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Abgtract

This paper presents an gpplied microsmulation mode built on household datawith
explicit trestment of heterogeneity of skills, labor preferences and opportunities, and
consumption preferences at the individua and/or household level, while dlowing for an
endogenous determination of relative prices between sectors. The modd is primarily focused on
labor markets and labor alocation at the household leve, but consumption behavior is aso
modeled. Modding choices are driven by a desire to make the best possible use of
microeconomic information derived from household data. This framework supports analyss of
the impact of different growth drategies on poverty and income distribution, without making use
of the “representative agent” assumption. The mode is built on household survey data and
represents the behavior of 4,508 households. Household behavioral equations are estimated
econometricaly. Different sets of smulation are carried out to examine the comparative satics
of the modd and study the impact of different growth strategies on poverty and inequdity.
Simulation results show the potentia usefulness of this class of models to derive both poverty
and inequadity measures and trangtion matrices without prior assumptions regarding the intra-
group income digtribution. Market clearing equations alow for the endogenous determination of
relative prices between sectors. The impact of different growth strategies on poverty and
inequdlity is complex given generd equilibrium effects and the wide range of household postions
in markets for factors and goods markets. Partid equilibrium andyss or the use of
representative househol ds would miss these effects.
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1. Introduction

The nature of the links between economic growth, poverty and income digtribution isa
question that is centrd to the study of economic development. A number of gpproaches have
been taken to anayze these links. This debate has aso contributed to raisng the question of
how to congtruct of suitable tools to analyze the impact of macroeconomic policies on poverty
and income digtribution. More recently, this led to the development of tools for counterfactua
andysisto study the impact of structura adjustment policies. Among these tools, computable
generd equilibrium (CGE) models are widely used because of their ability to produce
disaggregated results at the microeconomic level, within a condgstent macroeconomic framework
(Addman and Robinson, 1988; Dervis et d., 1982; Taylor, 1990; Bourguignon and d., 1991;
De Janvry et d., 1991). Despite this ability, CGE models rest on the assumption of the
representative agent, for both theoretica and practica reasons. From the theoretica point of
view, the existence and uniqueness of equilibrium in the mode of Arrow-Debreu are warranted
only when the excess demand of the economy has certain properties (Kirman, 1992,
Hildenbrand, 1998). The assumption that the representative agent has a quas- concave uitility
function ensures that these properties are met at the individua leve, which, in turn, makesit
possible to give microeconomic foundations to the modd without having to solve the
digtributiona problems. From a practica point of view, severa reasons judtify resorting to this
assumption. On the one hand, the construction of macroeconomic models with heterogeneous
agents presupposes the avail ability of representative microeconomic data at the nationa level, a
congruction which is often problematic given the difficulty of reconciling household survey data
and nationd accounts data. In addition, the solution of numerica modds of sgnificant Sze, was
until recently limited by the data- processing resources and software available.

The sudy of income digtribution within this framework requires, initialy, identifying
groups whose characterigtics and behaviors are homogeneous. Generating the overdl
digtribution from the distribution among severa representative groups requires severd
assumptions, in particular on the form of the income digtribution function within each group. The
maost common assumption in the gpplied modds is that have awithin group distribution of
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income has an endogenous average (given by the modd) and fixed higher moments. It iswiddy
agreed that it would be far more satisfactory to endogenize the income variance within each
group, Since its contribution to the tota inequdlity is generdly sgnificant, whatever the rdlevance
of the classfication consdered. This consderation led to the development of microsmulation
models.

Microsimulation modes, which were pioneered by the work of Orcuitt (1957), are much
less widdly used than applied computable generd equilibrium models. In the mid-1970s various
teams of researchers developed microsmulation models on the basis of surveys. Most of them
tackled questions related to the distributive impact of welfare programs or tax palicies. Since
then, many applications have been implemented in developed countries to evauate the impact of
fiscd reforms, or health care financing, or for studying issues related to demographic dynamics
(Harding, 1993). Another path followed recently consists of models based on household
surveys carried out at various dates built to identify and analyze the determinants of the evolution
of inequdity (Bourguignon et d., 1998; Alatas and Bourguignon, 1999). Microsmulation
models can be complex depending on whether individua or household behavior istaken into
account and represented. The mgority of the analyses based on microsmulation models are
conducted within aframework of partid equilibrium. Genera equilibrium effects have been
incorporated Smply by coupling an aggregate CGE modd with amicrosmulaion mode in a
sequentid way (Meagher, 1993), but this framework prevents taking into account the reactions
of the agents at the micro level. To our knowledge, only Tongeren (1994) and Cogneau (1999)
have carried out the full integration of amicrosmulation mode within a genera equilibrium
framework, the former to andyze the behavior of Dutch companies within a nationd framework,
the latter to study the labor market in the town of Antananarivo. Building on this last modd, we
developed amicrosmulation modd within a generd equilibrium framework for the Maagasy
economy as awhole. Thismode is built on microeconomic detato explicitly represent the
heterogeneity of qudifications, preferences and labor alocation, as well as consumption
preferences at the microeconomic level. In addition, relative prices are determined

endogenoudy through market-clearing mechanisms for goods and factors. The modeling choices
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were made to best utilize the microeconomic information derived from the household data

The paper is organized as follows. In Section 2, we discuss the modding of income
digtribution. The methodology is then described. The microeconomic basis of the modd is
presented in Section 3, the genera equilibrium framework is sketched in Section 4, and the
presentation of the results of the estimates of the behaviord functions as well asthe cdibration
of the modd are presented in Section 5. Ladtly, the results of smulations with various growth

shock and socia program scenarios are presented and analyzed in Sections 6 and 7.

2. Modeling Income Distribution
2.1. Some Results of Theoretical M odels

The semina work in this field was produced by Kuznets. Starting from the andysis of
the historical evolution of inequdity in the development of two industrial economies (Germany
and the United-Kingdom), Kuznets proposed a generd law that structured, and il structures
today, the debate and the fidd of andysis of the link between growth and inequality. This law
can be summarized asfollows: in the early stages of development, inequadity increases, then
decreasesin the following stages. Many models have been devel oped to give theoretica
foundations to this law. In the dud economy model of Lewis, the development process implies
the transformation of an economy where the agricultura sector (synonymousin this context with
traditiona and rurd) condtitutes the main source of employment into an economy dominated by
the indusdtrid sector (synonymous with modern and urban). During this process, the
displacement of |abor from the traditiond sector to the modern sector contributes to an increase
in inequaity (snce the average wage in the modern sector is usudly higher than in the traditiona
sector), until 50% of the population has migrated into the modern sector. Then, the overal
inequeity will drop, provided that inequaity in the modern sector is not higher than in the
traditiona sector. A formdization of the dua economy mode by Robinson (1976) made it
possible to specify the assumptions on which the U-curve rests. These assumptions include i)

income variance in the two sectors of economy isfixed, ii) thereis no selection bias of migrating
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households, iii) terms of trade are exogenous.

Econometric andysis of the Kuznets law thus far has been mainly carried out on cross
country data (Alhuwalia, 1976; Anand and Kanbur, 1993; Deininger and Squire, 1996). These
empirica studies have provided mixed results. In pardlel, many comparative statics analyses
garting from the dual economy model  have been done to assess the impact of growth on
inequality (Bourguignon, 1990; Baand and Ray, 1992; Eswaran and Kotwal, 1993). The
common mechanisms emphasized in these works are the following i) labor displacement
between the two sectors is the main engine affecting growth and the evolution of the income
digribution, and ii) income distribution affects equilibrium through variation of the compostion of

demand for goods between income classes.

Through amodd of adud economy in generd equilibrium, Bourguignon (1990)
examines the effect of a"modern” growth shock on the shape of the Lorenz curve and shows
how the nature of growth (equaizing or unequdizing) depends on the parameters of demand.
The origindity of the gpproach lies in the modding of the Lorenz curve to characterize the
income distribution among the three classes of agents represented (capitdigts, workersin the
modern sector, and workersin the traditiond sector), which makes it possible to avoid the
problem of choosing an inequdity indicator, Snce results of various partid measurements can
give contradictory results. Another significant contribution compared to the standard dua
economy mode, is the generd equilibrium framework, which alows taking into account
redigtributive effects through the evolution of the agriculturd terms of trade. The magnitude of
these effects, and thus the equdizing or unequdizing nature of the growth shock, depends on the
characterigtics of the demand for the traditiona good (agriculturd), in particular on the values of
price and income eadticities of the demand for this good. More precisaly, the author shows that
aaufficient condition for the modern growth shock to be equdizing is that the absolute value of
the price elagticity of demand for the traditiond good islessthan or equd to the income
eadticity of demand for thistraditiond good if the latter islessthan 1, or lessthan or equd to 1
if not, and that thisis the case for al household groups. In the particular case where the income
eadicity isthe same regardless of income leve, the comparative Statics analysis shows thet the
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higher the price dadticity of demand for the traditional good for a given vaue of income
eladticity, the more unequdizing the modern growth shock will be. Conversdy, the higher the
income eladticity of demand for the traditional good for a given vaue of price dadticity, the more
equdizing the modern growth shock will be.

Eswaran and Kotwa (1993) studied the impact of various devel opment strategies on
poverty and inequdity through a two-sector moded (agriculture, industry), with two factors of
production (work and land) and two household classes (landowners and landless workers). In
this modd, the distributive mechanisms are driven by the hierarchica specification of
preferences. The authors incorporate Engd’s law in aradicd way by specifying that the demand
for industria good be expressed only when the demand for the agricultura good is saturated.
They then examine the impact of two dternative growth drategies. i) increase in totd factors
productivity in the industrial sector, ii) increase in total factors productivity in the agricultura
sector. They show that the impact of these strategies on poverty and inequality differs depending
on i) the degree of openness of the economy, ii) whether the demand for the agricultural good
by the two household classes of is saturated or not, i.e. depending on the agriculturd leve of
productivity. More precisdly, they show that in aclosed economy, an increase in manufacturing
productivity that leads to adrop in the price of the good produced by this sector cannot benefit
the poor. Because of unsaturated agricultura demand, the poor do not consume the industria
good. In an open economy, on the other hand, a gain in market share due to an increasein the
productivity of the exported goods sector leads to an expansion of this sector and the
redllocation of the agricultura work towards industry contributes in this case to ared wage

increase of landless workers.

The article by Baand and Ray (1991) dso anayzestherole of the compaosition of
demand in the relationship between the distribution of the production factors and the levels of
production and employment. They use agenerd equilibrium modd with three goods. a steple
good, food; a mass consumer good, clothing; and aluxury good, mesat (whose production uses
food). Asin the preceding modd, Engd’s law isincluded by prescribing a minimum of food
consumption and with the utility of the agents depending only on their consumption of clothing
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and mesat. The agents are identicd in terms of preferences and labor supply but differ in their
endowments of land and capital. The modding of the labor market is based on the theory of
efficiency wage. The authors show that a change in the ditribution of the production factors
towards aless equa didribution leads to an increase in unemployment and manutrition.

These various models underline certain stylized facts that can explain the link between
economic growth and inequality. They highlight in particular the importance of the parameters of
demand for food. In the last modd, one of the eements that arise from poverty is put forth:
malnutrition congtitutes one of the most widespread demongtrations of poverty. That judtifies
granting a pecia ook at the agricultura sector when studying the links between the
development gtrategy and the fight againgt poverty.

2.2. Problems Arising from the Construction of Applied Models

Among the tools used for the counterfactud anadyss of the impact of policies and
macroeconomic shocks on poverty and income distribution, computable genera equilibrium
models gpped because of their ability to produce disaggregated results at the microeconomic

levd, within a cond stent macroeconomic framework.

