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Introduction

This paper documents a dynamic Computable General Equilibrium (CGE) model that
is designed to analyze strategies for achieving the Millennium Development Goals
(MDGs) and, more broadly, strategies for growth and poverty reduction in developing
countries. Our reference to the term “maquette” (French for model, sketch, or layout)
reflects that the model is designed to capture the key processes for MDG achievement in
amanner that is applicable to awide range of countries. When applying the model to any
given country, the key requirement is the devel opment of a country-specific database
that, among other things, summarizes the findings from sector studieson MDGs. In
addition, it may often be necessary to adapt parts of the model structure to country-
specific conditions.

An economywide approach is needed in MDG analysis given that the pursuit of key
MDG-related policies typically has effects across the economy that feed back into the
processes that determine MDG achievement. In its treatment of these processes, our
approach considers the important roles that are played by the provision of MDG-rel ated
services (including health and education), as well as the social and economic status of the
population (including per-capita household consumption and MDG achievementsin
related areas), incentives, and the state of infrastructure. In this process, external
financing needs depend on economic performance in general, including growth in
domestic government revenues.

The model may be solved in a*“multi-pass’ mode, one period at atime starting with
the base year and moving forward, or in a“single-pass’ mode, simultaneously for all time
periods covered. It may be divided into three modules — “within-period” and “ between-
period” modules of a core CGE model and an MDG module — al of which are integrated
into a simultaneous system of linear and non-linear equations.* The within-period module

(in essence a static CGE model) captures the bulk of the production, consumption,

! This model is an extension of the static, standard CGE model in Lofgren et al. (2002) and the MDG
model in Bourguignon et a. (2004). In addition to adding time and incorporating the MDG module, the
model extends the earlier model by endogenizing factor productivity (which depends on economic
openness and government capital stocks), and tracking the assets (liabilities) of the different institutions
(factor endowments, domestic government debts, and foreign debts). The computer code is written in
GAMS.



investment and trade decisions of the economy in any given time period. The between-
period module provides linkages over time by updating selected parameters (including
factor supplies, population, and factor productivity) on the basis of exogenous trends and
past endogenous variables. The MDG modul e captures the processes that determine
MDG achievement, most importantly the provision of servicesin the areas of education,
health, water and sanitation, and other public infrastructure. The size and skill
composition of the labor force is endogenized, in large measure depending on the
evolution of education. The MDG module has feedback effects into the rest of the
economy, most importantly via the labor market. In the model, growth depends on the
accumulation of production factors (labor at different educational levels, private capital,
and other factors such as land, if present) and changes in factor productivity, which is
influenced by the accumulation of government capital stocks and openness to foreign
trade.

For each time period, the model equations give a comprehensive account of decisions
and related payments involving production (activities produce outputs using factors and
intermediate inputs), consumption (by households and the government), investment
(private, including FDI, and government), trade (both domestic and foreign), taxation,
transfers between institutions (households, government, and the rest of the world), and
links between factors and institutions. They also cover the market constraints, macro
balances, and dynamic updating equations under which the agents operate. Given this
comprehensive picture of the economy, for each year, amodel solution defines awide
range of indicators of economic performance.

Poverty and inequality analysis, asin other CGE models, can be performed in several
ways. The simplest but |east desirable method uses an elasticity calculation for poverty
given changes in per-capita household consumption. Representative-household or survey-
based microsimulation approaches are preferable. The former assume fixed distributions
of income or consumption within each household group, providing welfare estimations
directly from the CGE model results. The latter can be either top-down, feeding CGE
simulation results to a household model, or integrated, with the household model built
directly into MAMS.



In essence, the current model structure is recursive: the decisions of economic agents
depend on the past and the present, not the future, i.e., for the most part, forward-looking
behavior is not assumed.? However, when the mode! is solved in single-pass mode, non-
recursive features may be (and have been) incorporated; for example, the government
may select fixed growth rates over time (or different degrees of front- or back-loading)
for different government services so that MDG targets are achieved in 2015. Such
decisions are forward-looking since they depend on future values outside of direct control
of the government (such as household consumption per capita).? Potentially, when the
model is solved in single-pass mode, selected aspects of private producer and consumer
behavior could aso be forward-looking, incorporating variable values from the future.

The disaggregation of the model is data-driven and flexible in most areas: subject to
computer memory constraints, it can handle any number (one or larger) of primary
factors, households, production activities, and commodities.* The applicability of the
model to specific policy issues dependsin part on the degree of disaggregation. For
example, the analysis of issues related to poverty requires arelatively detailed
disaggregation of household income sources (from factor endowments and the production
activities in which they are employed) and consumption. If poverty and inequality is
analyzed using a representative-household or integrated micro-simulation approach, then
the household sector must also be disaggregated (highly disaggregated for the integrated
micro-simulation case). For many analytical purposes, it is aso preferable to disaggregate
non-government production into multiple sectors.

In the rest of this document, we describe the different parts of our model, making

frequent reference to the accompanying tables: Tables 1-2 (notation and equations for the

2 Asaresult of this absence of non-recursive features, the within-period module, including the subset of the
MDG equations that only refer to the current period, can be solved recursively, one period at atime, with
updating of selected parameters between each solution. This updating is described in the between-period
module and in a second subset of the MDG equations with lagged rel ationships.

% Solving the model in the single-pass mode has the additional advantage of being computationally more
efficient. On the other hand, especially during the developmental stage, it is often easier to solve and debug
the model when it is run in the multi-pass mode.

* Mechanically, the model can accommodate one or more “enterprises’, i.e., non-consuming domestic non-
government institutions that earn capital rents and allocate these rents to other institutions (domestic or
foreign — the owners of the enterprises) after paying taxes and saving. However, this would require
additional changesin the parts of the model that view other institutions as the direct owners of capital
stocks that evolve over time as afunction of depreciation and new investments by these ingtitutions.



core CGE model) and 3-4 (notation and equations for the MDG Module) present the
formal model; Table 5 summarizes the closure rules for the macro bal ances.

Throughout this paper, the following notational conventions apply: endogenous
variables are written in upper case Latin letters; if the variable isfixed, abar is placed
above the name. Parameters have Greek or lower-case Latin letters. Subscripts refer to set
indices. A “0” superscript is used to refer to base-year variable values. Otherwise,
superscripts are exponents (i.e., not part of the name of the variable or parameter that is at
the lower level). In the presence of the “0” superscript, the time subscript (t) has been
suppressed.

Core CGE Modedl: Within-Period Module

In essence, the within-period module defines a one-period, static CGE model.” As
shown in Table 2, it isdivided into blocks covering prices, production and trade,
domestic institutions, investments, and system constraints and macro variables. The price
system of the model is extensive, especially for commodities. The price block (Equations
1-11) defines prices that can be expressed as functions of other endogenous variables (as
opposed to being free variables that perform market-clearing functions). Among these
prices, it isworth noting that transactions costs (the cost of moving the commodity
between the border and the demanders or suppliers, or between domestic demanders and
suppliers) are accounted for in the definitions of demander (domestic-currency) import
prices, supplier (domestic-currency) export prices, and demander prices for domestic
output sold domestically (Equations 1, 2, and 4). Whereas the transformation of output
between exports and domestic sales typically isimperfect, the model allows for the
special case of perfect transformability with zero exports as one possible outcome. For
this case, export and domestic supplier prices areidentical if exports are non-zero. If
exports are zero, the domestic supplier prices may (and are likely to) exceed the export

prices (Equation 3). Various aggregative prices — for composite supplies, for produced

® Apart from the fact that variables are time indexed, most of the “within-period” module is similar to the
standard, static CGE model described in Lofgren et al. (2002). This document provides more detail on
model features and references to the CGE modeling literature.



commodities, and value-added — are derived from relationships that define total revenue
or costs as the sum of disaggregated receipts or payments (equations 5-7 and 9). The
price of the aggregative intermediate commodity for any activity depends on its
commodity composition and the prices of the commaoditiesinvolved (Equation 8). The
model is homogeneous of degree zero in prices, with the CPI serving as the model
numéraire (Equation 10).° Alternative, the price index for non-tradables may serve as
numéraire (Equation 11).

The production and trade block (Equations 12-29) includes the first-order conditions
for profit-maximizing production and transformation decisions as well as cost-
minimizing domestic demand decisions. Given available technology and market prices
(taken as given in a perfectly competitive setting), producers maximize profits. The
technology is defined by a nested, two-level structure. At the top, two alternatives are
possible, either a Leontief aggregation of value-added and an aggregate intermediate or a
CES aggregation of the same two variables (Equations 12-15). At the bottom, these are
linked to a CES aggregation of primary factors (a value-added function) and a L eontief
aggregation of intermediate inputs (Equations 16-18). Given that the national accounts
rarely attribute value-added to government capital, the CES value-added function is
limited to labor.” Each activity produces one or more outputs with fixed yield coefficients
(Equation 19). Any commaodity may be produced and marketed by more than one
activity. A CES approach, assuming profit-maximizing producer behavior, isused to
aggregate market sales of any commodity from different activities (Equations 20-21).
Production is transformed into exports and domestic sales on the basis of a CET
(Constant Elasticity of Transformation) function. The profit-maximizing, optimal ratio
between the quantities of exports and domestic salesis positively related to the ratio
between the corresponding supply prices (Equations 22-23). A less complex relationship
applies to production without exports or without domestic sales (Equation 24). For any

® The computer code permits the user to choose either the CPI or the price index for non-tradables as
numéraire. Aslong as the model is homogeneous of degree zero in prices, this choice has no impact on the
equilibrium values of real variables. This homogeneity condition is not met under the macro closures where
the savings or the domestic borrowing variables of the government are fixed. In these cases, it isimplicitly
assumed that the fixed variables are indexed to the numéraire.

" Nevertheless, the model accounts for the fact that government capital stocks indeed are needed in the
production of government services. in the investment block, government investments are determined on the
basis of capital demands (linked to the level of government service production) and capital stocks.



exported commodity, two alternatives are possible for export demand, either exogenous
prices (in foreign currency) combined with an infinitely elastic demand or price-sensitive
export demands (defined by constant-elasticity functions) with the foreign currency
prices determined by domestic conditions and the exchange rate. (Equation 25 appliesto
the constant-€l asticity case.)

