobile across sectors, as in the model specified
above, then the following equation captures the capital accumulation process:

I
1) (1 = d)VS,, + = where PK, = z Pe (22)

kr+1 kt P, it i’
t

where 4 is the national depreciation rate, PKis the capital goods price, and € is the
value share for each good 7 in the total investment basket from Equation 16. Because
k is mobile, new capital is allocated endogenously to equilibrate capital returns
aACross Sectors.

In reality, capital is not as mobile as other factors, such as labor, and so we make
it immobile across sectors after it has been invested. This assumption implies that
the returns on capital in each sector no longer have to be equal. We therefore attach
a sector-specific distortion term Zin front of the economy-wide factor return variable
Win Equations 3, 12, and 14. Equation 3 is now replaced by

v, =Afliipz--X'(0€' 'L)I/U*pi’, for f=k 3
o Tz W

where Z is an adjustment factor (0 < Z < o) and is initially set equal to one. An
increase in capital demand in a sector causes Z to rise above one, and vice versa.
Similarly, we replace Equation 22 with a capital stock updating equation defined at
the sector level (that is, in terms of Vinstead of VS):”

/ ,
Viszrl =1- d)vz'kt+ S](z'kz' ﬁ (227
’

The term SK'in Equation 22" is the new capital allocation parameter (0 < SK
< 1) and specifies how much investment is directed toward each sector. The sum of
the SK factors therefore equals one. We follow the approach of Dervis, de Melo, and
Robinson (1982) by defining SK as:
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S](z‘kt = SPi/ez tw-SP

SR, — AR,
ikt ( . )’ (23)

AR,

where SP is the current sectoral share in aggregate profits, SR is the sectoral profit
rate (equal to ZlfV@), AR is the economywide average profit rate, and @ is an invest-
ment mobility parameter. In this simple specification, new capital is allocated in
proportion to each sector’s share in aggregate capital income, adjusted by the sector’s
profit rate relative to the average profit rate.® Sectors with higher than average profit
rates receive a larger share of investible funds than their share in aggregate profits.
Note that the specification in Equation 23 allows us to drop the assumption of only
a single type of capital in the set F. This investment allocation procedure is known
as a “putty-clay” specification, because new capital is mobile, but once invested it
becomes sector specific. More detailed descriptions of the model parameters, vari-
ables, and equations can be found in Tables 2A.1 and 2A.2.

The above discussion presents our core CGE model. In summary, the CGE
model describes the interactions of various agents, such as houscholds, producers,
and the government, in a market-based economy. We capture sectors’ technologies
via input coefficients, and we allow these to adapt to relative price movements by
allowing imperfect substitution in the production and trade functions. While cap-
turing the structure and behavior of individual representative households, we main-
tain the macroconsistency of microlevel decisionmaking through our general
equilibrium framework. The next two sections summarize the model specification
in more accessible language and then describe how it is calibrated to empirical data.
However, we conclude this subsection by describing some features of the model that
were not shown in the above equations.

Regional Production and Marketing Costs

We extend the core CGE model described above in two areas.” First, we introduce
marketing margins or transaction costs into the model, so that there is a wedge
between producer prices PPand market prices 2 These transaction costs are imposed
on domestic, exported, and imported goods, and they generate demand for the
domestic trade and transport services sectors (see Lofgren, Harris, and Robinson
2001).

Second, we disaggregate production across subnational regions (that is, the
variables X, Z, PP and V have regional subscripts). All regional producers have their
own production functions and technology coefficients, and they often use region-
specific factors, such as agricultural land and farm labor. All regional producers
supply their output to a national product market, which avoids having to model
interregional trade flows that are usually difficult to measure. Output from each
region is combined into a composite national good using a CES aggregation func-
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tion. Although a single national price exists for each commodity, producers may
incur region-specific transaction costs when supplying the national market. Producer
prices therefore vary across regions. We also disaggregate households by region,
although this is done by calibration rather than by the use of regional subscripts.

These two extensions to the core model allow us to reflect spatial heterogeneity
in geographic conditions and marketing constraints. These considerations are
important for developing countries, where markets are often underdeveloped, and
for agriculture, which depends on agroecological and climatic conditions.