Functional distribution vs. personal distribution

Applied generd equilibrium models, initidly built on the basis of Socid Accounting
Matrices (SAM) with one representative household, have been gradudly “enriched” from the
microeconomic point of view by congtructing SAMsincreasingly disaggregated at the household
account level. This development has alowed carrying out andyses based on a"typology" of
households characterized by different levels of income. Thefirst two generd equilibrium modds
used to study the distributive impact of various macroeconomic policiesin developing
economies are the model of Adelman and Robinson for Korea (1978) and that of Lysy and
Taylor for Brazil (1980). The two models produced different results. The differences were



attributed to the differencesin the structura characteristics of the two economies and the
specifications of the models. Subsequently, Adelman and Robinson (1988) used the same two
models again and determined that the differences were mainly due to different definitions of
income digtribution and not to different macroeconomic closures. The neoclassical gpproach is
focused on the Sze digribution of income, essentidly individudigtic, while the Latin- American
gructuraist schoal is built on aMarxian vison of the society, which considers the society to be
made up of classes characterized by their endowmentsin factors of production and whose
interests are divergent. While the latter defends the "functiona” approach of income distribution,
which characterizes the households by their endowments of factors of production, the former
more often adopts the "persond™ approach, which is based on a classfication of households
according to their income level. The most common gpproach today is to use the “ extended
functiond dassfication”, which takes into account severd criteriafor classfying households.

In order to go from the income digtribution among groups of households to an indicator
of overdl inequdity or poverty, it is necessary to pecify the income digtribution within the
groups congdered. The most common gpproach is to assume that within each group income has
alognormd distribution with an endogenous average (given by the mode) and afixed variance
(Adelman and Robinson, 1988). More recently, Decauwé et a. (1999) proposed a numerical
mode, gpplied to an African prototype economy that distinguishes four household groups and
edimates income digtribution laws for each group that alow taking into account more complex
forms of digtribution than the normal law. It does not alow, however, to rdax the assumption of
fixed within-group variance of income, whase contribution to the overal inequdity is often quite

sgnificant (in generd, more than 50% of the totd variance).

The representative agent assumption

Disaggregetion of the SAM does not alow applied genera equilibrium modds to relax
the representative agent assumption, but leads to amultiplication of representative agents. The

widespread use of this assumption is due to the desire to give microeconomic foundations to the



aggregated behavior, and to establish aframework of andysis in which equilibrium is unique and
gable. According to Kirman (1992), this assumption raises many problems. Firg of dl, thereis
no plausible judtification for the assumption that the aggregate of severd individuds, even if they
are optimizing agents, acts like an individua optimizing agent. Individua optimization does not
necessarily generate collective rationdity, nor does the fact that the community shows some
rationdlity imply that the individuals who make it up act rationdly. In addition, evenif itis
accepted that the choices of the aggregate can be regarded as those of an optimizing individud,
the reaction of the representative agent to a modification of the parameters of the initid mode
can be different from the reactions of the individuas that this agent represents. Thus cases can
exist where of two Stuations, the representative agent prefers the second, while each individud
prefersthe firgt. Findly, trying to explain the behavior of agroup by that of an individud is
condraining. The sum of the smple and plausible economic behaviors of amultitude of
individuas can generate complex dynamics, whereas building amodd of an individud whose
behavior corresponds to these complex dynamics can result in considering an agent whose
characterigtics are very particular. In other words, the dynamic complexity of the behavior of an

aggregate can emerge from the aggregation of heterogeneous individuas with Smple behaviors.

Our approach makes it possible to relax the representative agent assumption in two
ways. Thefirg is by using information a the microeconomic leve - a the household or the
individua level according to the variable being consdered. The second is by estimating
behaviora equations starting from the same microeconomic data. The estimated functions form
part of the mode, which alows endogenizing some of the behavior. The unexplained portion -
the error term or fixed effect - remains exogenous but is preserved, which makes it possible to

take into account eements of unexplained heterogeneity.

3. Microeconomic Specifications of the M odel

The microeconomic specifications condtitute the foundations of the modd. From that
perspective, our approach can be thought of as a"bottom-up” approach. The microeconomic



modeling choices were guided by concern for using and explaining the empirical observations.
Agricultural households occupy a centrd place in the moded and particular care was given to the
specification of their labor dlocation behavior.

3.1. Production and Labor Allocation

We seek to mode the labor dlocation of households among various activities. Three
sectors are congdered: forma, informa, and agriculturd. Individuals can be wage workers or
sdf-employed. Thus, we digtinguish three types of activities: i) agriculturd activity, ii) informa
activity, ii) wage-earning in the forma sector. One of the origina characterigtics of the modd is
explicitly modding the fact that agricultural households are producers. Traditionaly, computable
generd equilibrium modds represent the behavior of sectors that hire workers and pay vaue-
added to households through the production factor accounts. This specification does not alow
taking into account the heterogeneity of producers, nor doesit allow to represent interactions

between production and consumption decisions.

Agricultural Households

Labor dlocation models for agriculturd households are the subject of an ongoing
literature which focuses on estimating the parameters of labor supply and demand (Skoufias,
1994), on the question of the separability of behaviors, on characterizing the types of rationing
faced by these households (Benjamin, 1992), and on the substitutability of various types of
work (Jacoby, 1992 and 1993). Our approach does not constitute a contribution to these
questions but makes use of the theoretica developments and empirical results of thiswork to

construct the microeconomic foundations of the modd.

Traditionally, modding the choices of |abor alocation is consdered in a context where
wage activities are dominant. The existence of one or severd labor markets makes it possible to

refer to exogenous prices to estimate the modd equations. Agricultura households have two



fundamentd characterigtics which justify the extension of traditiona models of the producer and
consumer: the dominant use of family work, and the home consumption of an often sgnificant
part of their own production. Standard labor market models traditionaly distinguish inditutions
that supply work (households) from ingtitutions that require work (companies). This
representation is unsatisfactory to describe the operation of the rura labor market where
agricultural households are institutions that both supply and require work at the sametime. On
the production side, the level of each activity, and consequently the level of |abor demand, is
determined by the maximization of profits. On the consumption side, the demand for leisure, and
consequently the labor supply, is determined by the maximization of utility.

The separability of demand and labor supply behavior depends on the existence and
operation of the labor market: if it exists and functions perfectly, then the household
independently maximizes prafits (which determinesits labor demand) and utility (which
determines its labor supply). In this case, margind productivity of on-farm labor isequd to the
market wage and depends neither on the household’ s endowment of production factors, nor on
its consumer preferences. If, on the contrary, the market does not exist, each household
ba ances its own labor supply and demand, which linksits consumer preferences and its
producer behavior. In this case, the margind productivity of on-farm labor depends on the
characterigtics of the household. These characteristics are made up not only of observable
elements like endowment of production factors, demographic composition, and levels of
education and professona experience of members, but aso of non observable characteristics

such as preference for either on or off-farm work.

Neither of these two models satisfactorily explains the rea operation of the markets,
ether in Madagascar or in the mgority of the developing countries. Many surveys indicate the
smultaneous existence of arurd labor market and different margina productivities among
households. For instance, one typicdly observes ahigher margind labor productivity for bigger
farmers. Various explanations of this phenomenon were proposed within the framework of
gudies on the inverse relaionship between farm size and land productivity. In hiswork on labor
dlocation in agriculturd households, Benjamin (1992) analyzes three retioning schemes:
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congraints on off-farm labor supply, rationing on the labor demand sde, and different margind
productivity between family and wage work.

In our modd, off-farm and hired labor are trested in an asymmetrica way. This
gpproach is judtified by the observation that even households that hire agricultura wage labor
can have low margina productivities of labor, lower than the average observed agriculturd
wage. We thus made the assumption that hired labor is complementary to family labor. The
vaidity of this assumption is reinforced by the seasond character of the use of agriculturd wage
labor in Madagascar. Hiring is particularly important &t the time of rice transplanting in irrigated
fidds. On each fidd, this operation must be carried out quickly, idedly in aday, so that the
seedlings grow at the same pace and appropriate water control can be assured. Typicaly, rice-
grower households cal upon paid work or mutua aid during this period. The technica
coefficient related to non-family work is neverthel ess specific to each household, since the
quantity of auxiliary work depends on the demographic characteristics of the household aswell

as gze of the fam.

On the off-farm employment sde, agricultura households have severd possibilities,
including agricultura or informa wage work, or an informa handicraft or commercid activity.
Since these activities are very labor intensive even though not wage-earning, we have treated
them as activities with congtant returns to labor. Again, empirical observations determined the
choices of specification. It is necessary to find amodd that explains the observation that
households that supply off-farm labor have low margina productivities of on-farm labor. Among
the possible models of rationing, we chose to consider that there are transaction costs and/or
eements of preference, which explain this observation. The labor alocation modd thus
becomes discrete. Households that do not supply work off-farm have amargind productivity of
on-farm labor higher then their potentia off-farm wages, adjusted for costs. Households that
supply off-farm labor have amargina productivity thet is equd to their off-farm wages, adjusted
for transaction cogts. Since the supply of forma wage labor is completely rationed on the
demand side, it does not enter explicitly into the labor alocation mode. An exogenous shock on
forma labor demand will nevertheless have an impact on the time available for agricultural and
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informad activities. It will dso have an impact on household income, which in turn affects total
labor supply.

Non-Agricultural Households

Nonagriculturd households supply informa and/or forma wage work. Their demand
for leisure and consequently their total labor supply depends on their wage rate and income
gpart from labor income. Since the supply of forma wage work is completely rationed on the
demand side, the potentia impact of an exogenous shock on formal labor demand or on the

formal wage rate is the same as that described above for agriculturd households.

3.2. Disposable Income, Savings, and Consumption

Household incomes come from various sources: agriculturd activities, informa activities,
formd wages, dividends of formd capitd, income from sharecropping, and transfers from other
households and from the government. Apart from income from the formal sector and transfers,
al incomes are endogenous in the model. Part of tota income is saved, and the saving rateis
endogenous. It is an increasing function of total income. Find consumption is represented
through alinear expenditure system (LES). This specification makes it possble to distinguish
and take into account necessary expenditures and supernumerary expenditures. Findly, each
activity consumes intermediate goods. The technical coefficients for the agricultura sector are
household- specific.

4. Decription of the General Equilibrium Framework

The generd equilibrium framework is made up of equilibrium equations for goods and
factors markets. This framework makesit possible to take into account indirect effects through
changesin reldive prices. Macroeconomic closures nevertheless are not specified explicitly. The

implicit assumptions are that government savings and totd investment are flexible, thet the
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exchange rate isfixed, and foreign savings are flexible.

The modd is a static modd with three sectors: agriculturd, informd, and formd. The
agricultural sector produces two types of goods, a tradable good that is exported and a non-
tradable good. The two other sectors each produce one type of good. The informal good isa
non-tradable good, while the forma good is tradable. The production factors are labor, land
and forma capitd. Tota labor supply is endogenous and determined at the household level. The
levels of agricultural and informa production are also determined at the household level, asisthe
agriculturd labor demand. The informa labor demand is determined a the aggregete leve by
the demand for informa good and for agriculturd wage labor. The supply of informal [abor is
determined a the individual leve through the labor alocation modd described earlier. The
formal labor demand is exogenous. Capita stocks (land, cattle and agricultura capital for the
agriculturd sector, forma capita for the forma sector) are specific and fixed for agriculturd and
formd activities, while the capitd used in the informa sector is integrated into work. Capitd and
labor are subgtitutable in agricultura technology represented through a Cobb-Douglas
gpecification. The formal labor market operates with exogenous demand at fixed prices. The
alocation of work between agricultural and informa production is determined at the
microeconomic level, according to the labor alocation model described in section 3.