Domestic demanders are assumed to minimize the cost of imperfectly substitutable
imports and commaodities from domestic production according to an Armington (CES
aggregation) function (Equations 26-27). For commodities with only one supply source
the supply from this source equals the composite supply (Equation 28). The transactions
(trade and transport) demand for any service commodity is the sum of demands arising
from domestic sales, exports, and imports, each of which is the product of the quantity
traded and afixed input coefficient (showing the quantity of the service commodity per
unit of trade; Equation 29).

The domestic institution block (Equations 30-45) accounts for the receipts and
expenditures of all domestic institutions, both government and non-government
(households) as well as selected payment flows to and from the rest of the world. The
equations are structured to accommodate databases with any number of households, one
government, and one entity representing the rest of the world. The payments in this block
are highly interrelated since institutions often are both at the receiving and paying ends.
First, factor incomes are defined as a function of domestic wages (which may vary across
activities) and employment levels, augmented by factor incomes from the rest of the
world (Equation 30) and allocated across different institutions (domestic and foreign) in
value shares that depend on factor endowment shares (Equations 31-32). Domestic non-
government institutions: (i) earn net interest incomes, defined as the difference between
net interest earnings from loans to the government and net interest payments to the rest of
the world on borrowing from abroad (Equation 33); (ii) transfer fixed shares of their
incomes (net of direct taxes and savings) to other institutions (domestic or foreign)
(Equation 34); and (iii) earn total grossincomes defined as the sum of factor incomes, net
interest incomes, and transfers from other institutions (with separate treatments
depending on whether the sending institution is the government, the rest of the world, or

another domestic non-government institution, and on whether the receiving institution is



a household or non-household) (Equation 35); (iv) pay direct taxes according to rates that
are fixed unless adjusted as part of the government closure rule; cf. discussion below
(Equation 36); and (v) save out of incomes net of direct taxes according to marginal (and
average) rates that are endogenous, depending on changes in per-capitaincomes (if the
elasticity of savings with respect to per-capitaincomeis different from unity).
Alternatively, for any given institution, the savings rate may be adjusted as part of the
government closure (discussed below) (Equations 37-38).

For households, incomes net of direct taxes, savings, and transfers to other
ingtitutions (defined in Equation 39) are allocated across different commodities according
to LES (Linear Expenditure System) demand functions, defined in per-capitaform with
separate equations for demands from the market and from own-production (Equations 40-
41).

For the remaining domestic institution, the government, current incomes come from
taxes (which are disaggregated into a wide range of categories), factor endowments (the
government may own various non-labor factors), and transfers from other domestic
institutions and the rest of the world (Equation 42). The (re)current expenditures of the
government are divided into consumption, transfers to domestic institutions (CPI-
indexed) and the rest of the world (fixed in foreign currency), and interest payments on
domestic and foreign debt (Equations 43). For each period except the first, real
government consumption, disaggregated by commodity, is defined asthe level in the
previous year times a growth factor that consists of multiple terms (Equation 44). For the
base case, these terms are all exogenous; in simulations with other rules for determining
government consumption (including simulations targeting MDGs), one of these may be
(partly) endogenous.? Finally, government savingsis simply the difference between
current revenues and current expenditures (Equation 45).

The investment block (Equations 46-55) defines the transformation of savingsinto
different types of investments, including adjustments for financial transactions (some of
which involve the rest of the world) and foreign direct investment. The prices of new

8 RQGT, is flexed if the absorption share of total government consumption is fixed. RQGCT,, is flexed
when some target influenced by this specific government service (c) isfixed for year t. For the most
straightforward case, rqgadi. ¢+ is 1 when ¢ = ¢’ and zero otherwise. However, if the analyst wants one or
more kind of government consumption to grow in tandem with another, more than one ¢ may have avalue
of 1 for any given ¢’. However, each cislinked to only one C'.



capital stocks depend on their composition and market prices (Equation 46). Government
fixed investment spending is defined on the basis of these prices and real government
fixed investment demand (the determination of which is defined below) (Equation 47).
Thisfixed investment value is financed by some combination of government savings (net
of spending on stock changes), new government bonds, and Central Bank borrowing,
foreign borrowing, and foreign grants (which is a category separate from government
transfers from the rest of the world) (Equation 48). According to one possible closure,
government borrowing is flexible, assuring that this equality holds. (If so, the other terms
would be exogenous or determined via other mechanisms.) Government bond borrowing
and Central Bank borrowing is allocated across sel ected non-government institutions on
the basis of their savings shares (Equations 49-50).° The fixed investment value of each
domestic non-government institution is defined as its savings, net of spending on stock
changes and lending to the government, and augmented by borrowing and grants from the
rest of the world. For the rest of the world, the fixed investment value is simply the value
of foreign direct investment (FDI; fixed in foreign currency) times the exchange rate; the
FDI termisinvariably fixed at zero for domestic institutions (Equation 51). For each non-
government ingtitution, investmentsin different capital stocks are determined by total
fixed investment values, the prices of capital goods, and exogenous value shares of
different capital stocks; the value share is unity if the database only specifiesasingle
private capital type (Equation 52)."° Government investment demand by capital stock is
determined by the difference between the anticipated capital demand next year (drawing
on production growth from last year) and the capital stock that would remain if no

investments were made; if the demand is positive, then the equation will hold as an

® The savings shares are adjusted by a distortion term (gbdist;) that reflects deviations between household
shares for government borrowing and savings. Implicitly, the burden of Central Bank borrowing (whichis
tantamount to money printing) is felt by other agents since it extracts real purchasing power from them by
reducing the value of the old money that they hold. In the absence of an explicit treatment of money in this
model, this burden is here allocated across households on the basis of their savings shares. The government
isassumed to pay no interest on is debt to the Central Bank (even if interest is paid, Central Bank profits
tend to be recycled to the government). Given this, this debt stock is not monitored.

9 Typically, the model will only have one private capital stock, i.e. the value of the share parameter is unity
for this capital type. If the model has more than one private capital stock, the allocation between the
different stocks may be endogenized, possibly deviating from the base-level allocation in response to
changesin relative profit rates.



equality (Equations 53-54).*! Finally, total investment demand by commaodity sourceis
defined given gross changes in capital stocks (both private and government) and the
capital composition parameter (Equation 55).

The system constraint and macro block (Equations 56-62) explicitly captures the
over-all resource constraints under which the economy operates as well as the
determinants of TFP (total factor productivity) in the different production activities. For
each market factor (al factors except government capital stocks), the supply is defined as
the sum of institutional endowments (Equation 56). In the markets for the same set of
factors, quantities demanded and supplied are set equal (Equation 57). Each market is
cleared by the flexible, factor-specific wage variable (WF), which, at amore
disaggregated level, can differ across activities by an activity-, factor-, and time-specific
wage distortion (or differential) term (WFDIST ; cf. equations 17 and 30). In the specia
case of no wage differentials, thisterm isfixed at unity. Alternatively, in some cases it
may be desirable to impose an exogenous time path for the employment of specific
factorsin selected activities (drawing on other pieces of information, for example data on
the expected evolution of sectors based on the exploitation of natural resources). If so, the
user only hasto flex the wage distortion variable (WFDIST) and fix the employment
variable (QF) for the relevant combination of factors, activities, and time periods. This
can be done without changing the closure rule for other activities. Other aternatives for
the factor market may be added, including closures with explicit unemployment.

For composite commodities, the supply is aso set equal to the sum of demands
(Equation 58). As noted above, the composite supplies stem from two sources, imports
and domestic supplies to domestic markets, each of which hasits own market clearing
variable, the import quantity (QM) and the supplier price (PDS), respectively. The
balance of payments constraint (Equation 59) imposes equality between foreign exchange
uses (spending on imports, factor incomes and transfers to the rest of the world, and

interest payments on foreign debts) and sources (export revenues, transfers, factor

' A mixed-complementary formulation is used with alower limit of zero for the government investment
variable (DKGOV) and government investment defined as being larger than or equal to zero. This
treatment assures that, if DKGOV is positive, then investment will be equal to anticipated demand whereas,
if DKGOV is zero, then it may be larger than a negative investment demand level (which would reflect the
exceptional case of arate of production decline in excess of the depreciation rate). Equation 54 transfers the
value of DKGOV to DKINS for the government, a variable that is used elsewhere in the model across al
capital stocks.
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incomes, borrowing, grants, and FDI).* Finally, this block includes three macro
variables, real GDP at market prices and the real trade-GDP ratio (both of which appear
in other model equations), and real GDP at factor cost (which, aswill be noted below,
may be used as afixed target in the calibration of TFP growth for the base run; Equations
60-62).

Core CGE Model: Between-Period Module

The equations in the between-period modul e update household popul ations and
institutional stocks of assets and liabilities and TFP for selected activities. Invariably the
equationsin this module include lagged relationships. As shown in Table 2, the equations
in this module do not apply to the first year, for which the values of the variables defined
in this module are fixed.

Aswe will seeinthe MDG module, we assume that each household group is
endowed with an unchanged share of the economywide total of every labor factor. The
population of each household in any year is defined as its population in the preceding
year times the growth factor of its labor force, multiplied by a population scaling factor
(Equation 63). Asaresult, if the household has arelatively large (small) share of the
labor types that grow most rapidly, then its population will also grow more (less) rapidly.
Aslong as the model has more than one household, the resulting growth rates for each
household group will deviate from its natural growth, indicating that, implicitly, parts of
the population migrate between household groups. The population scaling factor assures
that the sum of the representative household populations is equal to the exogenous
population total (Equation 64). In effect this means that, if the aggregate labor force
participation rate goes up (down), then this change will be imposed across all household
groups.

For the different assets and liabilities held by households as well as for other aspects

of their behavior (such as consumption patterns), the general assumption is that the

2 | mplicitly, an additional system constraint, the savings-investment balance, also holds: by channeling
domestic savings and the terms that make up foreign savings to investment, the model equations assure that
total savings and total investment are equal.

11



different household groups retain their original characteristics subject to adjustments
needed to assure that the sums across the different household equal known totals.
Accordingly, for the category of (non-labor) factors with exogenous total household
stocks (land may be an example), the endowment of each household is defined as the
product of an exogenous per-capita endowment, population, and a factor-specific scaling
factor (Equation 65). The scaling factor is adjusted to assure that the total across all
households equals an exogenous total (Equation 66).