Calibrating the Model to Country Data

One of the main advantages of CGE models over (more complex) theoretical mod-
els is their calibration to detailed empirical data. “Calibration” refers to the process
of assigning values to the model’s parameters and variables, typically using observed
country data. Some of the assumptions made when specifying the CGE model were
done to ease its calibration, because in many cases the data needed for more complex
functional forms are unavailable in developing countries. For example, the LES func-
tion used to determine consumer demand assumes that income elasticities remain
constant. More elaborate functions often drop this assumption, such as in the
“almost ideal demand system.” However, we retain the LES function, because it
requires data that can readily be obtained from household surveys (for example,
expenditure shares and income elasticities). Calibrating the behavior of more com-
plicated functional forms often just involves making more assumptions where data
are unavailable. This section describes the data sources and estimation procedures
used to calibrate our CGE models.

Social Accounting Matrixes

The values of almost all variables and parameters in the CGE model are drawn from
a social accounting matrix (SAM).!° Constructing a SAM is therefore a fundamental
part of developing a CGE model. A SAM is an economywide representation of a
country’s economic structure. It captures all income and expenditure flows among
producers, consumers, the government, and the rest of the world during a particular
year. Table 2.1 presents the structure of a SAM that could be used to calibrate the core
model described above. The SAM contains a number of “accounts” representing dif-
ferent agents in the model, including sectors (producers) and households (consumers).
The rows and columns of the SAM represent incomes and payments, respectively,
from one account to another. As with double-entry accounting, the SAM is a consis-
tent economywide database, because row and column totals must be equal. In other
words, a payment from one account always becomes an income for another. The SAM
therefore provides the base-year equilibrium state for the CGE model.
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A SAM is constructed in two stages. During the first stage, data from different
sources are entered into each of the SAM’s cells. As with the CGE model, the SAM
allows for multiple sectors and households. Thus, the sector, product, and house-
hold rows and columns actually contain many subaccounts. The three main data
sources for constructing a SAM are national accounts, input—output tables (or
supply—use tables), and nationally representative houschold budget surveys. As
shown in Table 2.1, national accounts provide information on the composition of
GDP at factor cost (that is, sectoral value-added) and by broad expenditure groups
at market prices (for example, C+ I+ G+ E— M). The technical coefficients in the
input—output table are used to estimate intermediate demand based on sectors’
levels of GDP or gross output. It also disaggregates government and investment
demand across products. The household survey is used to segment labor markets
(that is, disaggregate labor income into different groups, such as by education). The
survey also defines households’ expenditure patterns and the distribution of factor
incomes to representative household groups. The survey data are therefore the main
determinant of differential income and distributional effects across household
groups in the CGE model.

Other databases are used to complete specific cells in the SAM. Government
budgets provide information on tax rates, revenues, and expenditures. Although
not shown in the table, government budgets (and household surveys) also deter-
mine the level and distribution of social transfers. Customs and revenue authorities
provide data on imports and exports and their associated tariffs and subsidies. The
balance of payments, usually compiled by a country’s central bank, is used to popu-
late the external or “rest of world” account, including information on transfer
receipts and payments and the current account balance. Finally, sectors in our
SAMs are usually disaggregated across subnational regions using information on
regional production and technologies from agricultural and industrial surveys.
Trade margins, which are not shown in the table, are estimated using information
on producer and consumer prices. Trade margins may also be drawn from input—
output or supply—use tables.

There are inevitably inconsistencies between data from different sources, which
lead to unequal row and column totals in our SAMs. The second stage of construct-
ing a SAM is therefore to balance these totals. This reconciliation of data from
disparate sources is similar to a rebasing of national accounts. We use cross-entropy
econometric techniques to estimate a balanced SAM (see Robinson, Cattaneo, and
El-Said 2001). This procedure is a Bayesian approach that uses a cross-entropy
distance measure to minimize the deviation in the balanced SAM from the un-
balanced SAM containing the original data. Constraints are imposed during the
estimation procedure to reflect narrower confidence intervals around better-known
control totals (for example, total GDP). Table 2.1 shows which cell entries in the
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balanced SAM are used to calibrate the model’s variables and parameters. From this
table it is clear that the SAM and its underlying data sources provide almost all the
information needed to calibrate the CGE model. Only the behavioral elasticities
remain (3, p, 6, and @).