Although the mode is based on informetion at the household level, an aggregate socid
accounting matrix (SAM) with 13 accounts can be derived from the source data (Table 1). In
this aggregated SAM, the labor factor is disaggregated into three types of work: agricultural
family work, informa wage work and formal wage work. The household account is
disaggregated into two accounts, one for urban households and the other for rura households.
The forma sector account is an aggregate of private and public forma activities accounts, while
the last account (RES) is an aggregate of the accounts of the formd firms, government, saving-
invesment and rest of the world. This matrix summarizes the modd accounts, which include
4500 households, of which approximately 3500 are agricultura producers. Thus, there are
thousands of household, factor, and activity accounts in the full mode SAM.



Table 1: Social Accounting Matrix (billions of Francs M algaches 1995)

AGR INF FOR L1 L2 L3 T K M-URB M-RUR | RES TOT
AGR 2087 1438 515 893 1580 (1751 |8263
INF 779 439 386 1378 1525 4507
FOR 1168 519 5530 2733 2564 347 12
862
L1 1986 1986
L2 170 1598 1767
L3 2193 2193
T 2073 2073
K 200 4238 4439
M-URB 221 976 1749 231 1848 5024
M-RUR 1766 792 443 1843 695 131 | 5669
RES 313 1896 20 2229
TOT 8263 4507 12 11986 1767 2193 2073 4439 5024 5669 |[2229
862

L1 = agriculturd family labor

L2 = informd labor

L3 =formd labor
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5. An Application to M adagascar

Some of the microeconomic functions were estimated on cross-sectiond data: the
agricultura production function and the informa income equation at the household level and the
forma wage equation at the individua leve. On the consumption side, the parameters of the
linear expenditure system and the labor supply function could not be estimated but were
cdibrated usng estimates found in the literature and data derived from the household survey and
the SAM.

5.2. Estimation Results

The econometric techniques implemented are inspired to the extent possible by
econometric work relating to household labor dlocation. The complexity of the methods
implemented is nevertheess limited by the need to estimate the functions on the whole sample of
households and not just on a sub-sample. Thus, in the case of the agricultura production
function, we did not differentiate the types of labor according to qudification or gender, because
we did not find awell-behaved neoclassca function with satisfactory which permits nulll
quantities of one of the production factors. The estimation of a function with severd types of
work would in addition have made it possible to write the [abor alocation modd at the level of
individuas and not of households. To our knowledge, only Newman and Gertler (1994) have
implemented a complete estimation of atime alocation mode for agricultura households with an
arbitrary number of members. Their specification assumes nevertheless use of only part of the
available information, since the modd estimation relies only on the observed margina
productivity data, i.e. wages, and uses the Kuhn-Tucker conditions to estimate the margina
productivity of on-farm family Iabor. The comparison of wages and productivities derived from
the estimate of an agricultural production function based on the EPM93 data shows that these

conditions do not hold.



Agricultural Production Function

Following Jacoby (1993) and Skoufias (1994), we considered an agricultura
production function and derived the margina productivity of agricultura labor for eech
household. Agricultural households are defined as dl those that draw an income from land.
Other agriculturd factorsinclude agriculturd equipment and livestock. The search for afunction
making it possible to take into account null quantities of inputs led us to condder estimating a
quadratic function embedded in a Cobb-Douglas function. The quadratic form makes it possible
to take into account severa types of work and null quantities of factors. We abandoned this
approach for two reasons. One is that the estimation results are much less satisfactory from an
econometric point of view. The other isthat the function is much less handy anayticaly, which
considerably complicates the writing of the modd. The Cobb-Douglas has advantages in terms
of interpretation and handiness. Beyond the homogeneity of family work, the assumptions
related to the use of a Cobb-Douglas function are strong: the contribution of the production
factors are strongly separable, and the margina rate of subtitution between factorsis equa to 1
and does not depend on the other factors.

Thelogarithm of agricultural value added is regressed on the logarithms of the four
production factors (work in hours, land in hectares, endowment in value, livestock in value), and
the average leve of education of the household, as well as on variables characterizing the
cultivated land (share of irrigated surface, share of surface in property, share of the cultures of
cash crops) and on regiond dummy variables. Because of endogeneity of certain explanatory
variables, the ordinary least squares estimate (OLS) islikely to give biased results. The
endogeneity bias can result from the overlap of production and input alocation decisions, and
from fixed effects of unobserved heterogeneity. The multiplicity of the endogeneity sources does
not permit determination of the bias direction apriori. Since the capital stock, acreage and
livestock are congdered fixed over the period considered (one year of production) and
intermediate consumptions are deduced from the value of the production - which amounts to
assuming thet they are complementary - the only instrumented variable is the use of family work.
The indrumenta variables (1) must be correlated with the explanatory variables but not with
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the resduds of the production function. The sdected IV are the demographic structure of the
household and the age of the household head. The results of the estimates by OLS and 1V
methods are presented in Table 2. The first stage of the estimate - regresson of the variable
indrumented on the indrumenta variables - indicates that the indruments are relatively powerful
in explaining the variaion of the quantities of family work applied to the agriculturd activity. The
results of the over-identification test make it possible to rgect the null hypothesis of corrdation
between the resduds of the IV estimate and the instruments, while the results of the Durbin-
Wu-Hausman test show that the family work coefficient in the production function estimated by
the 1V isdgnificantly different from the coefficient estimated by the OLS. The comparison of the
results of the estimates by the OLS and the IV show that the coefficient of family work
(corresponding to its contribution in the agricultura value added) is biased towards zero in the
OL S estimate, since it increases from 0.27 to 0.52. The parameters corresponding to the other
production factors decrease dightly in the IV estimate, but the total sum of the contributions of
the production factors increases significantly (from 0.69 to 0.88) between the two estimates.
Since this vaue is not sgnificantly different from 1, one can consider a congtant returnsto scale

agriculturd production technology.

17



Table 2: Results of estimations of the function of agricultural value added (OLSand

1V)
OLS Standard A% Standard
errors errors
Log of family labor 0.268 0.023 0.521 0.081
Log of cultivated area 0.309 0.014 0.274 0.018
Log of endowment value 0.055 0.008 0.036 0.010
Log of livestock vaue 0.058 0.004 0.049 0.005
Schooling 0.012 0.007 0.020 0.007
Share of irrigated area 0.274 0.054 0.251 0.056
Share of owned area 0.251 0.044 0.223 0.046
Share of cash crop area 0.593 0.119 0.592 0.122
Rural sector? 0.275 0.056 0.179 0.065
Region 1? 0.067 0.077 0.025 0.079
Region 2? 0.409 0.076 0.292 0.085
Region 3? 0.022 0.076 -0.017 0.078
Region 4? 0.202 0.083 0.162 0.085
Region 5? -0.195 0.083 -0.197 0.084
GDP per capitaat department level 0.144 0.020 0.161 0.021
Congant 5.723 0.197 4.400 0.455
R? 0.483 0.460
Over-identification 21.005 0.1015
Durbin-Wu-Hausmarf 11.020 0.0001
Number of observations 2.904 2.904

a The dependent variable is the log of the agricultura value added.
b Over-identification test for excluson of insruments, Chi-square distribution under the null and

associated probability.

¢ Durbin-Wu-Hausman test for OL S specification bias, Chi-square distribution under the null

and associated probability.
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Informal and Formal Wage Equations

The informa wage equation was estimated at the household level (Table 3), while the
forma wage equation was estimated a the individud leve (Table 4).

Table 3: Results of estimations of informal wage equation at the household level

OLS Standard erors

Schoaling 0.103 0.008
Professona Experience 0.009 0.009
(Professiona Experience)?/1000 -0.076 0.110
Household head gender 0.184 0.056
Informal capitdl 0.043 0.012
Urban sector? 0.041 0.063
Region 1? -0.658 0.092
Region 2? -0.753 0.106
Region 3? -0.544 0.099
Region 4? -0.383 0.114
Region 5? -0.252 0.108
GDP per capitaat department level 0.431 0.207
Congtant 5.325 0.215
R? 0.127

Number of observations 2.605

The independent variables are the logarithms of the wage rates. Only the results of the
OL S egtimates were retained. The results of the estimates according to the Heckman procedure
showed that there is no observable selection bias.
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Table 4: Results of estimations of formal wage equation at the individual level

OLS Standard errors

Schooling 0.116 0.004
Professona Experience 0.068 0.007
(Professiona Experience)?1000 -0.001 0.000
Mae? 0.188 0.047
Pogtion in the family 0.084 0.049
Urban sector? 0.045 0.056
Region 1? -0.188 0.073
Region 2? -0.241 0.091
Region 3? 0.060 0.082
Region 4? -0.142 0.088
Region 5? -0.115 0.087
GDP per capitaat department level 0.473 0.166
Congtant 3.583 0.155
R2 0.413

Number of observations 1.196

The performances of the two regressonsin terms of explaining the variance are
relatively poor for the informa wage equation (R2=12.7%) and relatively good for the formal
wage equation (R?=41.3%). Nevertheless, the results show that the coefficients of the human
capitd variables have the expected signs in the two equations: the returns to education are
positive and sgnificant and the returns to experience are postive in the two regressions but
sgnificant only in the second. The sign of the parameter of experience squared (introduced to
take into account the decreasing returns to experience) is negative and sgnificant in the forma
wage regresson. In addition, the outputs of education gppear 5 times higher in the informa
sector than in the agricultura sector. The coefficient of the gender variable (of the head of
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household in the case of the informa wage equation, and of the individud in the forma wage
equaion) is sgnificant and pogtive, indicating that men have a sgnificantly higher average wage
rate than that of the women in the two sectors.

5.3. Calibration, Parametersand Algorithm

Cdibration isatraditiona stage in the congtruction of gpplied modds, in particular in
condructing generd equilibrium models. In our modd, cdibration procedures are of severa
types. Initidly, the reconciliation of the microeconomic data of 1993 with the macroeconomic
dataof 1995 was carried out using a program of recdibration of the statisticad weights
(Robilliard and Robinson, 1999). "Traditiona " procedures of cdibration were implemented to
cdibrate the parameters of the demand system, labor supply and the transformation function.
The partialy random drawing of potential and reservation wagesis “non traditiond” and
congtitutes an innovative step, characteristic of the microsgmulation modes with endogenous

microeconomic behaviors.

Parameter Calibration

The linear expenditure system (LES) was cdlibrated for each household given the
budgetary shares derived from the household data and the SAM, the income eadticity of the
agricultura and forma demands, and the Frisch parameter. The price dadticities and the LES
parameters were derived from the calibration process. The outcome of this processis that
minima expenditures are specific to each household, as are propensities to consume
supernumerary income. This specification leads to individuad demand functions whose
aggregation is not perfect, i.e. whose aggregate cannot be described through a function of the
same type as the individua function. Only a specification based on margind propengtiesto
consume supernumerary income equd for dl the households alows perfect aggregation (Box 1).
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Box 1: LES Calibration and perfect aggregation

Following Deaton and Muelbauer (1980), the Linear Expenditure System writes
[¢] [¢]
piGi = pig + bi(x- & ngj)with abj=1
where di consumption of good i
X expenditures
9 subsistence consumption

bj margina propendty to consume supernumerary expenditure.