For capital, the stock of each institution (households and others) is defined as the sum
of itsold, (potentially) redistributed capital stock, new investments, and exogenous
adjustments (which may reflect the impact of natural disasters or institutional changes,
removing parts of the capital stock from production) (Equation 67). For non-households,
the old, redistributed stock is ssimply what remains of its non-depreciated stock of last
year. For households, the non-depreciated stock is adjusted upwards for population
growth and multiplied by a factor-specific scaling factor (Equation 68). The total
redistributed capital stock across all household groupsis equal to the total, non-
depreciated stock (Equation 69). The scaling factor will adjust to assure that this
constraint is satisfied. Except for the absence of depreciation, identical relationships hold
for foreign debt (Equations 70-72) and government bonds (Equations 73-75). For foreign
debt, the treatment is potentially more complex since the model allows for the possibility
of non-paid interest (which is added to the debt) and debt relief.

Finally, the total factor productivity of each activity is defined as the product of a
trend term, changes due to capital accumulation, and changes due to changes in economic
openness (defined by the real trade-GDP ratio). The effects of capital accumulation and
changes in openness depend on the values of exogenous, constant elasticities—if they are
set at zero, the effect is zero and only the trend term will matter (Equation 76). The trend
term istypically exogenous. However, as part of the model calibration, it may be
endogenized in a setting where real GDP at factor cost is fixed in every time period
(Equation 77)." The trade-GDP ratio, the most common indicator of economic openness

3 When developing the model base run, the trend term may be exogenous. If so, the analyst needs to
monitor overall GDP growth and, if needed adjust the exogenous growth term (CALTFPGT). The
estimates of initial capital stocks and depreciation rates may also have to be revisited. Alternatively, the
trend term may be endogenized while real GDP (at factor cost) isfixed in each year. If o, the analyst
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(in terms of outcome, not policy stance) is defined in real terms (to avoid the impact of
nominal changes, for example due to exchange rate depreciation). The impact of changes
inthisratio islagged in order to avoid large sudden changes. The fact that the elasticity
parameters are disaggregated (by activity for trade and by activity and function for
capital) make it possible to specify different channels and magnitudes for the productivity

effects of trade and different types of government investments.

MDG Module

The MDG module (Equations 78-91) is a core component of the model. It specifies
the mechanisms that determine the values for the indicators related to the different MDGs
and educational behavior aswell as the size and disaggregation (by educational
achievement) of the labor force. The rest of the economy, which was presented in the
preceding sections, influences the evolution of the MDGs and the educational sector
through variables related to household consumption, the provision of different types of
MDG-related services, labor wages, and capital stocksin infrastructure. In itsturn, the
MDG module influences the rest of the economy through its impact on the size and
composition of the labor force. In addition, the evolution of one set of MDGs can
influence other MDGs. The notation and the equations of the MDG modul e are presented
in Tables 3 and 4.

The educational component, which is disaggregated by cycle (with three cyclesasa
typical level of disaggregation), consists of Equations 78-88. Within any cycle, the model
endogeni zes the following aspects of student behavior (or outcomes):

e the shares of the enrolled that graduate from their current grade, drop out, or
repeat the grade next year (referred to as grd, dropout, and rep). Note that the
term “graduate” throughout this paper and the model not only refersto
students who successfully finish a given education cycle, but is also used to

refer to students who successfully complete a grade (i.e., pass) and continue to

should review the resulting overall growth rate for the trend term and, if needed, adjust the real GDP levels
that are imposed. For non-base runs, trend TFP growth istypically fixed, permitting real GDP growth to be
influenced by factor accumulation and endogenous TFP changes.
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a higher grade within the cycle. The sum of these sharesis unity —i.e., during
the school year, a student must either graduate, drop out, or become a repeater
(this applies to each grade and for each cycle asawhole);

¢ the shares among the graduates from their current grade (grd) who graduate
from their current cycle (grdcyc) or continue to a higher grade within this
cycle (contcyc). l.e., in terms of shares: grdcyc + contcyc = grd;

e the shares among cycle graduates who exit the school system (grdexit) or
continue to next cycle (grdcont). The sum of these sharesis also unity. For
graduates from the last cycle, the share of those who exit is unity; and

e the share of the cohort of the 1% year in primary school that enters school
(glentry).

Equations 78-84 define the share variables that identify different aspects of student
behavior. For each cycle, alogistic function (Equation 78) defines the shares for 1% year
in-cohort entry, for graduates from the current grade, and for graduates who decide to
continue to next cycle (i.e. glentry, grd, and grdcont, the elements of the set BLOG). The
logistic functional form was selected since it makes it possible to impose extreme (for
education it is a maximum) values for the function and to incorporate extraneous
information about elasticities and conditions under which target values are achieved.
Another advantage isthat it allows for segments of increasing and decreasing marginal
returns to improvements in the determinants of educational behavior. The only
endogenous variable in the logistic function (SHREDINT), is defined in a constant-
elasticity formulation (Equation 79) as a function of: (i) educational quality; (ii) wage
incentives, defined as relative wage gains from continued schooling (i.e., the relative
wage gain that students can achieve if they complete acycle that is sufficiently high to
enable them to climb to the next higher level in the labor market); (iii) the under-five
mortality rate (a proxy for the health status of the school population); (iv) the size of the
infrastructure capital stock; and (v) household consumption per capita. The parametersin
Equations 78-79 are selected as follows:

o theparameter exted shows the extreme (maximum) value to which the behavior

share should converge (here one) as the value of the intermediate variable

approaches infinity;

14



e theparameter aed iscalibrated so that, under base-year conditions, the
behavioral share replicates the base-year value;

e theparameters fed and ¢ged are calibrated so that the two equations: (i) replicate
the base-year elasticities of the behavioral share (SHRED) with respect to the

arguments of the constant-elasticity function; and (ii) achieve a behavioral target
(e.g. ashare very close to one for glentry) under a set of values for the arguments
of the constant-elasticity function that have been identified by other studies; and

e thevaue of the parameter yed determines how the base-year point on the logistic

function is positioned relative to the inflection point (where the curve switches
from increasing to decreasing marginal returns as the determinants of educational
behavior improve).

Equation 79 is calibrated so that, in the base year (under base-year

conditions), SHReint, ., = SHRedg . . (Note that these two terms enter the denominator of

the second term in equation 78.)

Separate equations define two of the determinants of the CE function. Educational
quality (EDUQUAL) is defined as the ratio between real services per student (total
services divided by total enrollment) in the current year and in the base year; i.e., in the
base-year, educational quality isindexed to one (Equation 80). Average real household
consumption per capita (QHPC) is defined as total household consumption at base-year
prices divided by total population (Equation 81).

Drawing on the shares defined in the preceding equations, the shares for repeaters,
dropouts, and cycle graduates exiting from the school system (rep, dropout, and grdexit;
elementsin the set BRES) are defined residually (Equation 82). The formulation
considers the fact that, as noted above, selected shares have to sum to unity. If more than
one variable in BRES has to be adjusted in relation to one or more elementsin BLOG (as
isthe case for the adjustment of shares for repeaters and dropouts in response to changes
in the share of graduates), then all adjusted variables are scaled up or down by the same
factor.™ The share of graduates from a cycle (grdcyc) is defined as the share for the total
number of graduatesin the cycle (grd) divided by the number of yearsin the cycle

4 The equation is formulated so that it works for cases with one or more than one term in any of the sums
over related shares (defined by the mappings MBB and MBBZ2) in either of the sets BRES and BLOG.
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whereas the residual share is assigned to graduates within a cycle (contcyc) (Equations
83-84). We use the net completion rate as our MDG 2 indicator. It is defined as the
product of the relevant 1st-year primary school entry rate (glentry) and the graduation
rates (grd) over time for the cohort that graduate from primary school in the current year
(Equation 85).%

Drawing on the above information, we can define the number of enrolled students by
cycle and year. The number of “old” enrolled studentsin any cycle (i.e., those who were
enrolled in the same cycle last year) is defined as the sum of those who: (i) continue
within the cycle after successful completion of an earlier grade; and (ii) repeat the grade
they werein last year (Equation 86). The number of “new” enrolled students is defined as
the sum of: (i) graduates from the relevant earlier cycle last year who chose to continue;
(i) cohort entrants (only for the 1% primary cycle); and (iii) other, non-cohort entrants
entering any cycle in the educational system (Equation 87).° The total number of
enrolled studentsin a cycleis the sum of old and new students (Equation 88).

Drawing on these enrollment variables, institutional labor endowments are defined as
the sum of the following components (Equation 89): (i) remaining labor from the
preceding year; (ii) new labor force entrants among students who exited from the school
system in the previous year (with separate terms for graduates and dropouts); (iii) new
labor force entrants from the non-student population who reach the age at which they, to
the extent that they seek work, become part of the labor force. Depending on their highest
completed grade, the new labor force entrants are allocated to a specific labor category.

The treatment underlying MDGs 4, 5, 7aand 7b is similar but less complex. For
these, alogistic function directly defines the MDG indicators as a function of an
intermediate variable that is defined in arelated CE function (Equations 90-91). The
values for the parametersextmdg , mdg , fmdg , and ¢mdg are defined following the

same principles as the corresponding parameters in the logistic and CE functions for

> In other words, in order for 100% of the cohort to complete the primary cyclein time, it is necessary that
all of them enter at the time of their first year and after that all manage to graduate in each year (i.e.,
successfully complete each grade) up to the final year of the cycle. Given that we do not generate separate
graduation rates for studentsin the relevant cohort (as opposed to students outside this cohort), we assume
that the rates for in-cohort students are identical to the over-all rates for studentsin the cycle.

18 This category includes non-cohort entrants to the 1% primary year of primary school (at least during a
transitional period of primary school expansion). It may aso include immigrants from other countries.
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education. The arguments of the CE function are similar except for that the relevant

service supply is expressed in per-capita form (not per enrolled student).