Behavioral Elasticities and Other External Data

Behavioral elasticities are needed for the consumption, production, and trade func-
tions. The LES demand function requires information on income elasticities and
the Frisch parameter (see Frisch 1959). We econometrically estimate income elastici-
ties using the same household survey data on which the SAM is builg, following the
approach described in King and Byerlee (1978). Marginal budget shares (§ in
Equation 1) are derived by combining the estimated income elasticities with the
average budget shares drawn directly from the SAM.

Trade elasticities determine how responsive producers and consumers are to
changes in relative prices when deciding to supply goods to or purchase goods from
foreign markets. Higher elasticities are expected when substituting between more
homogenous products, such as maize and copper. Lower elasticities are expected for
more differentiated product categories, such as chemicals and machinery. In most
developing countries the data needed to econometrically estimate country-specific
elasticities do not exist—not, at least, in an appropriate form (see Arndt, Robinson,
and Tarp 2002). We therefore assign values to our two trade elasticities (8 and @ in
Equations 5 and 7) using global estimates from Dimaranan (20006).

The elasticities governing factor substitution in the production functions (p in
Equation 2) rarely exist for developing countries. In the absence of reliable country-
specific estimates, we assume elastic factor substitution for most activities (that is,
6 > 1: 0 is a transformation of p). This assumption is consistent with recent meta-
analyses of econometrically estimated elasticities (see, for example, Boys and Florax
2008) and cross-country econometric analysis (see Behar 2009).

Finally, the SAM provides information on values but not on quantities. We
therefore use external data sources to calibrate the model’s production output X and
factor quantities V. For example, crops’ land use and gross output are calibrated to
match agricultural data on harvested area (in hectares) and production quantities
(in metric tons). Observed labor employment numbers are also used to determine
sector-specific wages (Z in Equation 3”). In such cases, factor and product prices in
the model are not normalized to one, but rather reflect observed prices.

Baseline Dynamics

The model is calibrated to the base year reflected in the SAM. It is then run forward
over time to create a baseline growth path—normally a series of years. The baseline
scenario is therefore determined by annual growth in factor supplies and produc-
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tivity. The growth rates of factor supplies (apart from capital) and productivity are
calibrated to observed historical trends. For example, changes in labor supply are
usually based on population projections for rural and urban areas and on labor force
participation rates for workers with different education levels. Similarly, agricultural
land either expands alongside rural population or is calibrated to long-term trends
in total harvested land area from historical data. The annual growth capital stocks
are targeted so that they grow at a relatively smooth rate in relation to GDP This is
done either by assigning base-year capital-output ratios or by adjusting the price of
capital PK.

After a suitable baseline scenario has been calibrated, it is possible to conduct
counterfactual simulations. Alternative growth paths are evaluated by changing
exogenous variables in the model from baseline levels. The model is re-solved, and
deviations from the baseline are attributed to the simulated change in policies or
external factors. The model is therefore an ideal tool for ex ante evaluation of devel-
opment options in countries where historical evidence is lacking and ex post analysis
is impossible. Even though the model’s general equilibrium specification is based on
economic theory, its detailed calibration to observed data provides a quasi-empirical
laboratory for conducting complex experiments within a consistent modeling
framework.

Linking to Poverty and Nutrition Modules

The houschold survey provides detailed information on the income and expenditure
flows of individual respondents. Some of this information is lost when it is aggre-
gated into representative households in the CGE model. To retain as much informa-
tion as possible, we link each representative household in the model to its cor-
responding household in the survey. Changes in household consumption quantities
in the model are passed down to the survey and used to update the consumption
levels of corresponding respondents:

C.
HH" = HH" . . c it where g:5—> h, (24)

ist ist—1
iht—1

where s is the survey’s detailed household, C'is the quantity of aggregate commodity
7 consumed by representative houschold /4 in the model (see Equation 1), and HH
is the quantity of detailed commodity 7 consumed by houschold s in the survey.
g represents the mapping relationship between survey's detailed households and the
more aggregate households in the CGE model (a many-to-one mapping). Equation
24 shows how annual consumption changes in the model cause proportional changes
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for corresponding survey households. We therefore assume that all survey house-
holds in a group experience the same proportional change in consumption. However,
the different consumption patterns of survey households mean that changes in total
consumption levels will vary across houscholds in each group:

HT, = S.(HH, - s, 25)

where HT is total consumption of the survey household sand ps is the price of com-
modity 7 paid by household 5. We fix ps at base-year levels (or normalize it to one if
price and quantity data are not identified separately in the survey), so that HT
reflects real consumption changes. We compare HT to base-year poverty lines to
determine whether a survey household is classified as poor or nonpoor in each time
period and simulation. From this we can calculate standard poverty measures.!! Our
poverty module is top-down: we do not impose consistency in absolute consump-
tion changes between the CGE model and the microsimulation module. It is also
expenditure based, because consumption changes rather than factor income changes
are passed down to the survey.'?