LES parameter calibration requires (Dervisand d., 1982) the knowledge of income dadticities
of the demand for each good (e,- ) , of the Frisch parameter (f ) and of budget shares (Wl ) .
One can show that: b =ew,
f :;—X
Given that X-a P9
o X85, . 2L
One can show that gpi gl\ll f o
Consider Yih the consumption of good i oh household h. The LES of household hiis:
PiGin = PiGin + bin(xn - & Pjgjn)
Aggregate consumption is the sum of individua consumptions and can be written:
PG =& PiGin=Pi A 9in+a binlx - & pjgjh)
h h h

Aggregation is perfect, that is, aggregate consumption can be written:
Q g =4 Gn X=a Xn
piGi = pig + bj(x- § pjgj) with h  ad h

if and only if Pih = Pine=Dbj

The labor supply function was cdibrated for each household given the price and income
eadticities drawn from Jacoby (1993). The savings function was cdibrated given theincome
eadticity of the margind propensty to save. Findly, the autonomous agriculturd demand was
cdibrated given the price dadticity of demand. Other cdlibrations include incomes derived from
sharecropping and forma capitd.

Findly, we use the Armington assumption of imperfect substitutability between
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agricultura goods produced for the local market and those produced for export. The

formdization of this assumption is based on the specification of afunction with congtant dagticity
of trandformation (CET) for each agriculturd household. The cdibration of the CET functionis

based on the production data derived from the household survey but aso requires the definition

of the subgtitution easticity between production for the local market and exports. For this

parameter, which cannot be estimated because of the absence of along series of dataon

production and price, an "average’ vaue, was selected. Theresfter, various Smulations were

carried out to test the sengtivity of the results of the modd to the value of this parameter. The

vaues of "guesstimated” parameters of the reference smulation are presented in Table 5.

Table5: Modd Parameters

Parameter Vdue
Income dadticity

of agricultural demand 0.60

of informa demand 0.97

of formal demand 1.20
Price dadticity

of demand agricultura -0.40

of demand informa -0.62

of demand formd -0.84
Income dadticity of labor supply -0.06
Price eadticity of labor supply 0.10
Price dadticity of agriculturd demand 1.50
Subgtitution dadticity of the CET -10.00




Potential Wage Equation

In order to mode the labor alocation choices and hiring in the formd sector, it is
necessary to know the potentia informa and forma wages for households and individuas who
do not take part in the labor market being consdered. The estimation of these wagesis carried
out on the basis of the results of the econometric estimations presented earlier. From these
egtimations one can compute informa (for each household) and forma (for each individua)
potential wages given their specific levels of human capita and the vaues of the other
explanatory variables of the regresson. The next step conssts of drawing the resduds, which
represent the fixed effects. In the case of informa wages, this drawing is carried out under two
assumptions. Thefirg reates to the digtribution of the resduals, which is assumed to be normal.
The second relates to the |abor dlocation mode for the agricultural households, with which the
vaues of the informa potentiad and reservation wages must be consstent. The potential and
reservation wage resduas are drawn under the condition that the margind productivity of
agriculturd labor, i.e. the shadow wage of agriculturd labor, is higher than the potentid informal
wage corrected by the reservation wage. In the case of the drawing of informa wages resduas
for nonagriculturd households and individua forma wages, only the assumption of norma
distribution is retained.

Equations and Heterogeneity

The microeconomic and macroeconomic equations of the modd are presented in Table
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Table 6: Modd Equations

Equations Doman Description
Microeconomic Equations
Wi, =W, (P13 2, ) hi H  agricultural shadow wage
2 Wy, = Wop(p2:Zy) hi H  informa wage
e Won - agriculturd margind
= Maxj—22
3 W ax% " ’Wlh[\; hi H productivity
4 Xy = th(pllwh;Th) hi H  agricultura vaue added
5 L‘fh = L&’h (Wh;Th) hi H  agricultural labor demand
6 L =L(py, oW Th Z1) hi H  tod labor supply
7 L= - 18 hi H  informal labor supply
8 Y, = py XXy + Wy, X3 +V, hi H  tota income
9 mps, = mps, (Yh) hi H margind propendty to save
_. b B o O hiH, | .
10 Cih =Gh +— gYh X{1- mpsp)- & Pigj - _ linear expenditure system
Pi & j g '
Aggregation Equations
S [] & [} 9
11 X£=a X ’g“ a Chjh aggregate agricultura supply
h e a
@Wnnls
12 X3 = 9—21><g1+a Clyj . aggregate supply informal
¢ P - 2
& o
X9 =& G+ ctij xX; +D; . .
13 i Ez ih*a Cji *Aj + Ui i1 1  total demand of good i
i
Bdance Equations
14 x%=x? iT Balance equation for good i
Indices
LT activities and goods
hi H households
Parameters
ct

J input-output coefficients



Gin .0 LES parameters for good i and household h
'h reservation wage labor off farm of household h

Ty characterigtics of agriculturd farm of household h (land, capitd livestock...)
Zp characterigtics of household h (sze, demographic composition, education,,,)
Vaiables
P price of i
Wih shadow wage of on-farm family labor of household h
Wan informal wage of household h
Wh wage of household h

S
Ly total labor supply of household h

d
Lin agricultura labor demand of household h

S

2h informal labor supply of household h
Xin agricultural value added of household h
h income of household h
MpPS, margna propensity to save of household h
Cin consumption of good i of household h
D; autonomous demand of i
XS .

i aggregated supply of i
d

X i aggregated demand of i

The mode takes into account various sources of heterogeneity at the household levdl.
These differ by their demographic characteridtics, by their endowmentsin physica and human
capita, by their position on the labor market, and by their preferences of consumption and labor
supply. The consarvation of the resduds in the microeconomic equations makes it possible to

take into account unexplained e ements of heterogeneity.
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Algorithm and Solution

The modd was written using the GAUSS software. The solution agorithm is aloop with
decreasing steps that seeks the equilibrium prices that will clear excess demands for the
agricultura good and informal |abor. At each step, dl the microeconomic functions of behavior
are recomputed with new prices. Since the process of labor dlocation for agricultural
householdsis discrete, these can ™ switch " from a state of autarky (where they do not take part
in the wage labor market) to a state of multi-activity, according to the respective vaues of the
impliat on-farm wage (which depends on the price of the agricultural good) and of the
corrected market wage (which depend on the price of informal [abor). The individua demands
and supplies are then aggregated to obtain the functions of excess demand that one seeks to
clear. Solution time depends on the magnitude of the shocks and computational capacities
available. As an example, the time varies between 1 and 5 minutes for the shocks considered in

this paper on a Penthium 450 with 128 MB of read-write memory.

6. Impact of Growth Shockson Poverty and Inequality

Thefirg set of amulations relates to various growth shocks, corresponding to various
development strategies. Theimpact of these various shocks on poverty and inequdity is
andyzed. The comparative gatics of the modd is sudied through the andlysis of the results at
the aggregate level. The ex arte/ ex post decompasition of the results makesiit possible to
emphasize the importance of the generd equilibrium effects, while reading the microeconomic
results through a detailed classification of households makes it possible to evauate the
contribution of endogeneizing the within-group variance of income. Some results of sengtivity
tests for "guestimated” parameters are also presented.

6.1. Some Descriptive Elements

The microeconomic data are provided by the EPM (Enquéte Permanente aupres des
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Ménages) survey of 1993. anationd survey of the SDA type (socid dimension of adjustment)
covering 4508 households. This survey was carried out by the INSTAT (Indtitut Nationa de la
Satistique) on behaf of the Maagasy government. The macroeconomic data correspond to
those of the Sociad Accounting Matrix of Madagascar for the year 1995 (Razafindrakoto and
Roubaud, 1997). This SAM, in addition, was used as the base for a computable generd
equilibrium modd applied to Madagascar (Dissou, Haggblade and d., 1999). The reconciliaion
of the microeconomic data of 1993 with the macroeconomic data of 1995 was carried out using
aprogram of recalibration of the satistical weights (Chapter 5). The results of the modd thus
correspond to the Malagasy economy of 1995 and are presented in constant 1995 Francs
Malgaches. The figuresin Table 7 show that the income structure differs greetly between rurd
households, whose incomes are dominated by agricultura production, and urban households,
whose incomes are dominated by formal production factors. The consumption patterns aso
differ ance the agricultural budget share is 17.9% in the urban sector and 27.9% in the rurd
sector.

Table 7: Household income and consumption structure (%)

Income Structure Budget Shares

Household Weights |Agricultural Informa  Formal Formal  Cash crops|Agricultural Informal

S Production* Activity Wage Capital
Urban 25.0 8.3 182 327 34.5 2.6 17.9 27.5
Rurd 75.0 60.3 134 7.5 11.8 10.7 27.9 26.9

Average  100.0 35.7 157 195 22.6 6.9 23.2 27.2

Source: EPM93. authors' calculations.
* including cash crops.

Table 8 presents various indicators of poverty and inequdity as well asthe digtribution
of the poor between the rura and urban sector.
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Table 8: Poverty and Inequality

Households Weights  Welfare Thal PO Pl P2 PO*

Urban 250 16276 90.9 434 17.6 9.5 41.3
Rurd 75.0 605.1 51.0 74.9 374 23.3 70.9
Average 100.0 863.0 81.6 67.0 324 19.8 62.5

Source: EPM93. authors caculations.

Severd indicators are used for this descriptive andysis and will be used again for the
andysis of the results. The three indicators of poverty depend on the definition of a poverty line.
Following severd analyses of poverty in Madagascar, we took the per capita“caoric” line
which corresponds to the poverty line used a the nationd level and which amounts to 248.000
1993 Francs Magaches. This threshold corresponds to a per capitaincome sufficient to buy a
minimum basket of basi¢c foodstuffs (representing aration of 2.100 Kcal per day) and of nor+
food staples. Thefirgt indicator (PO) isthat of the poverty rate. It corresponds to the share of
the population living below the poverty line, but does not inform about the degree of poverty.
The second indicator isthat of poverty depth (P1), where the contribution of each individud to
the aggregate indicator is larger the poorer thisindividua. The third indicator is the severity of
the poverty (P2), which is senstive to inequdity among the poor. Regarding income distribution,
only the Thell index was retained as an indicator of inequdity, because of its properties. Itisa
decomposable indicator, which makes it possible to consider the respective contributions of
within and between-group inequdlity to total inequality. According to these indicators and the
chosen poverty line, 67.0% of the population is poor in Madagascar. The poverty rate is higher
inthe rura sector where it reaches 74.9% of the population. The depth and severity of poverty
are dso higher in the rura sector. On the other hand, inequdity is higher in the urban sector.
Although the average income of the urban households is 2.7 times higher than that of the rura
households, the between-group inequaity accounts for only 15% of the overdl inequdity.

Table 9 shows some ™ gructura " characterigtics of the Mdagasy households. These
characterigtics partly determine the labor productivity of the households in the agricultural and
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informa activities. Other characteristics, not observed, aso contribute to heterogeneity among
the households. Average informal labor productivity is computed for al households, since the
edimate of informa wages enables us to calculate potential standards of informal wages for
households for which these wages are not observed. Agricultura productivity is caculated only
for the agriculturdl households, because this activity is rdated to afixed factor, land.