Within-Period Rules for Macro Balances

Like other economywide models, MAMS includes three macroeconomic balances:
for the government, the rest of the world (the balance of payments), and savings-
investments (loanable funds). In the computer code, the user chooses among a set of pre-
programmed alternative closure rules for these balances. (The set can easily be
expanded.) The choices made have no influence on the solution for the base year but will
almost invariably influence the results for other years and across different simulations.
The preprogrammed aternatives are summarized in Table 5.

For the government balance (Equations 42, 43, 45, and 48), under the first closure,
government savings (the difference between current government revenues and current
government expenditures) is aflexible residual while all tax rates are fixed. Flexible
domestic government borrowing covers the gap in the government capital account
(between government investment costs and financing from other sources. government
savings, foreign borrowing and foreign grants). The second closure (GOV-2) differsin
that domestic government borrowing is fixed at some exogenous level (defined by year
and simulation) while the direct tax rates of domestic non-government institutions are
adjusted to assure that government savings suffice to cover the gap in the government
capital account. According to the direct tax adjustment rule, the rates for selected
institutions are adjusted endogenously by the same number of percentage points. Instead
of relying on domestic sources of financing, the third government closure (GOV-3)
assumes that foreign grants cover the gap in the government capital account in a setting
where direct tax rates and domestic government borrowing are fixed. The fourth closure
(GOV-4) combines elements of the second and third closure: both direct tax rates and

foreign grants are flexible while government savingsis fixed. This closure may be used

" For adiscussion of macro closuresin the context of the standard CGE model, see Lofgren et al. (2002,
pp. 13-17). Table 5 includes the alternatives that are likely to be used most frequently. The GAMS code
includes additional options, inter alia, for the closures where direct tax and savings rates are adjusted for
selected institutions. These options involve scaling of rates that otherwise would have prevailed instead of
uniform percentage point changes.
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in a setting where direct tax rates are adjusted in response to an increase in government
recurrent spending (perhaps with the objective of achieving some MDG target) at the
same time as foreign grants respond to a related increase in government capital spending.
The fifth government closure (GOV-5) isidentical to the third except for that, instead of
foreign grants, foreign borrowing covers the gap in the government capital account.
Under al of the aboverules, it is assumed that government consumption is
determined according to some other rule (i.e., adjustments in government consumption
are not part of the mechanisms for achieving government balance). Three alternative
rules for determining government consumption are specified (cf. equation 54):*®
1. fixed rea quantity by commodity and year; flexible absorption share; thisis
the rule that was assumed in the preceding model presentation;
2. fixed absorption share and flexible scaling of exogenous consumption
guantities by afactor that is uniform across all commaodities; i.e., fix the

variable indicating the absorption share of government consumption and flex

the variable QCSHRABSADJ, ; and

3. for selected commodities and time periods, flexible growth rates combined
with fixed targets for MDG indicators related to the government commodity

(service) (i.e, flex the variable RQGCT ., for selected ¢ and t); for remaining

commodities, fixed rea quantity by commodity and year and flexible
absorption share (same as 1).

For the balance of payments (Equation 59), which is expressed in foreign currency,
three closures are specified. The first closure (ROW-1) has aflexible real exchange rate
whereas all items on the capital account, including foreign grants, are fixed. Given this,
foreign savings (the current account deficit) isimplicitly fixed. To exemplify how this
works: if, ceteris paribus, the balance of paymentsisin deficit, then a depreciation of the
real exchange rate eliminates this deficit by (i) reducing spending on imports (afal in
import quantities at fixed world prices); and (ii) increasing earnings from exports (an
increase in export quantities at fixed world prices). The other two rest-of-world closures
are designed to work with specific government closures. If, for the government balance,

18 |n addition to the equations in Tables 2 and 4, the complete computer model includes an equation that
defines the absorption share of government consumption, avariable that is fixed under rule 2.
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the third or fourth closure is used (GOV-3 or GOV-4), then the second rest-of-world
closure (ROW-2) should be activated: it combines a flexible exchange rate with flexible
foreign grants (where the latter in effect is determined to balance the government
accounts); similarly, if for the government, the fifth closure is used (GOV-5), then the
third rest-of-world closure (ROW-3), which assumes flexible foreign borrowing, should
be used.

In the savings-investment balance (which isimplicit in the model), government
investment spending is determined by the demand for capital by the different government
service activities whereas the determination of government savings depends on the
closure rule adopted for the government balance. Hence, the aternative closures for the
savings-investment balance focus on the non-government components of investment and
savings. The closures are either investment-driven (the value of savings adjusts) or
savings-driven (the value of investment adjusts). Thefirst closure (SI-1) isinvestment
driven: private investment is a fixed share of total absorption (which may vary over
time). ' In order to assure that total savings and investment values are equal, the savings
rates of selected non-government institutions are adjusted by a uniform number of
percentage points (the variable DMPS s flexed; Equation 37). The second closure (SI-2)
makes the opposite assumptions: the variable for savings adjustment (DMPS) is fixed
while the private investment absorption share isflexible. The last closure (SI-3) is
identical to the first except for that the absorption share that is fixed defines total

investment.

¥ The complete computer model includes equations that define the absorption shares of private and total
investment (not included in Tables 2 or 4). These absorption variables are fixed or flexible depending on
the macro closure.
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Table 1: Sets, parameters, and variables for core CGE modules of MAM S model

SETS
Symbol Explanation Symbol Explanation
aec A Activities f,f'eF factors

ae ACES (c A)

activities with CES function
between Value Added and
Intermediate inputs

f e FCAP(c F)

capital factors

ae ALEO (c A

activitieswith Leontief fn
between Value Added and
Intermediate inputs

f e FCAPGOV (= FCAP) | government capital factors

factors with exogenous

iti f e FEXOG(c F
ceC Commodities € (cF) growth rates
commaodities with domestic

ce CD(cC ) f e FLABN F -

€ Ch(=C) sales of domestic output € (F) non-labor factors
ce CDN(c C) commodities not in CD he H(c INSDNG) households (incl. NGOs)

. : institutions (domestic and

ce CE(cC

€ CE(cC) exported commodities icINS rest of world)
ce CEN(cC) commodities not in CE ie INSD(c INS) domestic institutions

ce CECETN(c C) exported commodities

i € INSDNG(c INSD)

domestic non-government

without CET function ingtitutions
ce CM(cC) imported commodities i € INSNG(c INS) hon-government
institutions
mapping showing that
ce CMN(c C) commodities not in CM (f,a)e MFA disaggregated factor f is
used in activity a
ce CT(cC) transaction service te T time periods

commodities

PARAMETERS - LATIN LETTERS

quantity of commaodity c per world price for export substitutes
CaPCOMPe. | it of new capital f PSS, (FCU)
owts, \é:vglght of commodity ¢ in the qdst,; quantity of stock change
- — export demand for cif pwe =

depr, depreciation rate for factor f ge., owse (world price for subs)
dwts domestic sales price weights gfachhtot, total household stock of

¢ ’ exogenous, non-labor factors
fdebtrelief. forgi an dek_)t relief for domestic gfacinsadi | , ex_ogenousfactor stock

' ingtitution i ' adjustment
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foreign direct investment by

per-capita quantity of

fdi; , institution i (rest of world) afpc, ¢ exogenous-supply factor f by
(FCU) institution i and year t
. . parameter linking government
fi . interest rate on foreign debt for P :
nirat;, domesticinsiitutioni (paid) | 090eer consumption growth across
commodities
fintratdue,, interest. rqte on fqrei gn debt for shii, . share of net incomeof i’ toi (i’
' domestic institution i (due) ' € INSDNG)
f productivity of factor fin .
prd, activity ta,, tax rate for activity a
- distortion factor for gov
ghiss borrowing from institution i Rt export tex rate
share of gross fixed capital
gfcfshr, ;| formation for ingtitution i in tf, | direct tax rate for factor f
capital factor f
gintrat interest rate on government tfp0L, 0-1 parameter for activities with
Wt bonds for domestic institution i ! endogenous TFP growth
guantity of ¢ asintermediate dlas
: ) : asy of TFPfor aw.r.t. to
ica, , input per unit of aggregate tfpelasqg, ¢ :
intermediate in activity a government capital cap stock f
trade input of ¢ per unit of ..
icd, ., commodity ¢’ produced & sold | tfpelastrd, dasticity of TFPforaw.rt.to
: GDP trade share
domestically
ice, .. trade input of’ C per unit of thptrawt, . wel ght of period t’ in tfp-trade
< commodity ¢ exported ' linkint
: trade input of ¢ per unit of 0-1 parameter with 1 for
icm, ., commogit o irI?] orted tins01, institutions with potentially
y P flexed direct tax rates
ifa quantity of capital f per unit of s exogenous component in direct
fa government activity a Si tax rate for domestic institution i
quantity of aggregate
inta, intermediate input per unit of tm, import tariff rate
activity a
- guantity of value-added per t
Ve unit of activity a R rate of salestax
O-1 parameter with 1 for exogenous transfer from
mps01, institutions with potentially trnsfr, ;.. €xogenous transier frrom
. Institution I’ to Institution |
flexed direct tax rates
tot . trnsfr. _exogen_ous_transfer from
POPEOt, total population by year ST institution i’ to factor f
. _ per-capitatransfers from
PWE export world price of ¢ (FCU) | trmsfrpc, ingtitution i’ to hhd institution i
. . rate of value-added tax for
t o
pwm, , import world price of ¢ (FCU) | tva,, activity a
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PARAMETERS — GREEK LETTERS

o shift parameter for top level CES Sva CES value-added function share
2 function fa parameter for factor f in activity a
shift parameter for domestic per capita household subs stence
Qec commodity aggregation function Vhacn consumption of home commodity ¢
from activity a
Ol exogenous component of efficiency yin per capita household subsistence
Sat (TFP) for activity a eh cons of marketed commodity ¢
o, Armington function shift parameter Pa, CEStop level function exponent
o, CET function shift parameter Pac, ?ome;etm commodity aggregation
unction exponent
marginal share of household
By en consumption on home commodity ¢ oL Armington function exponent
from activity a
marginal share of household elasticity of savings rate with respect
B, consumption spending on marketed psav, to per-capitaincome for institution
commodity ¢ (household) h
Oa, ?h are parameter for top level CES Pt CET function exponent
unction
Oac, share parameter for QOmestl c Pva, CES value-added function exponent
commodity aggregation function
Sa, Armington function share parameter 0, 36/1|eld of output ¢ per unit of activity
Ot CET function share parameter
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VARIABLES