A similar top-down approach is used to estimate changes in households’ nutri-
tional status. Consumption quantity data from the household survey is combined
with calorie tables to calculate initial caloric availability. As with Equations 24 and
25, model results on changes in food consumption quantities are then applied to
the survey data to estimate changes in total household caloric availability adjusted
by adult equivalence scales (see UNU, WHO, and FAO 2004). This measure is
compared to a “malnutrition line” to determine changes in calorie-deficiency rates
for each time period and simulation. The nutrition module retains the detailed
information in the houschold survey and accounts for size and demographic struc-
ture when determining the minimum number of calories required by each

household.

Summary of the Model

As discussed in this chapter, an important factor determining the contribution of
sectors to economywide growth is their linkages to the rest of the economy. For
example, agriculture’s proponents argue that agriculture has strong growth linkages.
Both consumption (forward) and production (backward) linkages are captured in
our CGE model, whose nested CES production functions allow producers to gener-
ate demand for both factors and intermediates when maximizing profits. To reflect
the heterogeneity of producers, our models are calibrated to detailed SAMs that
distinguish among multiple sectors, regions, and products. Products are traded
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within national markets (that is, the model does not capture trade flows among
subnational regions). The CGE model identifies multiple types of factors, including
capital, labor, and cropland. Land and labor are usually disaggregated across skill
groups and subnational regions. Both land and labor can be reallocated or migrate
across sectors in response to endogenously determined factor demands. In contrast,
capital is immobile and earns sector- or region-specific returns. This detailed speci-
fication of production and factor markets in our model allows us to capture the
changing scale and technology of production across sectors and subnational regions,
and therefore can demonstrate how changes in the structure of growth will influence
a country’s distribution of incomes and household poverty.

The contribution of different sectors to economic growth is influenced by
international trade. For example, some development specialists are skeptical about
agriculture’s role in development. They suggest that import competition has under-
mined agriculture’s growth linkages and that the availability of food imports reduces
the need for investment in domestic agriculture. Furthermore, in agriculture, there
are greater market opportunities for export crops than for food staples. Our CGE
model captures both import competition and export opportunities by allowing
producers and consumers to shift between domestic and foreign markets, depending
on changes in the relative prices of imports, exports, and domestic goods. More
specifically, the decision by producers to supply domestic or foreign markets is
governed by CET functions, whereas the decision to purchase domestically pro-
duced or imported products is determined by CES functions. In this way the CGE
model captures how import competition and the changing export opportunities of
different sectors can strengthen or weaken the linkage between their economic
growth and the resultant poverty reduction.

The relative importance of sectors in improving household livelihoods may vary
considerably. Income and expenditure patterns differ across households, especially
across subnational regions and rural and urban areas. These differences are impor-
tant for distributional change, because the incomes generated by different sectors
will accrue to different households, depending on their location and factor endow-
ments. To capture this process, the CGE model distinguishes among various repre-
sentative households, each of which is an aggregation of a group of households in
nationally representative household surveys. Households in the model earn incomes
through the employment of their factors of production; they then pay taxes, save,
and make transfers to other households. Each household uses its remaining income
to consume commodities under an LES demand system. To retain as much informa-
tion on households” income and expenditure patterns as possible, the CGE model
is linked to a microsimulation module based on a national household survey.
Changes in commodity consumption for each aggregate household group in the



A RECURSIVE DCGE MODEL 41

CGE model are used to adjust the commodity-level expenditures of corresponding
households in the survey. Real consumption levels are then recalculated in the sur-
vey, and standard poverty measures are re-estimated using the revised consumption
measure.