Table 9: Structural characteristics of Malagasy households

RURAL HOUSEHOL DS Poor Nonpoor Averane
Informa productivitv 829.2 2741.9 1458.0
Agricultura productivity* 198.1 776.8 382.4
Household head gender 84.1 84.3 84.2
Schoaling (years) 2.4 3.6 2.8
Informa capita (000 Fmg)** 9.6 95.0 36.4
Agricultura capitd (000 Fmg)* 426.5 1145.7 655.5
Area (ha)* 20.5 29.0 23.2
Irrigated share (%0)* 32.0 311 317
Owned share (%)* 69.6 72.3 70.5
Yidds* 234.8 474.5 311.1
URBAN HOUSEHOL DS

Informa productivitv 684.8 1718.4 13445
Agriculturd productivity* 2151 1255.1 750.8
Household head gender 75.9 80.8 79.0
Schooling (years) 4.2 7.7 6.4
Informa capitd (000 Fmg)** 185 137.7 89.6
Agriculturd capita (000 Fmg)* 3314 901.1 624.8
Area (ha)* 11.4 19.1 154
Irrigated share (%0)* 41.2 44.0 42.7
Owned share (%)* 61.4 53.6 57.4
Yidds* 487.8 574.3 532.4
ALL HOUSEHOLDS

Informa productivitv 807.2 2340.0 1429.6
Agriculturd productivity* 199.4 855.8 422.5
Household head gender 82.9 829 82.9
Schooling (years) 2.7 5.2 3.7
Informd capitd (000 Fmg)** 11.4 114.7 52.9
Agriculturd capita (000 Fmag)* 418.9 1105.3 652.2
Area (ha)* 19.8 27.4 22.4
Irrigated share (%0)* 32.8 33.2 329
Owned share (%)* 69.0 69.2 69.0
Yidds* 255.1 491.0 335.3

Source: EPM93. authors caculations.
* average computed on agricultural households.

** average computed on informal households.
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Not surprisngly, poor households are characterized by low labor productivity in the two
traditional sectors. The weakness of these levels of productivity isrelated to low levels of
endowments in human and physica capitd. Poor households' levels of education (measured in
years of schooling) are nearly 2 times lower than those of nontpoor households, and their
average levd of informd capitd (measured in vaue for the households which have an informd
activity) is 10 times lower. Surprisingly, the informa labor productivity gppears higher in the
rurd sector than in the urban environment, in spite of lower levels of endowment in human and
physical capitd. The parameter of the dummy varigble for the urban sector is not sgnificantly
different from zero in the equation of informa income. This result can nevertheless be explained
by the shortage of forma goods in the rura sector, for which informd activities may be
subdtituted. The endowment of production factors of the urban households is higher overal,
except with regard to the agricultural endowment.

6.2. Decription of the Growth Shocks

Severd drategies of development can be considered for the Maagasy economy: ether
continuation of aforma sector "push”, through development of the "Zone Franche”, or the
massve investment in the development of the agricultural sector which suffered from
underinvestment during the last decades and whose performanceis poor. In the agricultura
sector, efforts can be focused either on tradable crops (cultivation of cash crops, coffee-vanilla-
clove), which are traditional exports of Madagascar, or on non-tradable food crops (rice, corn,

manioc, pulses).
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Table 10: Smulations Table

Smulation Description

EMBFOR Formd hiring and increase in dividends

SALFOR Increase in forma wages and in dividends

PGFAGRI Increase of the Total Factor Productivity in the agricultura sector
PGFALIM Increase of the Totd Factor Productivity in the food- crop sector

PGFRENT Increase of the Tota Factor Productivity in the cash crop sector
PRXRENT Increase of the world price of cash crops

Thefirg two smulations relate to an increase in formal sector value added. Given the
mode structure, forma vaue added comes from two production factors. In the first Smulation
(EMBFOR), formd sector growth corresponds to the crestion of new companies and thus to
an increase in the capital stock and employment. It is Smulated through an increase in income
coming from dividends for shareholders, and from formad |abor demand. Thisincreaseis
smulated through the sampling of individuas from the non-working and non-forma working
population. The hiring schemais partialy random. Its structure is defined in terms of gender,
age, education, and sector (rura/urban). This structure was derived from the household data
and corresponds to the structure of forma employment during the last five years. In addition,
individuals whose agricultura or informal incomes are higher than their potentia forma wages
are excluded from the drawing. Lagtly, dl sampled individuas are employed on afull-time bass
whatever their former level of occupation. Consequently, if an individud is hired in the forma

sector, less time but more exogenous incomeis available at the household levd.

In the second smulation (SALFOR), vaue added paid to formal labor increases
through aforma wage increase but with no effect on employment. The value added of formal
capitd increases asin the preceding Smulation. The direct effect of this shock isan increasein
the incomes of households receiving forma wages. Compared to the preceding smulation, one
can expect that the effects on poverty and inequdity will be less favorable.



The following smulations reate to the agriculturd sector. The firs amulation
(PGFAGRI) consders an increasein totd factor productivity for dl agricultura households.
Thisleadsto an increase in agricultura income and agricultura production. In the next smulation
(PGFALIM), the increase in productivity relates to only food production. The last two
amulaions relae to cash crops. In smulation PGFRENT, we examine the effect of an increase
in the productivity of cash-crop production. In PRXRENT, we smulate the impact of an
increase in cash-crop world prices. In both cases, a postive impact on the agricultura terms of
trade is expected.

6.3. Ex ante/ Ex post Decomposition of the Impact of Growth Shocks

In order to emphasize the contribution of the generd equilibrium framework, we present
the results of smulation ex ante and ex post (Table 11 to 13). The ex ante results correspond to
the results of amicroamulation mode with microeconomic behaviors and fixed prices, whereas
the ex post results correspond to a microsmulation mode with microeconomic behaviors and

endogenous rel ative prices.

In the first smulation (EMBFOR), the hiring shock decreases the quantity of working
time avalable for the traditiond activities, which, ex ante, leadsto areduction in the agricultura
(-0.1%) and informd (- 1.2%) value added. At the same time, the increase in available income
(+4.3%) leads to an increase in the demand for consumer goods. The combination of alower
production and an increase in consumption is likely to lead to an increase of relative prices of
traditional goods. Thisiswhat we can observe ex post, where the prices of the traditiona goods
increase by 4.3% for the agricultural food crop and by 3.8% for the informa good. This change
in relaive prices of agricultura and informa goods determines the effect on the red income of
each household, according to the Structure of itsincome and consumption. Ex ante, the effect of
the shock on inequdlity is negative: the Thell index increases by 3.0%. Theincrease in inequaity
is stronger in the rural (+4.7%) than in urban sector (+1.6). The between-group inequdity aso
increases (+2.8%). Ex pog, the Situation is reatively different because of income effects for
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non-forma households through the increase of relative prices of traditional goods. This
mechanism does not affect the extent of the welfare shock but does affect its distribution. The
increase in per capitaincome is actualy stronger in the rura sector than in the urban
environment, which induces a reduction in between-group inequdity (-3.2%). This reduction,
however, does not compensate for the increase in within-group inequality (+1.4%) and, overdl,
inequality measured by the Theil index increases by 0.8%. The combination of the average
income per capita growth (+5.0% ex post) and the fadl in inequdity leads to areduction in the
rate (-2.6%) and depth of poverty (-4.3%), aswdl asits severity (-5.1%) in both urban and
rural sectors.



Table 11: Ex ante/Ex post decomposition of smulation results (per cent change to base year)

BASE EMBFOR SALFOR PGFAGRI PGFALIM PGFRENT PRXRENT
Exante Expost Exante Expost Exante Expost Exante Expost Exante Expost Exante Expost

Agricultura Price 10 0.0 43 0.0 36 0.0 -4.0 0.0 -45 0.0 05 0.0 35
Informal Price 10 0.0 38 0.0 32 00 -1.3 0.0 -23 0.0 09 0.0 40
Value Added

agricultural 4017 -01 -04 0.0 -01 99 81 80 6.8 19 15 11 0.3

informal 1767 -1.2 34 0.0 33 -194 49 -16.0 45 -4.9 0.6 -8.6 04

formal 4736 111 111 100 10.0 00 0.0 0.0 00 0.0 0.0 0.0 0.0

total 10520 47 53 45 49 05 42 04 36 -01 0.7 -1.0 13
Production

Food crop 6 695 -0.2 -0.3 0.0 -01 9.9 8.7 91 83 038 05 -0.3 -24

Cash crop 1568 01 =27 01 -2.2 9.7 115 35 5.6 6.3 58 6.7 13
Hours worked

agricultural 7622 -05 -09 0.0 -03 36 -04 34 0.6 03 -0.7 15 05

informal 2026 -21 0.8 0.0 22 -139 19 -13.2 -2.2 -10 32 -5.7 -06

formal 1244 6.6 6.6 0.0 0.0 00 0.0 0.0 00 0.0 0.0 0.0 0.0

total 10892 0.0 0.2 0.0 0.2 0.0 01 -01 0.0 0.0 01 0.0 0.3
Consumption

agricultural 2473 26 21 24 20 03 31 0.2 28 -01 03 04 05

informal 2903 42 36 40 34 05 36 04 34 -01 03 0.6 05

formal 5297 5.2 70 49 6.3 0.6 36 04 2.7 -01 0.9 038 30

total 10673 43 49 411 45 05 35 04 30 -01 0.6 0.6 17




Table 12: Ex ante/Ex post decomposition of smulation results (per cent change to base year)

BASE EMBFOR SALFOR PGFAGRI PGFALIM PGFRENT PRXRENT
Exante Expost Exante Expost Exante Expost Exante Expost Exante Expost Exante Expost

Income per capita

urban 1628 54 42 6.7 59 -0.2 19 -0.2 16 0.0 0.2 0.3 -0.0

rural 605 4.0 58 19 35 11 50 09 42 -0.2 10 10 34

al 863 4.7 50 42 4.7 05 35 04 30 -01 0.6 0.6 17
Theil Index

urban 0.9 16 -1.0 30 20 0.2 -0.8 0.3 -0.0 -01 -0.7 -0.2 -18

rural 51.0 47 59 33 31 -2.3 03 0.2 94 44 -55 -49 -31

all 81.6 30 0.8 46 31 -12 -15 -0.2 20 -14 -25 -2.0 -34
Within Theil 70.0 30 14 38 28 -1.0 -0.8 01 33 -1.7 -2.6 -21 -2.8
Between Theil 116 28 -32 101 50 =27 -6.2 -22 -53 04 -17 -15 -70
Poverty (P0)

urban 434 -39 -33 -25 -21 29 -2.6 29 -1.8 0.0 -05 -04 -12

rural 749 -12 -24 -0.3 -15 -29 -39 -19 -20 -1.7 =27 -14 -32

all 67.0 -1.7 -2.6 -0.7 -1.6 -20 -37 -1.2 -20 -14 -2.3 -1.2 -29
Gap (P1)

urban 176 -71 -89 -39 -5.0 16 -37 17 -19 -01 -1.6 -05 -29

rural 374 -1.9 -36 -04 -21 -04 -4.6 01 -24 -04 -21 -1.6 -39

al 324 -26 -4.3 -09 -25 -0.1 -45 03 -2.3 -0.3 -20 -15 -38
Severity (P2)

urban 95 -94 -115 -3.3 -52 22 -3.8 24 -1.6 -01 -2.0 -01 -32

rural 233 -25 -42 -0.3 -22 0.7 -5.6 12 -29 -03 -26 -16 -47

all 198 -33 -51 -0.7 -2.6 09 -54 13 =27 -03 -25 -14 -45
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In the second smulation (SALFOR), formal value added growth resultsin an increasein
the incomes of households receiving forma wages and/or dividends. This increase in incomes
induces an increase in the demand for consumer goods. The shock thus results ex post in an
increase in the relative prices of traditiond goods. Regarding inequdity, the Thell index increases
by 4.6% ex ante and 3.1% ex post. The increase in between-group inequdlity is particularly
strong ex ante (+10.1%) because of the concentration of forma incomes in the urban sector,
but within-group inequdity aso increases (+3.8%). Households receiving forma wages are
indeed, on average, richer and the improvement of their income thus contributes to increased
inequality. Ex pogt, theimpact on inequdity remains regressive (the Thell index increases by
2.8%), in spite of aweaker increase in the between-group Thell (+5.0%). Thisresult is
explained by the redistribution effect through an increase of traditional goods prices. In spite of
the increase in inequdity, the rate of poverty decreases ex ante (-0.7%) and ex post (-1.6%),
thanks to the big increase in income. The P1 and P2 indicators also decrease, indicating that the
growth aso benefits the poorest of the poor. The reduction in poverty is nevertheless smaler
than in the preceding smulation. That is explained by the nature of the shock, whichisnat, in
itsdlf, redigtributive, in contrast to the forma hiring shock.