efficiency parameter in the CES

Kvay value-added function PQ,, composite commodity price
ovaz, endogenous TFP trend term by a PVA va[ueadd.ed. price (factor income per
’ unit of activity)
CALTFPGT, | Calibration factor for TEP growth | PX._, aggregate producer price for
’ commodity
government Central Bank . , -
BBOR PXA
CBBOR ; borrowing (deficit moneti zation) Cocs price of commodity ¢ from activity a
government Central Bank : .
BBORTOT
CBBORTOT, borrowing (deficit monetization) A, quantity (levef) of activity
CPI, consumer price index QD,, gg?nngalczloll? Sggﬁigayy of
change in holding of government . .
DGBOND, TSR E
B bonds for domestic institution i Q.. quantity of exports of commodity ¢
DGEONDTOT total change in holding of OF, quantity demanded of factor f by
government bonds activity a
DKGOV;, gross government investment inf | QFACINS | _real_ enc_jow_ment of factor f for
ingtitution i
DKINS , gross changg in capi t_aI s_tocl_< _ QFCAPRED. , stock of redistributed capital by ins -
o (investment in) f for institution i VU f-t
uniform point change in savings
DMPS rate of selected domestic QFS; quantity supplied of factor f
institutions
producer price index for non- ESCAL scaling factor for constraint on total
DPI, traded output Q B factor stock
uniform point change in direct tax Lantity of covernment consumption
DTINS rate of selected domestic QG,, Y o P
institutions y
. guantity consumed by household h
H
EG, government expenditures QH, ., of marketed commodity ¢
EH consumption spending for QHA, quantity consumed of home
! household ont commodity ¢ from act a by hhd h
BXR exchange rate (LCU per unit of QINTA guantity of aggregate intermediate
FCU) o input used by activity a
FBOR foreign borrowing for domestic QINT guantity of commodity c as
! institution i oot intermediate input to activity a
FDEBT, foreign debt for domestic inst i QINV, quantity .Of Investment demand for
commodity ¢
redefined foreign debt stock for . . .
FDEBTRED, . M
” household i QM quantity of imports of commodity ¢
FDEBTSCAL, scaling factor for foreign debt Q. quantity of goods supplied to

stocks to meet aggregate constraint

domestic market (composite supply)




FGRANT foreign grants to domestic ol quantity of trade and transport
B ingtitution i (FCU) o demand for commodity ¢
GBOND,, 1(:a(;}czliowment of government bonds QUA. quantity of (aggregate) val ue-added
redefined government bond aggregated quantity of domestic
GBONDRED, : ) X .
"* | holding for household i e output of commodity
scaling factor for hhd holdings of uantity of outout of commodity ¢
GBONDSCAL,, | gov bonds to meet aggregate QXAC, ., 9 y of outp y
. from activity a
constraint
: real government consumption
GDPREA . .
L real GDP a market prices RQGT, growth for all cint relativeto t-1
real government consumption
GDPREALFC : .
« | real GDPat factor cost RQGCT, growth of cint relativetot-1
GV government savings SHIF | share of institution i in income of
factor f
INSSAV savings of domestic non- TINS direct tax rate for domestic non-
M government institution i " government institution i
INWVAL, investment value for institution i TINSADJ, direct tax scaling factor
MPS marg| ngl propensity to save fpr TRDGDP foreign trade as share of GDP
* domestic non-gov institution i
. . transfers from ingtitution i’ to i (both
TRII . )
MPSADJ, savings rate scaling factor in the set INSDNG)
PA . activity price (unit grossrevenue) | WF,, average price of factor
PDD demand price for commodity ¢ WEDIST wage distortion factor for factor f in
c,t H f.at HVH
' produced & sold domestically o activity a
supply price for commodity ¢ .
PDS : YF
ot produced & sold domestically " income of factor f
PE_, export price (domestic currency) YG, government revenue
PINTA aggregate intermediate input price Vi income of domestic nhon-government
o for activity a N institution
PK, | orice of new capital stock a YIF, income to domestic institution i
from factor f
, . : interest payment on government
PM YIINT
import price (domestic currency) bonds to INS
POR, population by household

25




Table 2. Equations for the core CGE modules of MAMS Mode!:

CORE CGE MODEL: WITHIN-PERIOD MODULE

# Equation Domain Description
Price Block
PM ot — pwm, - ( 1+ trnc,t ) -EXR + Z ( PQc',t 'icmc‘,c,t)
ceC ce CM ,
(D] Import price
import price | __ | import price | tariff | exchange rate + transaction teT
(Lcu) || (Fcu) adjustment | | (LCU per FCU) costs
PEc,t = pwec,t ( 1_tec,t ) ’ EXR[ - Z(PQct ' icec‘,c,t)
) eec ce CE Export price
export price | __ | export price | tariff .| exchangerate |_ | transaction teT
(Lcu) || (Fcu) adjustment | | (LCU per FCU) costs
PDS,, 2 PE, Ce Domestic floor
(3) (CDN price (= export
price | (Lcu) teT CET exportables
PDD,, = PDS, + Y (PQ, icd.,) Domesic
ceC ce CD demander price
“) 1r for domestic
[domwic demander :| _ [dorrestic‘supplier " transaction:| teT commoity
price price | [ costs
PQc,t ( 1- tqc,t ) QQc,t = PDDc,t ’ QDc,t +PM ct’ QM ct ce
o CDuCM .
®) absorption domestic demander import price ( teT ) Absorption
(at demand prices | = pricetimes + times
net of salestax) domestic sales quantity_ _import quantity
PXc,t 'Qxc,t = PDSc,t 'QDc,t + PEc,t 'QEc,t ce

times marketed pricetimes times teT

(6) producer price domestic supplier export price (CDUCE) Marketed output
= + value
output quantity domestic sales quantity export quantity

PA, = D.PXAC, 6

a,c
ceC aec A o )
(7 Activity price
activity — producer prices teT
price times yields
PINTA,, =) PQ,,-ica,,
ceC
ac A Aggregate
8 . e mediate inout codt intermediate
‘aggregée : inter -|ae|npu co! teT input price
intermediate | = | per unit of aggregate
input price intermediate input
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PAh,t '(1_taa,t)'QAh,t =
PVA, -QVA@_I’t + PINTA, -Ql NTA,

© ae A Activity revenue
activity price value-added i;?:rf;taete teT and costs
(netof taxes) |=/| pricetimes |+| . o
) . ) input pricetimes
times activity level quantity )
quantity
CPl, =) PQ,, -cwts, |
(10) ceC teT _CcCJinsumer price
[CPI]Z pricestimes Index
weights
DPI, = > PDS,, -dwts,
= Price index f
rice index ror
(11) priceindexfor | _ supplier price for gutput teT non-tradables
=| marketed domestically
non-tradables ) .
times weights
Production and trade block
— CES technol
= . OVA P2 +(1— OINTA 7% ) ra echnology.
QA = o, -(Ja, QVAL™ +(1-a, ) QINTA ™ ) ac ACES | Agorogae
(12) ) demand for value - added teT aC“V'ty,
[quantltyotf iggregate:| = CES]| and demand for aggregate < prOleICtlon
acimty intermediateinput function
1
QVA, _[PINTA, Ja, |"*= CES technology:
- ' Aggregate value
13 QINTA,, PVA, 1-6a, ae ACES |~ geeva
teT intermediate
value-added - intermediate | _ intermediate input - input ratio
input quantity ratio value-added price ratio
QVA,, =iva, - QA Leontief
4 ! ! ac ALEO | technology.
emana ror
demandfor | _ f activity teT aggregate value-
value-added level added
_ Leontief
QINTA,, =inta, - QA,, technology:
(15) ae ALEO | pemand for
demand for aggregate | _ ¢ | activity teT aggregate
intermediate input level intermediate
input
1
—pva, | P
QVAit = avaa,t [Z 5vaf,a ( fprdf at QFf ,a,t) } ae A
(16) feF e T Value-added
€

quantity of aggregate = CES factor
value-added inputs
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WF, ,-WFDIST 1 2. = PVA - (1-tva,, )- QVA,,

1 ae A
. . . R . —pea  QF Peal
(17) (f; Svay.,-(fprd,.,, -QFy..,) ] Sva, , - fprd; 2% - QF/ 2 feE Factor demand
teT
marginal cost of - marginal revenue product
factor f in activity a of factor f in activity a
QINT_,, =ica,, - QINTA,,
ceC Disaggregated
(18) intermediate demand aggregate intermediate ac A intermediate
for commodityc | = input quantity input demand
from activity a for activity a teT
QXACa,c,t + ZQHAa,c,h,t = ea,c : QAat )
heH ae A Commodity
production and
(29 quantity of output quantity consumed of activity-specific ceC alocation
! home commodity ¢ mar keted between market
of commodityc |+ L = . teT
from activity a fromactivity ain production of and home
y all households commodity ¢
e - Pace
QX = trac-| Y bac, .- QXAC LT ce
acA (CEuCD) Output
(20) teT aggrggatlon
aggregate marketed ot of it function
production of = CES [ou pfu © cgtrprzo I yc:|
commodity ¢ romactivity a
PXAC, ., -1
— 2= =QX_, - Oac,.. - QXAC *) . dac, . - QXAC P
PX Qe g;\( ae” QXAC ) ac” QXACL ae A Ratio of prices
1) ceC for output
ratio of price of commodity ¢ aggregate marketed commodity aggrggan on
from acitivty a to =f output and output of commodity ¢ teT function
average output price fromactivity a
1
— Pl P\ P ce (CDN
Qxc,t =at - (é‘tc ’ QEc,t + (1_ §tc ) ’ QDc,t ) ’ CEE:ET) Output
(22) transformation
aggregate marketed | _ C export quantity, domestic teT (CET) function
domestic output sales of domestic output
1
QE, _[ PE 1-dt | ce (CDN
(23) QD, |(PDS, ot, CECET) Export-domestic
supply ratio
teT

|:export-domestic}: f |:export-domestic:|

supply ratio

price ratio
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Output
transformation