The CGE model makes several assumptions about how the overall economy
maintains macroeconomic balance. These closure rules concern the current account,
the government’s fiscal balance, and the savings or investment account. We essen-
tially assume that a real exchange rate adjusts to maintain a fixed current account
balance. Thus, our model countries cannot increase foreign borrowing but have to
generate export earnings to finance imports. Although this assumption realistically
limits the degree of import competition in the domestic market, it also underlines
the importance of export-oriented sectors, such as high-value agriculture. For the
government account, tax rates and consumption expenditures are determined exo-
genously, leaving the fiscal balance to adjust to ensure that public revenue equals
spending. Finally, we assume that total investment adjusts to changes in national
savings under a closure rule for savings-driven investment. These final two closures
allow the model to capture the negative crowding-out effects of falling government
revenues when the structure of growth shifts toward lower tax-paying sectors, such
as traditional agriculture.

The CGE model is recursive dynamic, which means that certain parameters are
updated between periods based on historical trends or results from the previous
period. Our models are generally run for 10—15 years, with each equilibrium period
representing a single year. During this time the model captures exogenous demo-
graphic and technological changes. Changes in the population, labor supply, human
capital, and TFP are drawn from historical trends. Capital accumulation is deter-
mined endogenously, with previous-period investment generating new capital stock.
Although the allocation of new capital is influenced by sectors’ or regions’ current
shares of gross operating surplus, the final allocation depends on depreciation and
relative profitability. Sectors generating above-average returns in the previous period
will receive a larger share of new capital in the current period.

In summary, the CGE model incorporates distributional change by (1) dis-
aggregating growth across sectors and subnational regions, (2) capturing employ-
ment effects through factor markets and price effects through product markets, and
(3) translating these two effects onto each houschold in the survey according to the
household’s unique factor endowment and income and expenditure patterns. The
structure of the growth—poverty relationship is therefore defined explicitly ex ante
based on observed country-specific structures and behavior. This definition allows
for the model to capture and contrast the distributional outcomes associated with
economic growth in different sectors.



42 XINSHEN DIAO AND JAMES THURLOW

Limitations of the Model

Data Constraints

Even though CGE models address some of the limitations of other ex ante modeling
approaches, they are not without their own limitations. To begin with, they are very
data intensive, which is perhaps the most common criticism lodged against CGE
models. To calibrate the model, it is necessary to construct a SAM, which draws
together information from a wide range of data sources. Often these data are in-
consistent and are imprecisely measured. This problem is obviously a constraint for
most methodologies. However, the process of reconciling a SAM inevitably causes
damage to all data sources. Without knowing the relative merits of each source, it
is impossible to determine whether important information is lost in the SAM esti-
mation process. Because most parameter values for CGE models are drawn from
SAMs and economic structure is a key determinant of simulation results, low-
quality data and poor SAM estimation procedures can greatly undermine the
empirical strength of CGE analysis.

Data concerns are almost impossible to fully address, because errors exist in
every economic instrument or measure. Moreover, data on developing countries are
often of lower quality than elsewhere, which further complicates attempts to accu-
rately calibrate CGE models. Even though these concerns are far from solved,
Africas data problem is becoming less severe with time. Data availability has
improved considerably, primarily because of more frequent and better designed and
implemented household surveys. Household surveys have also helped to strengthen
national accounting procedures. Moreover, methods to reconcile data sources and
estimate SAMs have improved, thanks in large part to cross-entropy techniques (see
Robinson, Cattaneo, and El-Said 2001) and to more standardized approaches.

Unfortunately, there has been less progress in estimating the behavioral elastici-
ties of CGE models. One positive trend is that income elasticities can now be more
readily estimated from household surveys. However, these elasticities are less crucial
for determining model results (see Sadoulet and De Janvry 1995). A more impor-
tant constraint is the lack of country-specific trade elasticities. Most studies are
forced to use cross-country estimates from the literature or estimates from other
countries (hopefully from countries with similar initial conditions). We are forced
to adopt this approach, primarily because long time-series trade data (needed to
estimate elasticities) do not exist for most African countries.

Closure Rules

Ensuring macroconsistency in CGE models requires assumptions or closure rules
that can influence the functioning and results of a model. Many researchers argue
that the importance of closures in determining simulation results implies that CGE
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models are too sensitive to be used for economic analysis, especially for making
policy prescriptions. However, this concern is often overstated. Macroclosures are
usually chosen based on knowledge of a particular country’s macroeconomy. For
example, a flexible real exchange rate is appropriate in most eastern and southern
African countries, where exchanges are allowed to float. In contrast, a fixed exchange
rate closure rule might be more appropriate for those west African countries that
share a common currency. The choice of macroclosure may therefore prove to be a
feature rather than a constraint of CGE models. In other words, it is part of the
simulation design. For this reason, it is essential that closure rules be made explicit,
as we have done in this chapter.