The first smulation concerning the agricultural sector (PGFAGRI) leadsto an increasein
production and agricultural income. Ex ante, the effect on production corresponds to the
productivity shock (+10.0%), but the income effect is much weeker. Thisresult can be
explained by the specification of the household labor dlocation mode. The productivity increase
induces an increase in agriculturd labor demand for the multi-activity (non-autarkic) agriculturd
households. For these, the price of the agriculturd work isfixed ex ante Snceit is equa to the
informa (market) wage. However, because the demand curve moves, agricultura [abor demand
increases. Thisincrease leads these househol ds to decrease their supply of informa work,
because the total number of hours worked does not change. For households that reallocate
work towards the agriculturd activity, monetary income can decrease if the shadow agricultura
wage remains lower than the informa wages. In the case of autarkica agriculturad households
the demand curve aso moves, but the increase in the shadow wage (which depends, inter dia,
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on the productivity of the agriculturd production) compensates for this digplacement. Ex pog,
the reduction in the agriculturd goods price (-4.0%) induced by the increase in production
reduces the direct effect on monetary income for agricultural households. The reduction in the
relative prices of traditiona goods leads nevertheessto a strong increase in redl income for al
households and the increase in agriculturd productivity results in an increase of ex post
household consumption of 3.5%. The reduction in the price of the agricultura good mitigates the
effect of the ex ante redlocation of labor and induces an ex post redllocation towardsinformal
activities, leading to an increase in informa production and, consequently, to areduction in the
price of the informa good. Regarding inequdity, the shock to agricultura productivity resultsin
areduction ex ante (-1.2%) and ex post (-1.5%) of the Theil index. All the indicators of poverty
decrease in both cases. Ex pogt, the urban househol ds benefit from the drop in the traditiona

prices of the good and their average income increases by 1.9%.

In the next amulation (PGFALIM), the aggregate results are largely the same. The
reduction in the reltive prices of the traditiona goods leads to the redlocation of labor among
traditiond activities. This redlocation leads neverthelessto an apriori surprisng result: in spite of
the ex pogt reduction in hours worked in the informal sector (-2.2%) (because of the increasein
agriculturd hours), the quantity of informa vaue added increases by 4.5%. Thisresult is
explained by a sdlection effect: the "new " informa hours are more efficient than the old ones.
This effect isrelated to the characterigtics of the households that move back to the agricultura
sector: these households have lower levels of human capital aswdll asless physicd capitad than
the households that keep their informa activity or start such activity. Ex ante, the productivity
shock on the Thell index is progressive but weak (-0.2%). Ex pogt, the effect on the Theil index
isregressve (+2.0%). The inequality increase in the rura sector is particularly strong (+9.4%).
This can be explained by the sdlection effect described earlier and by the specifications of the
time alocation mode. The households that move back to the agriculturd activity lose in terms of
monetary income. Given that these are the househol ds that have the lowest |abor productivity,

and thus the lowest incomes, inequality increases.

The last two smulations relate to cash crops (coffee-vanilla-clove). In PGFRENT, we
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gmulate an increase in the productivity of cash crop production. The shock in terms of overdl
income growth is much smaler than in the two preceding Smulations, because only aminority of
households produces cash crops. In addition, the effect on the traditional goods terms of trade
is pogitive, which can be explained by the fact thet there is, ex ante, a Sgnificant reduction in
informa production (-4.9%), without a sgnificant reduction in demand, and, especialy, without
too strong an increase in the production of agricultural food crop (+0.8%). The two sectors
being mutually dependent through the [abor alocation modd, it is, in this case, the ex ante
imbaance of the informa goods market that determines ex post the evolution of the prices of the
two non+tradable goods. The terms of trade evolution induces a redistribution effect that
contributes to a decrease in inequality. Contrary to the preceding smulation, thefal in the rate
of poverty is more sgnificant in the rurd than in the urban sector, which is aso explained by the
evolution of the terms of trade. The other indicators of poverty also decrease. PRXRENT
samulates the impact of an increase in world prices of the cash crops. This shock leads ex ante
to areduction in the production of nontradable goods and to an increase in the demand for
these same goods. Ex pog, these imbaances lead to arise in the relative prices of the traditiona
goods. Ex pogt, the impact on the average income per capitais negative for the urban
households and positive for the rural households. As aresult, the between-group Thel
decreases. The rate of poverty increases dightly in the urban sector and decreasesin the rurd
sector. The other indicators of poverty decrease for the two groups.



Table 13: Ex ante/Ex post decomposition of smulation results: transition matrices

EMBFOR EX ANTE EX POST
mono 1-mono mono 1-mono
mono0 55.4 100.0 0.0 100.0 99.6 04 100.0
1-mono0 44.6 0.9 99.1 100.0 2.4 97.€ 100.0
100.0 55.7 44.3 100.0 56.2 43.8 100.0
SALFOR
mono 1-mono mono  1-mono
mono0 55.4 100.0 0.0 100.0 99.8 0.2 100.0
1-mono0 44.6 0.0 100.0 100.0 15 98.E 100.0
100.0 55.4 446 100.0 56.0 44.C 100.0
PGFAGRI
mono 1-mono mono 1-mono
mono0 55.4 100.0 0.0 100.0 99.9 0.1 100.0
1-mono0 44.6 24.6 754 100.0 6.3 93.7 100.0
100.0 66.4 33.6 100.0 58.2 41.8 100.0
PGFALIM
mono 1-mono mono 1-mono
mono0 55.4 100.0 0.0 100.0 99.6 04 100.0
1-mono0 44.6 21.9 78.1 100.0 7.5 92.5 100.0
100.0 65.2 34.8 100.0 58.5 415 100.0
PGFRENT
mono  1-mono mono 1-mono
mono0 55.4 100.0 0.0 100.0 99.5 0.t 100.0
1-mono0 44.6 34 96.6 100.0 1.9 98.1 100.0
100.0 56.9 43.1 100.0 56.0 44.C 100.0
PRXRENT
mono 1-mono mono 1-mono
mono0 55.4 100.0 0.0 100.0 99.4 0. 100.0
1-mono0 44.6 17.8 82.2 100.0 9.6 90.4 100.0
100.0 63.3 36.7 100.0 59.4 40.€ 100.0
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6.4. Decomposition of the Microeconomic Results by Group

The presentation of the microeconomic results according to a detailed typology makes it
possibleto illugtrate one of the agpects of the contribution of the microsmulation mode to the
study of the links between growth, distribution and poverty. In the standard computable genera
equilibrium models built on a disaggregated socid accounting matrix, it is common to assume
that the income digtribution by group has amore or less smple atigtica form, whose firgt-order
moments can be determined endogenoudy by the modd. The most common assumption istha
this distribution is lognorma with endogenous mean and fixed variance. In other words, this
Specification alows endogenizing the between-group variance of income but rests on the
assumption that the within-group variance is fixed. The microamulation model makesit possible
to relax this last assumption. In order to measure the sengtivity of the results to this assumption
in terms of inequalities and poverty, we anayze the microeconomic results of Smulations of
positive and negative growth shocks through a detailed classfication of the households into 14
groups. This dassfication is based on atypology of the Madagasy households starting from the
EPM 93 carried out for the congtruction of a Social Accounting Matrix of Madagascar for the
year 1995 (Razafindrakoto and Roubaud, 1997). This SAM, in addition, was used as the base
year for agenerd equilibrium modd applied to Madagascar (Dissou, Haggblade and d., 1999).
Table 14 shows the characterigtics of these various groups in terms of income and consumption
gructures. The classfication criteriaare multiple. Thefirst is by sector: thefirst 4 groups are
urban and the 8 last are rural. The 4 urban groups are differentiated according to the
qudification level and gender of the household head. Among rurd households, one distinguishes
agricultura households (the firgt 6) from nonagricultural households (the last 2). Agriculturd
households are ditinguished according to the region (4 agro-ecologica regions) and the area
they cultivate (2 classes). Ladtly, the two nonagricultura rurd households are distinguished
according to their wedlth, measured by the per capita surface of their dwelling.
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Table 14: Structure of Income and Consumption by group

Income Structure Budget Shares

Group Weights| Agriculturd Informad  Forma  Forma  Cash | Agriculturd Informd
Activity Activity Wage Capitd crop

1 5.0 0.8 9.8 36.3 492 0.0 14.0 27.0
2 7.8 44 213 385 277 0.1 18.2 28.4
3 10.1 275 25.9 24.6 15.2 10.1 24.1 27.2
4 35 141 41.3 14.9 11.6 2.7 23.1 28.7
5 14.4 590 163 04 139 0.0 30.2 26.1
6 34 69.0 9.4 00 128 0.1 27.3 27.2
7 10.8 74.9 6.8 35 8.5 23.0 32.7 25.3
8 8.9 82.2 85 2.3 3.2 39.0 29.6 26.3
9 5.0 67.3 15.6 6.4 0.3 0.0 21.0 29.7
10 3.0 72.9 10.0 2.4 4.7 0.0 22.6 29.0
11 6.6 44.9 9.4 18 382 0.3 21.7 26.4
12 3.3 64.6 4.6 15 241 1.0 26.1 27.5
13 10.3 49.3 23.1 174 5.3 49 27.1 27.4
14 7.7 339 220 261 114 2.9 23.3 28.5
Tota/Moy 100.0 35.7 15.7 195 226 6.9 23.2 27.2

Two measurements of the poverty rate are presented. The first (PO) corresponds to
counting the number of households below the poverty line, based on the results of the
microsmulation model. The second (PO*) corresponds to the computation of the poverty rate
under the standard assumption of alognorma didribution of the within-group income, with
endogenous mean and fixed variance. Table 15 gives a dtatic image of the differences between
the two measures. At the aggregated level, PO* underestimates the poverty rate, but the results
differ according to groups. Thus, for example, PO* over-estimates the poverty rate of the first
two groups, but underestimates it for the two following groups. Systemetic bias does not appear
in the measurement, which suggests that the within group distributions of incomes are complex
and different from each other.



Table 15: Poverty and I nequality

Group Weghts Wdfare Thal PO Pl P2 PO*

1 4.7  3950.2 71.9 8.1 2.2 0.9 11.8
2 79 14181 69.6 34.5 12.4 6.3 37.2
3 11.2 869.3 71.9 63.1 28.2 16.0 59.7
4 3.0 749.8 56.8 66.1 30.4 18.1 62.9
5 15.3 453.5 49.8 85.5 46.8 30.3 82.0
6 3.0 823.9 315 50.1 20.5 11.7 52.4
7 12.0 452.4 331 81.8 42.3 27.0 80.2
8 7.6 10545 50.7 50.2 16.3 8.2 44.6
9 5.3 320.4 52.7 921 59.0 43.9 86.6
10 2.0 775.4 52.6 63.0 32.7 19.9 62.3
11 7.4 697.7 68.8 76.3 36.5 21.2 69.3
12 25 965.5 48.8 60.9 220 10.9 50.1
13 12.7 439.9 24.6 83.9 41.3 24.4 80.1
14 54 986.2 33.6 48.5 16.0 7.4 43.4
0 100.0 863.0 81.6 67.0 324 19.8 62.5

* computed under the lognormd distribution assumption.