= C
Qxc,t QDc,t + QEc,t (D m(EZEN) O fqr outputs
agareqate domestic market (CENCDN)uU without e>_<p0rts,
(24) rrfrkegt od _ | sales of domestic exports | for (CD NCECETN), exports_ without
o output [ for ce (CE A CDN)] teT domestic sales,
P ce (CD n CEN)] and non-CET
exports with
domestic sales
P
E - PWE_,
QE;, = 0e;,- Export demand
PWSEe. CED -
(25) ’ Ce with constant-
, _ teT elasticity
export | _ ¢ trend export quantle, world price demand function
derand |~ for exportsrelative to world
price for export substitutes
1
R - e ce :
QQc,t =aq, '(é‘qc ’ QM thc + (1_ §qc ) ’ QDc[:qC) phe Composite
' ' (CM ('\CD) |
(26) SUPDLY
" ot auantity. domei teT (Armington)
|:comp05| e:| = f |:|mpor quan |ty., o |c:| function
supply use of domestic output
QM. _ [ PDD,; dq, |"*= ce
27) QD., PM_, 1-dq, (CM NCD) | |mport-domestic
teT demand ratio
import-domestic = f domestic-import
demand ratio price ratio
QQ. .= QD +QM_, ce Composite
(CDNCMN) | supply for non-
29) domestic use of U imported outputs
composite | _ | marketed domestic + imports [ for (CM nCDN), | and non-
supply output [ for ce (CM N CDN)] teT PI’OdUCGd
ce (CD N CMN)] imports
QT ot Z (icrnc,c‘,t ’ QM cht + icec,c',t ’ QEC',t + iCdc,c',t ’ QDC‘,t )
ceC’ ceCT Demand for
(29) transaction
tradeand transport | _ [ from | orts] " [ from ex rts] | from marketed teT services
demand for commodity ¢ m no domestic output
Domestic institution block
YF; = Z:\/\/Ff WFDIST ¢ a1 -QF , +trnsfr, - EXR
(30) = fefF Factor i
ivi Oor iIncome
income of — Zgisifta_ctlwtﬁii ajlvzlegs + income to factor f teT
factor f ) ¥-Spec 9 from Rest of World
times employment levels)

29



QFACINS ;

HIF .. = i
T ST QRACING 1€ INS 1 stitutiona
(31) i'e INS feF sharesin factor
shareof indtitutioniin | _ | endowment of institution i of factor f teT Incomes
theincome of factor f divided by total endowment of factor f
YIFi“:SHIFi“-[(1—tff’t)-YFH] i< INS
Ingtitutional
32 ' i feF .
(32) neome Of. _ share of income income of factor f factor incomes
ingtitutioni | = of factor f to T
T (net of tax) te
fromfactor f ingtitution i
YIINT; = gintrat, . - GBOND, , — fintrat, - FDEBT, , - EXR ie
INSDNG T
(33 net interest interest earnings interest _InSIItUtI(,)naI net
incomeof |=| ongovernment |—| payments teT interest income
institution i bonds on foreign debt
TRI, ., = shii, . (1-MPS.)- (1-TINS. ) W1, e
, , N Intra-institutional
(34) share of net income income of institution i'e
|:_ tra.\nsf.er fr'om.:| = of institution i' i', net of savings and INSDNG transfers
institution 1' to 1 . .
transfered to i direct taxes teT
Y, = DY YIR + > TRl +YINT,
feF i'e INSDNG'
. transfers from other net
incomeof |_ | factor . .
|:. - :| = |: i|+ domestic non-government |+ | interest
intitution i income N .
institutions income
- Income of
(35) +trnsfr, ., - CPI, +trnsfrpe - POR, - CPI, INSDNG ggyeﬁf’egfn'
teT
4| transfersfromgovernment | transfers from € ingtitutions
to non-household institutions government to households
+trnsfr, o, - EXR +trnsfrpg, . - POP - EXR
+ transfers from Rest of World + transfersfrom
to non-household institutions Rest of World to households
TINS , =tins,. - (1+ TINSADJ; -tins01, ) + DTINS; - ins01, Direct tax rates
ie .
for domestic
(36) direct tax base rate adjusted point change INSDNG non-covernment
rate for = for scaling for +| for selected teT . -g .
Institutions
ingtitution i selected ingtitutions ingtitutions
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Psy; -1

— ((1-TINS,)-V1,, -
MPS, =MPS, - S (1+MPSADJ; - mps01, )
’ POR,
margine.“ |:ex0genous:| ad ugment_ for scaling adjustrment . Savings rates for
propensity | = x per - capita x for selected ie .
(37) to save term post - tax income institutions INSDNG | domestic non-
teT government
+ DMPS; - mps0L, ingtitutions
point - change
+ adjustment for
selected institutions
INSSAV,, = MPS, - (1-TINS, ) - Y1, Savings for
. . i€ INSDNG | domestic non-
(38 ) savings income of
savings for | _ S government
institutioni | | A" Instittion | ingtitutions
n ingtitution | | (net of direct taxes)
EH,,=|1- Y shii, [-(1-MPS,,)-(1-TINS,,)-YI,,
ic INSDNG he H Household
(39) consumption
household income household income, net of direct teT expendi?ure
disposable for = | taxes, savings, and transfersto
consumption other non-government ingtitutions
QH chit - POPh,t *
B - ﬂ_ZPQ' '7m'_ZZPXAC L ceC Household
c,h POPM ot c't c'h gyl a,c't a,c'h (S ConSJmption
(40) Ymep + ' 5 he H | demand for
Q. teT commodities
from market
quantity of household
household demand | = f consumption
for commodity c spending, prices
QHAa,c,h,t = POPh,t ’
B EH > 33 ae A Household
hac ’ N - PQC : mc' - PXACa'c' ’ a'.c' ouseno
(41) on POP | (=¢ AL by ey e M ceC consumption
Maen PYXAC he H | demand for own
act T production
€

quantity of household demand = household consumption
for commodity c from activity a spending, prices
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YGl: Z TINS,t'YIi,t+ztff,t'YFf,t+ztaa,t'PAat'QAa,t
ic INSDNG fer a A

fromfactors

government | _ direct taxes direct taxes
revenue | | frominstitutions

:|+ [ activity tax]

"'Ztvaa,t ‘PVA-QVA + D tm, - pam,-QM,, - EXR
A

ccCM
+ [value-added tax] + [import tariffs] Government
(42) teT recurrent
+ Z te - pwe - Q- EXR + Z 10 - PQct - QQcy revenue
ceCE ecC
+ [export taxes] + [ salestax]
+Z Yl I:gov, f,t +_ Z TRII gov,i t +trnsrrgov,row,t : EXR
feF ie INSDNG
+ [ factor income] + |: dotr:‘g?::eirr?stfirtzrt]iqons} [transfers from Row ]
EG =) PQ.,-QG,+ > trnsf, -CPI,
ceC ie INSDNH
government | _ | government + transfers to domestic
spending - consumption non-household institutions
+ > trnsfrpe, o, - POP, - CPI  +trnsfr, o, - EXR Government
he H
(43) teT recurrent
transfersto domestic | | transfersto expenditures
households Rest of World
+ Z gintrat, . - GBOND, , + fintrat, .- FDEBT, - EXR
ie INS
+ interest payment + interest payment
on domestic debt on foreign debt
QGc,t = QGc,t—l
T BT ceC
" [1+ RQGT, + Cg(;rqgadjm,,t RQGCTC.J (7 Red governmen
consumption
|:real government } {real government } |: [growth :|:| t>1
consumption =| consumption A1+
) ) rate
of cint of cint-1
GSAV, =YG, - EG, Government
(45) government | government B government teT savings
savings | recurrent revenue recurrent expenditures
Investment block
PKf,t = Z capcomp, ; - PQc,t f € FCAP )
(46) ceC Price of new
teT capital stock

priceof new | _ | total value of commodities ¢
capital stock B per unit of new capital
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INWAL,, = 2 PK,,-DKINS,, . Government
(47) : teT fixed investment
government fixed | | government spending value
investment value | |  on capital goods
INWAL,,, =GSAVY, - > PQ,, -qdst, ,,, + DGBONDTOT,
ceC
government fixed | | government | | spending on + total change in holdings
investment value | |  savings stock changes of government bonds Government
(48) teT investment
+CBBORTOT, + (FBOR sovt + FGRANT go |- EXR financing
Government Central Bank foreign borrowing and
borrowing (deficit monetization) foreign grants (in LCU)
ghdist; - INSSAV,,
DGBOND, , = : L___.DGBONDTOT,
gbdist; - INSSAV, Allocation of
i'e INSDNG! i government
(49 . 4 |: savings by :| INSDNG | bond borrowi ng
change in holdings of by intitution i (scaled) total change across domestic
|: government bonds :| = |: in holdings of :l teT non_govemment
by instituti i total institution t bond: . . .
y institution i |:%1vingsvalue } government bonds ingtitutions
CBBOR, = godist, '_INES Vi -CBBORTOT, Allocation of the
’ ghdist; - INSSAV,., burden of
i'e INSDNG' ie Central Bank
(50) [ savings by } INSDNG | borrowing across
Government Central Bank | _ [ Byinstitutioni | | (scaled) total Government teT domestic non-
borrowing by ingtitutioni | total ingtitution Central Bank borrowing QOV?r”ment
savings value Institutions
INWAL,, = INSSAV, — >" PQ, - qdst,, , — DGBOND,,
ceC
non-government fixed | ) | stock _| changein holdings of .
|: investment value J - [mvmgs] |:changesj| |: government bonds j| Ie INSNG ;Pr\\/e;erimzr?or
(51) teT non-government
~CBBOR,, +(FBORi + FGRANT, + fdi,, ) EXR institutions
_|:Government Central :| + |: foreign borrowing, grants, :|
Bank borrowing and direct investment (in LCU)
i € INSNG
PK, .-DKINS ; = dfcfshr, . - INVWAL ¢ C ECAP Non-government
(52) non-government spending | __ | total fixed investment value inv_eament by
on capital stock f | times sharefor capital stock f teT capltal stock
DKGOV, > > |ifa,, QA - A, —QFACINS,_ .. -(1—depr,) fe
" A 2 o) gov. 1.t f FCAPGOV | Real government
(. a)cMFA o demand for
(53) teT investment in
t>1 capital stock f

investment demand
for capital

next year (based on current
production and its growth)