CGE models capture factor markets and resource constraints. However, these
factor markets also have closure rules; that is, we have to select variables to equate
factor demand and supply. By default, we assume that land and labor are fully
employed and that wages adjust to clear markets (see Fields 2009). This decision
was motivated by rural labor shortages during planting and harvesting periods and
by shortages of higher skilled labor in most African countries. However, un- and
underemployed labor may exist in some developing countries. Allowing for slack
resources would increase growth outcomes in the CGE model. By adopting a full-
employment closure rule, we are also assuming that labor markets are functioning
and that wages do indeed adjust to equate demand and supply. The existence of
slack labor introduces rigidity into wage movements, because surplus labor com-
petes and prevents wages from rising in response to increased labor demand. In the
case of Africa, the choice of labor market closure depends on whether the model
needs to capture labor shortages during the cropping season or slack labor available
to the nonfarm economy. In our case, rather than assume slack labor, we model
economic growth though increases in TFP. We also introduce rigidities into factor
markets by segmenting labor markets by skill, land by region, and capital by sector.
We also introduce intersectoral wage differentials.

Coverage and Detail

Single-country CGE models usually make the small-country assumption that world
prices are fixed. In contrast, global CGE and multimarket models explicitly model
production in other countries as well as the trade flows among them (see Hertel 1997;
Rosegrant et al. 2008). World prices are therefore endogenous in these models.
Assuming fixed world prices is problematic when modeling large developing coun-
tries whose production decisions may have global implications. In our African
context, the small-country assumption is less problematic, because African countries
typically play only minor roles in the global economy. A hybrid approach is possible,
in which global and country-level models are linked top down. Changes in world
prices and export demand from the global model are imposed on country-level
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models (see Arndt and Thurlow 2010). This approach retains coverage of global
models, as well as the more detailed structure of country models. However, this is
unnecessary for our purposes, given our focus on domestic sources of growth and
poverty reduction.

Country CGE models capture detailed macro- and microlevel aspects of the
economy. However, this approach typically requires adopting simpler specifications
than those required by more specialized models. For example, farm models often
reflect the fact that households’ production and consumption decisions are non-
separable, whereas our CGE model assumes separability (see Lofgren and Robinson
1999). Similarly, commodities in multimarket models are usually more disaggre-
gated, because they do not require information on microlevel production technolo-
gies. Our CGE model sacrifices such detail to capture general equilibrium effects.

In summary, all models suffer limitations. Ultimately the choice of which
model to use depends on the issues or questions being addressed. In this chapter we
have developed a CGE model that can appropriately be used to examine the growth
and poverty implications of alternative sectoral growth strategies in low-income
African countries. The same core CGE model is used in each case study chapter in
this volume. Each chapter describes the country-specific data used to calibrate the
core model. Thus, any differences in outcomes across case studies are primarily due
to differences in each country’s unique economic structure and growth prospects.
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Table 2A.1—Full dynamic computable general equilibrium model variables and parameters

Index subscripts

iorj
f

Sectors and products; J is the sectoral and commodity set

Factors; F is the factor's set

h Households; H is the household's set
Endogenous variables

AR Average economywide capital rental rate
C Household consumption quantity

CPI' Consumer price index*

D Domestic production supplied to local market
E Export quantity

ER  Nominal exchange rate

FB  Recurrent fiscal balance

FS  Foreign savings (capital inflows)*

G Government consumption quantity*

| Total investment spending

L Transaction cost demand guantity

M Import quantity

N Investment demand for sectoral goods
P Market price

PD  Domestic price (with transaction costs)
PE  Export price

PK  Capital price

Exogenous variables

cd Marketing margin on domestic products
ce Marketing margin on exports

cm  Marketing margin on imports

d Economywide capital depreciation rate
gg  Government consumption growth rate
ap Total factor productivity growth rate

Qv Total factor supply growth rate

hw  Household foreign transfer receipts

io Input coefficient matrix

pwe  World export price

pwm  World import price

w Government foreign transfer receipts

S Marginal savings rates

tc Commodity sales tax rate

te Export tax rate

tf Factor tax rate (for example, corporate tax)
tm Import tariff rate

ty Direct income tax rate

r
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Subnational regions
Time periods