The ex post evolution of the two poverty measures for six growth shocks is presented in
Tables 16 and 17. The firdt three are positive shocks and correspond to the two growth shocks
of the forma vaue added (EMBFOR and SALFOR) and to the increase in the tota factor
productivity in the agriculture sector (PGFAGRI) described earlier. The three following shocks
are negative and symmetrical shocks of SALFOR, PGFAGRI and PRXRENT.



Table 16: Comparison of two poverty measures. positive growth shocks

EMBFOR(+10%) SALFOR (+10%) PGFAGRI (+10%)

Group Weights d(welfare) d(Theil) d(P0) d(P0*) d(wefare) d(Thel) d(P0) d(PO*) d(welfare) d(Thel) d(PO) d(PO*)
1 47 21 14 62 -28 72 10 -30 -100 14 -01 -56 -24
2 7.9 30 03 -26 -38 57 20 -37 -52 22 -08 -20 -28
3 11.2 48 24 -36 -42 43 18 -11 -23 27 -11 -26 -20
4 3.0 50 -56 -59 -6.1 30 25 -13 -16 30 -08 -13 -20
5 15.3 16 21 -08 -04 20 38 -08 -03 60 -17 -41 -27
6 3.0 23 06 -104 -21 27 21 -104 -21 45 -07 -82 -47
7 12.0 28 16 -12 -10 34 37 -13 -11 54 -10 -21 -24
8 7.6 43 54 -10 -35 40 35 -08 -35 72 35 -165 -6.2
9 53 599 202 -115 -7.9 16 19 -01 -02 60 -17 -20 -14
10 2.0 26 -16 -23 -22 13 15 -01 -05 77 27 -12  -40
11 7.4 30 14 -23 -14 42 49 17  -12 36 -27 27 -29
12 25 23 10 -43 -18 34 29 -43 22 44 -14 -143  -48
13 12.7 37 -08 -09 -18 52 22 -18 -21 25 18 -06 -09
14 5.4 30 21 -37 -27 43 31 -35 -37 28 -04 -48 -38
0 100.0 50 08 -26 -28 47 31 -16 -17 35 -15 -37 -26




Table 17: Comparison of two poverty measures. negative growth shocks

SALFOR (-10%) PGFAGRI (-10%) PRXRENT (-10%)
Group Weights d(welfare) d(Theil) d(PO) d(PO*) d(welfare) d(Thel) d(PO) d(PO*) d(welfare) d(Theil) d(PO) d(PO*)
1 47 76 -12 361 123  -20 00 198 33 11 08 76 -10
2 79 61 -21 101 62 27 14 83 42 04 25 58 20
3 112 45 -18 18 26 29 13 23 24 20 16 21 19
4 30 31 28 50 17 32 09 35 23 25 27 35 22
5 153 24 -30 03 06 -56 44 14 28  -49 57 17 26
6 30 -26 22 11 22 42 12 27 49  -33 26 -07 41
7 120 22 -28 03 08 -46 24 23 24 25 58 13 18
8 76 33 -93 37 22 -75 -125 111 57  -40 -52 101 35
9 53 -19 -12 00 03 64 39 05 17 54 42 04 14
10 200 -19 -10 29 09 64 23 43 49  -47 30 43 40
11 74 44 56 21 13 38 24 53 30 20 49 53 25
12 25  -34 35 00 21 -44 08 20 49 26 17 20 34
13 127 44 -10 15 20 -14 12 01 08 -02 43 01 06
14 54  -46 -29 02 44 31 14 09 48 20 38 31 44
0 1000 -47 -39 18 18 36 11 27 29  -16 30 24 22




In the firgt two smulations, d(P0*) dightly overestimates the overall decreasein the
poverty rate. However, the difference in absolute value among the variations of the two
measures does not appear Sgnificant. In the third smulation, on the other hand, the
underestimation biasin the totd fal of poverty is much more sgnificant Snce the difference
reaches 30% of d(PO). In dl three smulations, the existence or the absence of biasin PO* does
not seem to be corrdated with the evolution of inequdity (the Theil index increases dightly in
EMBFOR, more strongly increases in SALFOR and decreases in PGFAGRI). At the
disaggregated leve, thereis agreater contrast, Snce PO* underestimates or overestimates the
evolution of poverty differently according to groups. In most cases, the direction of the evolution
is preserved, but the amplitude of the bias varies greetly. In the smulations of negative growth
shocks, PO* gives rdaively satisfactory results a the aggregate level in terms of direction and
magnitude. The differences between the two measures are very small. At the disaggregated
leved, changesin PO* are in the same direction as changes in PO but the variations magnitude
between two measurements gppear to be significant.

Table 18 presents a decomposition of the Thell index aswell as a"theoretica” measure,
i.e. caculated under the assumption of fixed within-group variance of income. The results show
that within and between-group Thell do not necessarily evolve in the same direction, and that the
assumption of fixity of the within variance can result in most cases in underestimating the

evolution of total inequdity.

Table 18: Decomposition of the Thell index

BASE EMBFOR SALFOR PGFAGRI SALFOR- PGFAGRI- PRXRENT-

Thel 56.9 1.2 25 -0.7 -3.2 0.4 2.1
Within

Thel 24.7 -5.3 4.4 -3.6 -55 2.7 4.4
Between

Thel 81.6 -0.7 3.1 -1.5 -3.9 1.1 6.0
total

Thel 81.6 -1.6 1.3 -1.1 -1.7 0.8 1.5
totd*

-47-



The comparison of changesin the two measures of poverty rate showsthat "theoretica”
measurement gives rdatively satisfactory results at the aggregete level insofar asthe bias
gppears mogt of thetime to be reatively smdl. Neverthdess, thisresult holds for relatively smal
growth shocks, asit be can expected that the bigger the shocks, the larger the bias. At the
disaggregated level, the assumption gppears much less satisfactory, because the biasis
sgnificant and nonsystematic.

6.5. Senditivity Analysis

Some parameters of the model could not be estimated for lack of adequate data. Thisis
the case for the LES parameters and, in particular, for price and income eadticities for
agricultura demand. It isaso the case for the adticity of subgtitution of the CET and the price
eadicity of the autonomous demand for food crops. Although the latter represents only avery
gamall share of tota demand, its sengitivity to the variaions of the price of the food crop is
nevertheless important for ex post equilibrium. The redigtribution effects through the
improvement of the traditiona goods terms of trade described in the previous smulations of
forma growth shocks are likely to be particularly senstive to the agricultural demand
parameters (see Bourguignon, 1990). In order to illudgtrate this point, we present the results of
smulaion SALFOR with various vaues of parameters of agricultura demand. Table 19
presents the values of the Six sets of parameters. Given the specification of the demand system,
it isnot possible to vary the income dadticity of the agriculturad demand without aso changing
the vaues of other parameters of the system. The income dadticity retained in smulations
SALFOR-S1 and SALFOR-S2 correspond to low and high assumptions for the vaue of this
parameter repectively. In smulation SALFOR-S3, the price dadticity of agricultural demand is
divided by two compared to SO. In smulations SALFOR-$4 and SALFOR-S5 we consider

two extreme vaues of the price dadticity of autonomous demand.



Table 19: Sensitivity Analysis. smulations parameters

SO S1 S2 S3 A S5

Income eadticity- 0.6 0.3 0.8 0.6 0.6 0.6
Price eladticity- -04 -0.2 -0.5 -0.2 -04 -04
Price dasticity of export demand -10.0 -100 -100 -100 0.0 -50.0

The macroeconomic impact of the shock of forma wages varieslittle among various
amulations (Table 20). The agriculturd vaue added is dmost congtant because of the rigidity of
production, while the increase in the informa vaue added is greater or less according to the
difference between the relative prices of the two traditiona goods. The extent of the shock in

terms of growth (measured by the overal consumption) does not vary among smulations.

Table 20: Sensitivity Analysis of aggregate resultsfor smulation SALFOR

BASE SO S1 S2 S3 HA S5
Agriculturd Price 1.0 3.6 31 4.1 4.1 8.2 1.3
Informal Price 10 3.2 2.8 3.6 3.6 6.9 12
Agricultural VA 4017 -0.1 -0.1 -0.1 -0.2 -0.1 -0.2
Informal VA 1767 3.3 34 33 3.6 2.5 3.7
Total 10673 45 4.5 4.5 4.5 4.4 4.5

Consumption

Regarding inequality and poverty, the smulation results relating to the parameters of
agriculturd demand (Table 21) do not make it possible to highlight the sengtivity of the
indicators of inequdity and poverty: the extent of the reditribution effectsislargdy the samein

thefirs four smulations.



Table 21: Sensitivity Analysis of Disaggregated Resultsfor Simulation SALFOR

BASE SO S1 S2 S3 A S5

Income per
capita

urban 1628 59 6.1 58 5.8 4.8 6.5

rurdl 605 35 34 3.6 3.7 4.4 31

al 863 4.7 4.7 4.7 4.7 4.6 4.7
Thell Index

urban 90.9 20 21 1.9 19 12 2.5

rural 51.0 31 3.2 3.0 3.0 15 3.8

al 81.6 31 3.3 29 29 13 4.0
Thell within 70.0 2.8 29 2.6 2.6 14 35
Thell between 11.6 5.0 5.5 4.6 45 1.0 7.2
Poverty (PO)

urban 43.4 -21 -25 -21 -2.1 -2.4 -3.1

rural 74.9 -15 -1.3 -1.6 -17 -3.0 -0.9

al 67.0 -1.6 -15 -1.7 -1.7 -29 -1.2
Gap (P1)

urban 17.6 -5.0 -5.0 -5.0 -5.1 -5.2 -4.7

rural 374 -21 -2.0 -2.2 -2.3 -3.0 -1.6

al 32.4 -25 -24 -2.6 -2.7 -3.3 -2.0
Severity (P2)

urban 9.5 -5.2 -5.1 -5.3 -54 -5.7 -4.5

rural 23.3 -2.2 -21 -2.3 -2.4 -2.8 -1.7

al 19.8 -2.6 -25 -2.7 -2.8 -3.2 -2.1

Although thisresult is reassuring as far as the robustness of the modd is concerned, it is
frudrating regarding the illugtration of the point mentioned above. The sengtivity test relating to
the price dadticity of the autonomous agricultural demand fills this objective better. The vaues of
price eadticity used for that purpose are extreme vaues. They make it possible to consider two
gtuations: in SALFOR-$4 the food agricultural good is a purely nontradable good. Conversdly,
in SALFOR-S5 the food agricultural good is trested like a tradable good. The results of these
amulations highlight the importance of the characteritics of the food crop regarding its
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"tradability" in the effect of redidtribution of the shocks of modern growth. In the first amulation,
the shock of forma growth islargely redistributed to the rurd households through the
improvement of the traditiona goods terms of trade. The income increase is the same one for
the two groups of households, the increase in inequdity remains weak and, consequently, the
impact on poverty indicators is stronger than in the reference smulation.

In order to supplement the sensitivity analyss, we aso show the results of smulation
PGFAGRI of anincreasein TFP in the agriculturd sector with various values of the parameters
of the agriculturd demand (Tables 22 and 23).