(after depreciation) next

gross gover nment anticipated demand for capital remaining capital stock
year if noinvestment

|
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fe

DKINS,, ; , = DKGOV;, FCAPGOV | peql government
(54) |: grossinvestmentin f of :| _ |:gr0$ government investment j| teT mvgstment n
ingitutionins(here "ins' = gov) | demand for capital t>1 capital stock f
_ . Total real
QINV,, = > | capcomp, ’Z DKINS ;, ceC | e
(55) f € FCAP ie INS
_ _ teT demand by
|:real investment t_iemand :| _ |: demand for c_for.ear_:h type of capltal, :| Commodity
for commodity ¢ summed over all ingtitutions and capital types
System constraint and macro block
QFS;, = > QFACINS |,
(56) ieINS feF Factor
supply of | _ sumof all teT supplies
factor f | institutional endowments
Z QFf at = QFSf t
ae A fe F
(57) Factor markets
demend for | _| supply of teT
market factor f market factor f
QQct = ZQI NTc,a,t + Z QH c,ht +QGc,t
ac A he H
o B o ol i ¢ | Composte
(59) Ce commodity
teT markets
+Ql NVc,t + Z qutc,i t +QTc,t equilibrium
ie INS
[ fixed :| |: stock j| [tradeand}
+ + +
investment change transport
Z Yl I:row,f ,t ‘ Z TRII row,i,t
wm.. -OM . + feF +|eINSDNG
CEZC;A pwm,, - QM EXR, EXR,
import factor income transfers from domestic
spending to Rest of World non-gov institutions to Row
+trnsfr,, o + O, fintrat,, - FDEBT,,
ic INSD
+|: transfers from :| |:interest payment :| Balance of
government to RoW on foreign debt payments
(59) teT (inforeign
=> pwe,-QE, + > trnsfr, + > trnsfrpc, . - POPR,, currency)

ceCE ie INSDNH he H

— | export + transfers from RoW to domestic + transfers from RoW to
revenue non-household institutions domestic households

+> trnsfr, .+ > (FBORi«+FGRANT )+ fdi

feF ie INSD

+ factor income + borrowing + grants + foreign direct
from RowW from RoW from RowW investment

row,t
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GDPREAL, = > > PQJ-QH,, +>. > > PXACY, -QHA, .,

ceC heH acAceC heH

[real GDP] _ |:household n?rka:| +|: hougehold own _ :|
consumption production consumption

+Y PQY-QG,, + Y. PQY-QINV, + > > PQY-qdst,;,

. Real GDP at
(60) ceC ceC ceCie INS teT market prices
|:governn‘ent:| |: fixed :| |: stock :|
+ U+ +
consumption investment change
+Y EXR’- pwe) -QE,, — > EXR’- pwn-QM
ceCE ' ccCM '
+ [exports] - [imports]
D> EXR’- pwel -QE,, + Y. EXR’- pwn{-QM,,
TRDGDR === GDPF;th Redl Trade-GDP
rade-
(61) teT | raio
ratio of _ [real trade]
tradetoGDP | [real GDP]
GDPREALFC, =" pva} - (1-tval,)-QVA,,
(62) asA {cT | RedGDPa
real GDP | _ [ value-added factor cost
at factor cost | | net of taxes
CORE CGE MODEL: BETWEEN-PERIOD MODULE
Asset stock updating block
> QFACINS,,,
POR,, = POPSCAL, - POPR, - —<f8
ht Lt ht-1 Z QFACl Nsn‘f = he H Population b
(63) f € FLAB teT P Y
~ household
population of population population of factor for labor t>1
householdh | = scaling *| householdh |-| forcegrowth
inyear t factor for t | inyear t-1 for household h
poptot, = >’ POR,,
(64) heH teT Population by
|:t0tal population ] _ |:sum of population j| t>1 household
(exogenous) |~ | for householdsh
he H
FACIN =QFSCAL, . - POPR,, - df fe Non-labor
Q S =Q ft ht " ARG, ¢ ¢ (FEXOG ~ | factorawith
(65) stock of non-labor | _ | scaling | | populationfor | | per-capita stock FLABN) exogenous total
factor f by household |~ | factor household h for household h teT,t>1 stocks
B fe Constraint of
gfachhtot, , = ;‘ QFACINS, (FEXOG ~ | total household
(66) total household stock of f di ted AR Stocks of
otal household stock o _ | sumof disaggrega T ~
[exogenous non-labor factors} - |: household stocks J e ﬁ:t?cﬂepa%?s}:m
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QFACINS ; , =QFCAPRED, ; ,, + DKINS ; ; + gfaci nsadji’f -

i e INS

_ f € FCAP | Capital stocks by
(67) St(:;g :ff E:Z'taj _ | redistributed old 4| gross stock + | exogenous adjustment T 51 institution
by insiitution capital stock changeint-1 in capital stock teT,t
QFCAPRED, , , = (1-depr,)-QFACINS ,, if i¢ H
o o i e INS
POR, | ... o
=(1—-depr,)-QFACINS;, -| QFSCAL,, - : ifieH f € FCAP | Redistribution of
(68) f ot ft .
POR teT t>1 old capital stocks
redistributed old capital | _ | depreciated | | (if institutioniisa household, then the depreciated
stock by institution i - capital stock capital stock is scaled for population changes)
Constraint on
h;“QFCAPREDMt = (1—depr, )-;QFAG NS, . fe FCAP | ol household
69 capital stocks
©9) total redistributed (and _ | sumof disaggregated (and depreciated) teT, t>1 afatper
depreciated) household stock |~ | household stocks before redistribution redistribution
FDEBT,, = FDEBTRED, , , + FBOR , , _
. L ' o 1€ INSD | Eoreign debt of
(70) +( fintratdug, , — fintrat,,,)- FDEBT, , — fdebtrelief, e T dormedic
foreign | _ redistributed + foreign bor- + unpaid intereston | | foreign debt t>1 ingtitutions
debtint | foreign debt in t-1 rowingin t-1 foreign debtint-1 reliefint-1
FDEBTRED,, = FDEBT,, if i¢ H
POP ie INSD
1) = FDEBT, (FDEBTSCAL[ tj ifieH et Redistribution of
-1 old foreign debt
redistributed old foreign | __ | original | | (if ingtitutioni is a household, then the foreign t>1
debt by institution i | debt debt is scaled for population changes)
> FDEBTRED,, = > FDEBT,, Constraint on
(72) heHt heH teT total household
total redistributed | _ [ sum of household debts t>1 foreign debt after
household debt |~ | before redistribution redistribution
GBOND, , = GBONDRED, , , + DGBOND, , , i IENSDNG Government
(73) stock of government redistributed holdings of government te T bond h(_)ldl ngs of
bond held by =| stock of government bond |+ | borrowing t>1 _don_1est'|c
institution i held by ingtitution | in t-1 fromi int-1 institutions
GBONDRED,, =GBOND,, if i¢ H _
le S
POP o Redistribution of
) = GBOND, -[GBONDSCAL[ St J if ie H  INEPNG | hotdings of old
it-1 ¢ i 1 government
redistributed oldbond | _ [ original | [ (ifinstitution i is a household, then the bond bonds
holdings by institution i | bond holdings holdingsis scaled for population changes)
Constraint on
> GBONDRED,, = > GBOND,, total household
(75) her her teT holdings of
total redistributed _ | sumof household bond holdings t>1 government
household bond holding | ~ before redistribution bonds after
redistribution
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C¥vaavt = avazavt .

[1

fe FCAP

> tfptrdwt, .- TRDGDPR.

Z QFACI NS'” tfpdanga,f.t

icINS

Y QFACINS,

icINS

tfpelastrd,

(76) et ae A | Efficiency (TFP)
TRDGDP® teT | byactivity
f: ratio of all
. endogenous product o raIlog a weighted avg. (over time)
efficiency current real capital )
trend L of ratios of openness
term for = endowment f to inital - )
- term for ) to initial value, raised
activity a activity a value, raised to the relevant elastici
y to the relevant elasticity v
Qtaz, = 2, -(1+ CALTFPGT  tfpOL,  +ctvega, ) ac A
TFP trend term
(77) endogenous endogenous growth teT by activity
trend term for | = | trend term for -| adjustment t>1
activity a activity ain t-1 factor
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Table 3. Notation for MDG module of MAMS model

SETS
Symbol Explanation Symbol Explanation
. households (excl. NGOs) ={ h = the single
ae A activities he H househol d}
student behavioral characteristics ={rep =
repeater; dropout = dropout; grd = . . -
be B graduate; grdcont = continuing graduate; b.b'e MBB g&%%;g_b{e(t;/veegz)(lgu%REr? and b’ (in
€ grdexit = exiting graduate; glentry = ! rdexi t. ; dco?']% pout).grd,
entrant to grade 1; grdcyc= grad from last 9 9
cycle-year; contcyc = grad within cycle}
mapping between b (in BRES) and all
be BLOG , . i . elements b’ (also in BRES) that are
(cB) fsltﬁ:iﬁgnbf?a\rlhor ?gtcec:rr]r;meldert])t); |}(:JgIS[IC b,b'e MBB2 | related to the same element(s) in BLOG:
=g 9 y ={rep.(rep, dropout), dropout.(rep,
dropout), grdexit.grdexit}
mapping private and public education into
be BRES student behavior determined by residua 1 education commodity, by cycle
( c B) scaling ={ rep = repeater; dropout = c,.c'e MCE = { c-edupl.(c-edupl, c-eduplng)} where
dropout; grdexit = exiting graduate} c-eduplng is private 1% cycle primary;
similarly for c-edup2, c-edus, and c-edut.
mapping between aggregate (CMDG) and
disaggregated MDG service commodities
ceC Commodities c,c'e MCM (CHLTH and CWTSN) = { c-hlt.(c-hlt1g,
c-hlt2g, c-hit3g, c-hltlng, c-hlt2ng, c-
hit3ng} and { c-wtsn.(c-wtsn)}
ce CEDU education services ={ c-edupl = 1% cycle
(cC) primary; c-edup2 = 2™ cycle primary; c- mdg e MDG selected MDG indicators
edus = secondary; c-edut = tertiary}; can ={ mdg2, mdg4, mdg5, mdg7a, mdg7b}
include both private and public education
educational cycle that corresponds to the MDG2 int is defined as the product over
ce CELA | 45e at which non-students would enter the | mmdg2(t,b,t) | selected combinations of band t' (where
labor force t'e T11)
health services (public) ={c-hlt1lg = low- md MDG indicators ={ mdg4 = under-5
ce CHLTH tech; c-hlt2g = medium-tech; c-hit3g = gM DGSTD mortality rate; mdg5 = maternal mortality
(C C) high-tech} ; corresponding private health € rate; mdg7a = access to safe water;
services labeled with “ng” mdg7b = access to basic sanitation}
cmdg aggregate MDG (non-education) service f,ce MFC mapping between labor types and cycles
c CMDG commodities = { c-hit = aggregate health of education ={flab-n.(c-edupl, c-edup2);