Import price

Producer price

Supply price (without transaction costs)
Total domestic supply price (all regions)
Value-added price

Composite commodity supply (with imports)
Government tax revenues

Sectoral allocation of new capital

Sectoral profit share

Sectoral return on capital

Total domestic supply quantity (all regions)
Factor demand

Total factor supply*

Gross output (by region)

Total household income

Wage distortion term

Export function shift parameter

Production function shift parameter

Region aggregation function shift parameter
Import function shift parameter

Production function share parameter
Household marginal budget share
Non-income-related consumption quantity
Factor income distribution shares
Investment demand value shares

Import substitution elasticity transformation
Consumer price index weights

Import function share parameter

Region substitution elasticity transformation
Factor substitution elasticity transformation
Export function share parameter

Export substitution elasticity transformation
Region aggregation function share parameter
New investment mobility parameter

Source: Authors.
*Denotes fixed by closure.
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Table 2A.2—Full dynamic computable general equilibrium model equations

PM; = ER (1 + tm))pwm, + ZJ Pem;

PE, =ER(1 -te)pwe, + X, Pce;
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(continued)
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Table 2A.2—Continued

l,= ;shvm + FB, + ERFS A20
|I€i = PitNit A21
DV =5, A2

r
Q.= hZcim+ N, + G, +3,i0, X, +L, A23
FS+ zh:hwh INTE prmiM“ - preiE“ A24

I 1
CPI= Y P A25
|
VS, ., = VS,(1+gv,), where f = k A26
A|t+1 = An(l + gpn) A27
G|t+1 = Git(l + ggi() A28
|l
Vi1 = (1= d)Vig + SKiyg W' where PK, = 2 P& A29
I
Sk =SP +wsp, (AR A30
ikt = ©Firke T O g A—Rz

SP.=Z WV Z W, V.
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where r” and r are exchangeable, and k” and k are exchangeable
-1
AR = (zktzirktwktvirkl) (2ktvirkt) A32
irk Iri

Zirktht
SRia= AR, A33

Source: authors.
Note: A bar over a variable indicates that its value is either fixed or exogenously adjusted over time.

Notes

1. For a review of different methods, see Sadoulet and De Janvry (1995) and Francois and
Reinert (1997).

2. See Diao, Yeldan, and Roe (1998) for a discussion of Ramsey-style intertemporal utility
functions and their role in determining consumers’ consumption and saving behavior.

3. Given the existence of by-products (that is, multiple goods from a single sector) and the fact
that the same good can be produced in different sectors, our model actually distinguishes between
sectors (activities) and goods (commodities). However, in this chapter we simplify the exposition by
using the two interchangeably.
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4. In reality, part of factor incomes (for example, the return to capital) can be owned by the
government or foreign institutions. Although this situation is allowed in the model that we actually
implement in each case study, at this stage we ignore nonhousehold factor ownership to simplify the
discussion.

5. Note that our third closure rule made G exogenous in Equation 15.

6. Lofgren, Harris, and Robinson (2001) developed an earlier version of the static component
of our CGE model.

7. For mobile factors, Z and VS remain constant, and Wand V'adjust to clear factor markets.
For sector-specific factors, such as capital, Wand V are fixed, and Z and VS are the adjustment
variables.

8. The equations defining SP SR, and AR are shown in Table 2A.2 in the appendix to this
chapter (Equations A31-A33).

9. The full specification of the model is provided in Table 2A.2 in the appendix to this
chapter.

10. For detailed discussions of SAMs see, for example, Pyatt and Round (1985) and Reinert
and Roland-Holst (1997).

11. Three poverty measures are commonly used in the literature and are also used in this book.
The poverty headcount ratio (or “poverty rate” or “incidence” of poverty) is the proportion of the
population with per capita consumption below the poverty line. The poverty gap (or “depth” of
poverty) is the extent, measured as a proportion of the poverty line, to which a given group of
poor people’s consumption level falls below the poverty line. The squared poverty gap (or “severity”
of poverty) is the average of the squared values of the poverty gaps for different groups of poor people
(see Foster, Greer, and Thorbecke, 1984, for details).

12. For income-based microsimulation modules with occupational choice, see Cogneau,
Grimm, and Robilliard (2003) and Cogneau and Robilliard (2007).
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