in MDG functions, not in C; c-wtsn =
water-sanitation services}

flab-s.(c-edus); flab-t.(c-edut)}
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water-sanitation service commodities md arguments in CE function for MDGs
i /ICe : garg € ={ cmdg = agg commodities; mdg =
ce C\NI_S(':\I {c-wisn = water-sanitation services} MDGARG | gifferent MDGs; fcapinf = infrastructure
(C ) capital stocks; hhdconspc = per-capita
hhd consumption }
arguments in CE function for educational
behavior ={ edu-qual = gnty of services
per student; wage-prem = skilled-
edarg e unskilled wage ratio; wage-prem2 = . .
EDARG | superskilled-skilled wage ratio: mogd= | L€ T time periods
under-five mortality rate; fcapinf =
infrastructure capital stocks; hhdconspc =
per-capita hhd consumption}
labor factors {f-labn = less than 12 yrs of
education; f-labs = 12-14 yrs of education time periods including preceding vears
f e FLAB (secondary education or 2 years of te T11 b 'ngp gy
S - for MDG2 calculation
tertiary); f-labt = more than 14 yrs of
education (at least 3 years of tertiary)
PARAMETERS
constant in logistic function for 0-1 constant showing that for ¢’ next
edy e educational behavior gracontOl, . cycleisc
llog g ﬁgséaimévogns;ﬁ function for ord, ordinal position of tintheset T
constant in constant-elasticity opulation in age cohort entering arade
My function for intermediate MDG popageg], E puiaioninag 'ngg
variable
. . . population in age cohort entering labor
Dedy Zgﬂ;??;;\;lggi\f;fncuon for popagelab, force (age at end of amode! education
cycle)
B G g ﬁg%ﬁ;}?;?g%ﬁﬁ function for poptot, total populationint
elasiicity of behavior bin cyclec number of non-cohort (non-1st-year-
Pedy, ¢ oarg w.r.t. argument edarg in educational | qglentncoh,, ; : y
B congtant-elagticity function ' primary) entrants to first cycle
elasticity of mdg w.r.t. argument ) e
om mdgarg in constant-elasticity Shlf‘of t $1are of domestic ingtitutioni in
9.magarg function for MDG Lt income of factor f
_ 0-1 parameter showing that for
depr, depreciation rate for factor f shrdemotoz, . dropoutsfrom ¢ the highest cydleis c
. . share of drop-outs and leaversin cycle
discrat discount rate Shrriabent, c that enter the labor foree
maximum share for educational share of labor type f of labor force
EXted, . behavior b in cyclec Shriabent2, entrants without education
extm maximum value for MDG 7a and 7b; rlev yearsin school cycle for each education
mdg minimum value for MDG 4 and 5 YrHeve

cyclec
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VARIABLES

educational quality in cyclecin year

endowment of labor typef for

EDUQUAL, |, QFACINS ingtitution i int
EG, government expenditures QH.,, ﬁgﬂ:&?ﬁ%ﬂ of commodity cin t by
INVVAL, , investment value for ingtitution i QHA, 1t glﬁfgﬂﬁ?\ﬂ?@ffg&ﬁofgrﬁmwty
MDGVAL, ;| valuefor MDG indicator mdg int QHPC, Per-capita household consumptionin t
value for intermediate MDG . . .
MDGINT, ;. | indicator mdg in period t (entering QQ., ?T:J;r;t‘;y(:;goggijj Sﬁpllleg to domestic
logistic function) P PRIy
government and NGO provision of
PQ,, price of commodity cint QXHLTH aggregated health services related to
health MDG
PXAC, ¢ price of commodity ¢ from activity a | SHRed, ?eﬁ;?;r%ﬁe{‘ts in cyce cwith
; HRedint value for intermediate indicator of
QENR_, tCOtSI encu mbeéa?ftaudmts enrolledin bet educational behavior bin cycle c and
Y Y timet (entering logistic function)
number of old students enrolled i WEs id for factor f i
QENROLD,, umber of old students enrolled in economywide wage for factor fint
’ cyclecinyeart
QENRNEW, ) number of new students enrolled in

cyclecinyeart
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Table 4. Equationsfor MDG module of MAMS model

# Equation Domain Description
SHRea, ., = ext P
edbct: edbc+ ' be BLOG
G J ) 0
1+ yed, .- EXP( e, . - (SHReant, , — SHReay ) )  ceny, | Sudent beravior
€ .
(78) student sharewith i logistic function of intermediate teT EL?%?(')%ZO
behavior bincyclec behavior variable( S'|Redi”tb,c,t )
(ped ,¢,"edu-qual "
SHRdint, ., = SHRedy - (EDUQUAL,, )™ "™
¢Edb‘c‘" wage- prem" (pedb.c.” wage- prem2"
. WE e i . WE o t
VVF”f ~labn" t VVF"f ~labs' t
pedy <o @edy ¢ teapint od . . .
‘MDGVAL et ( > QFACINS, . ) - QHPC b trmnsx Student behavior
' icINS ' ' be BLOG | (constant-
elasticit
(79) [internediatevariable for student :| ) |:exogenous :l ceC functior?/defini ng
sharewith behavior bin cyclec trend value teT intermediate
variable)*
influenceof : education quality (service per student);
wage premia (for ¢ < secondary and ¢ > tertiary,resp.);
» student health (proxied by MDG4);
level of infrastructure; and per -capita household consumption
0
z QQc',t z QQ(;‘
ceC ceC ce CEDU
EDUQUAL . — |(C,C')€MCE |(C,C')€MCE .
. 0 teT
(80) C QENRCt QENRC Ed;c;anonal
t>1 quality
educational quality real services per student real services per student
incyclecin year t - incyclecint . in cycle c in base-year

% The orand 3 parametersin the logistic functions (Equations 83 and 90) have been calibrated so that (i)
under base-year conditions, the left-hand side variables (showing student behavior shares or MDG values)
will replicate base-year values; and (ii) under conditions derived from supporting studies of health and
education, the left-hand side variables will take on values indicative of or compatible with MDG
achievement.

2 In the computer program, equations 84 and 91 (constant-elasticity functions defining intermediate
variables for educational behavior or MDG achievement) are more complex in two respects. First, the terms
that are raised to exponents, which represent elagticities, are all divided by base-year values. This
formulation was preferred given our desire to simulate scenarios with changes in elasticities but without
any changes in simulated base-year values for left-hand-side variables. Second, for the element grdcont
BLOG, the decision to continue to the next education cycle depends on the values for the right-hand side
variables that correspond to the next cycle.

41



Z Z PQ(? ’ QH c,ht + Z Z Z PXAC'.SC ’ QHA%\,C,h,t

HPC __ceCheH acAceCheH
QHPC, = n Real household
(81) poptot, teT consumption
|:real household cons —j| [total household consumption at base - j| per capita
umption per capita year pricesdivided by total population
SHRed,
_ b,c,t .
S_IRedb,c,t =|1- Z S_IRedb‘,c,t HRe be BRES Student behavior
‘l:()‘g BLoe z edy o t (defined resid-
be b'e BRES i
82) (bb)eMBB2 ce CEDU | ualy, given left-
- _ teT hand side of the
student share residual value(1less sum initial shareof bin € Iogistic function
with behavior | =| of shares for related -| total shares for related for education)'
bincyclec elementsin BLOG) | residual elements
_ grd" c;t
S_IRed"grdcyc",c,t - | .
yriev, ce CEDU | Oraduation rate
(83) student sharethat teT by ?yd eaga“o
student sharethat graduates number of years cycle graduates
graduates from | = + over enrollment)
in each grade within cycle c incyclec
cycle cin year t
S_|F\)Ed"contcyc" Ct = S_”:\)ed"grd" ot S_|Red"grdcyc" Ct
ce CEDU
(84) student sharethat student sharethat student sharethat T continuation rate
€
continuesin cycle |=| graduates ineach —| graduates from by CyC|e
cinyear t grade within cycle ¢ cycle cin year t
MDGVAL .» .= I SHRetyrocapr s
beB,t'eT11
mmdg2(t,b,t’)
(85) | teT |MDG2
|: first cycle primary school i| |: product of student shar&j|
net completion rate for first cycle primary
QENROLD_ = SHRed "QENR . - + SHRed -QEN ce CEDU
ct " contcyc”,c,t-1 Rc,l—l "rep",c,t-1 Rc,t—l T
te Enrollment old
(86) number old students enrolled incyclecint-1 enrolled incin sud
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Table 5. Alternative closure rules for macro balances

Gover nment GOV-1 GOV-2 | GOV-3 | GOV-4 | GOV-5
Direct tax rates fixed flexible* fixed | flexible* | fixed
Government savings flexible flexible | flexible | fixed flexible
Government bond borrowing flexible fixed fixed fixed fixed
Foreign borrowing fixed fixed fixed fixed flexible
Foreign grants fixed fixed flexible | flexible | fixed
Rest of World ROW-1 ROW-2 | ROW-3

Exchange rate flexible flexible | flexible

Foreign grants fixed flexible fixed

Foreign borrowing fixed fixed flexible

Savings-investment Sl-1 Sl-2 SI-3

Private investment absorption share fixed flexible | flexible

Total investment absorption share flexible flexible fixed

Private savings rate flexible fixed flexible

Notes: * uniform point change for selected domestic non-government institutions
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