Table 22: Sensitivity Analysis of aggregate resultsfor simulation PGFAGRI

BASE SO S1 S2 S3 A S5
Agriculturd Price 1.0 -4.0 -4.4 -3.7 -4.2 -10.0 -11
Informal Price 1.0 -1.3 -1.6 -1.0 -1.5 -6.6 12
Agriculturd VA 4017 8.1 8.1 8.1 8.1 8.1 8.1
Informal VA 1767 4.9 5.3 4.8 4.7 6.1 4.3
Tota Consumption 10 673 3.5 3.6 35 3.5 3.6 35

Again, the model results are not very sensitive to dadticities of agricultural demand of
households and the last two simulations, bearing on the price eadticity of the autonomous
demand, make it possible to illustrate the question of the sengtivity of the poverty and
inequditiesindicators to variations of the agriculturd terms of trade. Thus, when the food good
istreated like a non-tradable good (PGFAGRI-$4), the benefits of agricultura productivity
growth are redigtributed to the urban households, through the degradation of the agricutura
terms of trade. Conversdy, when it is assumed that thereis a perfect substitutability between
domestic product and imports, the redistribution effects of the benefit of the shock of
productivity (PGFAGRI-Sb) are smdler and favorable, in this case, to the overdl reduction of
poverty and inequdity because of the importance of poverty in the rural sector.
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Table 23: Senditivity Analysis of disaggregate resultsfor smulation PGFAGRI

BASE SO S1 S2 S3 A S5

Income per capita

urban 1628 1.9 2.0 1.8 2.0 3.2 1.3

rural 605 5.0 5.0 5.0 4.9 39 55

dl 863 35 3.6 35 35 3.6 35
Thell Index

urban 90.9 -0.8 -0.7 -09 -0.7 0.8 -15

rural 51.0 0.3 05 0.3 0.3 0.2 -0.5

dl 81.6 -15 -14 -1.6 -1.5 0.2 -2.6
Thal within 70.0 -0.8 -0.6 -09 -0.7 0.4 -1.7
Theil between 11.6 -6.2 -6.0 -6.4 -5.9 -14 -85
Poverty (PO)

urban 43.4 -2.6 -2.6 -2.6 -2.6 -3.4 -2.4

rural 74.9 -39 -3.8 -39 -3.8 -2.4 -4.9

dl 67.0 -3.7 -3.6 -3.7 -3.6 -2.6 -4.5
Gap (P1)

urban 17.6 -3.7 -3.6 -3.8 -3.6 -2.2 -4.5

rural 374 -4.6 -4.5 -4.7 -4.5 -2.9 -5.6

dl 324 -45 -4.4 -4.6 -4.3 -2.8 -55
Severity (P2)

urban 9.5 -3.8 -3.6 -4.0 -3.7 -1.2 -5.3

rura 23.3 -5.6 -55 -5.7 -5.4 -3.6 -6.9

dl 19.8 -5.4 -5.3 -55 -5.2 -3.3 -6.8

7. Impact of Social Programson Poverty and I nequality

Given the scope of the problems of poverty and inequdity that Madagascar must face,
the concepts of "safety net” or targeting of poor households can appear irrdlevant. Inan
economic context where 67% of households live below the poverty ling, it is difficult to
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implement socid programsto eradicate poverty, because the country smply does not have
having financid meansto do so. We show nevertheless the results of smulations of socia
programs, in order to inform the debate on the impact of these programs on poverty and
inequality and to illudrate the potentia contribution of the microsmulation modd. The first
amulation conditutes a reference snce it analyzes atransfer which not only benefits al poor
(perfect targeting) but which, in addition, transfers to each poor household an amount
corresponding exactly to the difference between its income and the poverty line (perfect
information on income). The following Smulations present the impact of socid programs
targeted to households living below haf, a quarter and an eighth of the poverty line. In the last
two smulations, the programs are dternatively targeted on the urban poor households and the
rurd poor households living below a quarter of the poverty line,

The results of the firg four amulations (Table 24) highlight the problem of the
implementation cost of such programs. The cost of a program represents the poverty gap which
must befilled, i.e. the sum of the differences between income and poverty line for the
households living below this threshold, that isto say 25.7% of the GDP of the base year for the
program POOR1 which benefits dl the poor households (by way of comparison, the public
development aid received by Madagascar and the total foreign debt accounted for 12% and
142% respectively of GNP in 1995). Thisfigure makes it possible to measure the importance of
the economic growth effort thet would eradicate poverty, under the assumption that this growth
isentirdy redistributed to poor households and that there is no changein prices. In fact, this
idedl program does not permit the complete eradication of poverty sncetherate of poverty
decreases by only 36.2%. Thisresult is explained by the increase of prices of traditiond goods
which intervenein the calculation of red incomes: al the incomes are indeed deflated by aprice
index specific to each household, calculated starting from the idiosyncratic budgetary shares.
Thus, for certain households, the trandfer is "compensated” by the increase in prices. On the
other hand, the depth and the severity of poverty are greatly reduced, by 98.7%, which is
explained by the nature of the trandfer. The latter being equd to the difference between income
and poverty line, heterogeneity ex ante of the poor incomes of householdsis completdy



eliminated. Ex pogt, certain households "cross back” below the poverty line because of the

gructure of thelr incomes and their consumption. One can expect that these households are net

purchasers of traditiona goods.

Table 24: Impact of safety nets

BASE POOR1 POOR2 POOR3 POOR4 PURB3 PRUR3

% of PIB 25.7 18.3 75 2.4 0.6 6.9
% of the population 66.8 33.1 11.2 3.3 0.9 10.3
Income per capita

urban 1628 3.0 1.7 0.4 0.2 11 -0.7

rural 605 44.1 32.6 14.1 4.6 0.2 14.0

dl 863 24.5 17.9 7.6 2.5 0.6 7.0
Thell Index

urban 90.9 -19.1 -12.8 -4.4 -1.6 -3.4 -1.1

rural 51.0 -54.2 -45.8 -24.8 -9.5 0.0 -24.8

dl 81.6 -41.3 -32.8 -16.0 -5.8 -14 -14.8
Poverty (PO)

urban 434 -29.8 -4.9 1.2 -0.2 0.0 14

rural 74.9 -37.5 -14.1 -2.1 -0.3 -0.1 -1.9

dl 67.0 -36.2 -12.6 -1.6 -0.3 -0.1 -14
Gap (P1)

urban 17.6 -98.0 -59.0 -18.1 -6.4 -17.2 -1.3

rural 374 -98.8 -72.0 -32.4 -10.7 -0.2 -32.4

dl 324 -98.7 -70.2 -30.5 -10.1 -25 -28.1
Severity (P2)

urban 95 -98.0 -76.0 -29.2 -11.0 -27.3 -2.2

rural 23.3 -98.8 -85.7 -44.3 -15.8 -0.3 -44.1

dl 19.8 -98.7 -84.5 -42.5 -15.3 -3.5 -39.1

The next three smulations show that less ambitious programs remain expensve. Asan

example, the program POOR4. which touches only the poorest 3.3%, costs 2.4% of GDP and

dlowsonly a1.6% reduction of the poverty rate. Itsimpact on the depth and the severity of
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poverty appears obvioudy stronger (-30.5% and -42.5% respectively). These four programs
contribute to the reduction of between and within-group inequdity.

The last two programs target only a subpopulation of poor households with incomes
lower than aquarter of the poverty line. The targeting is no longer perfect snce not al poor
benefit from the program. On the other hand, information on incomes remains perfect and each
targeted household receives atransfer equd to the difference between itsincome and the
poverty line. The transfer program in the urban sector (PURB3) resultsin asmall increasein the
income of rura households thanks to an improvement in the agriculturd terms of trade.
Conversdly, the transfer program in the rurd sector (PRURS3) resultsin a degradation of the

income of urban households.

8. Conclusion

The smulations results bear out the contribution of this gpproach to the andysis of the
impact of various growth shocks on poverty and inequdity. At the aggregate leve, the market
equilibrium equations dlow endogenizing the determination of relative price, which makesit
possible to take into account genera equilibrium effects. The ex ante/ ex post decomposition of
results shows that the redistribution effect of the generd equilibrium mechanisms can be
sgnificant. The decomposition of results by group illustrates the contribution of the
microsmulation. This class of modds alows computation of poverty and inequdity indicators
without resorting to the traditiona assumptions on within-group distribution of the income. The
comparison of two poverty indicators, one theoretical, the other one derived from the results of
the modd, and the decomposition of the evolution of an inequality indicator, show that these
assumptions are likely to bias the results when andyzing the impact of pogtive or negative
growth shocks. Thisbiasis particularly sgnificant if oneisinterested in the evolution of income,
poverty and inequality for certain groups. On the other hand, the bias gppears smaler when one
isinterested in the totd indicators of poverty, but this result depends on the magnitude of the
shocks. These results thus make it possible to define more precisely the "confidence interva” of
the lognormal income distribution assumption. They do not give an answer on the vaidity of the

-55-



assumption of perfect aggregation. The variations of average income used to estimate the
variations of the poverty rate built on the assumption of lognormal digtribution, correspond truly
to the average of the variations of the incomes of heterogeneous agents. There is no evidence
that they correspond to the income variations of a representative agent subjected to the same
shocks. To answer this question, it would be necessary to have amodd with representative
agents comparabl e to the disaggregated moddl.

The anadlyss of theimpact of various growth shocks on poverty and inequdity so
highlights the complexity of the mechanisms connecting macroeconomic shocks and income
digribution, starting from amodel that takesinto account a great part of the diversity among
households, but in addition considers only three sectors and four goods. The microeconomic
specifications selected, dthough not standard, are nevertheless derived from amode of rationa
behavior, and the rationing schemes sdected are relatively smple. Even so, theimpact of a
growth shock on each household is complex because it depends on the structurd characterigtics
of each household as well as on the structura characterigtics of the economy.

Although the relative mean income and price changes are Sgnificant, the impact of the
various growth shocks on the total indicators of poverty and inequality appears rdatively small.
Thisresult isin conformity with the results of the studies on the evolution of inequdity in time (L,
Squire and Zou, 1998). There are severd explanations for this. First of al, the descriptive
andysis of the household incomes shows how income sources are diversified. This
divergfication condiitutesin itsdlf afirgt protection Strategy againg risk insofar as the incomes
coming from various sources are not directly correlated. In the second place, redlocation
between various activities reinforces this srategy, while making it possible for households to
react to sgnificant price shocks. The existence of transaction costs weakens the size of these
reactions. Findly, theinertiaof tota indicatorsis explained by the unequa distribution of
production factors. These inequdities will not disappear without proactive policies that give
access to education and credit to poor households. This inertia nevertheless hides the
importance of the phenomena of redidtribution among household groups. Andyzing the results



through thefilter of a dassfication into distinct socio-economic groups shows that the evolution
of the poverty and inequdity indicators can differ from one group to other.

Theresults of sengtivity andlyses highlight an important aspect in the questions of choice
of development strategy. In order to be effective in reducing poverty and inequdity, any
development strategy based on the growth of the urban/forma sector has to be redistributed to
agricultura/rura households through an improvement in the agricultura terms of trade. This
transmission requires a strong integration of the urban and rurd sectors. This integration can be
caried out only at the price of investmentsin infrastructure, facilitating the circulaion of goods
between cities and the countryside. Conversdly, any development strategy based on an increase
in agricultura productivity must be careful not to ignore the problem of product outlets. The
benefits of an increase in the productivity of the agricultural sector will be very largely
redigtributed to urban households through the drop in the price of the agriculturadl good, which
can benefit the poor urban households, but a strong degradation of the agriculturd terms of
trade can have a negative impact on the welfare of the rural households.

The scope of these results in the case of Madagascar is due to the extent of the
problems of poverty and inequality that this "less advanced country” must face. In an economic
context where more than two thirds of the households live below the poverty line, it appears
indeed difficult to implement socia programs to solve the problem of poverty. The results of the
andyses of various "ided" socid programs (perfect targeting and perfect information on income)
highlight this problem of cost as well as the importance of generd equilibrium effects.

Concerning the limits of the model, the extreme aggregation of goods and sectors does
not dlow to study the impact of more specific policies on poverty and income digtribution. More
precisdy, the economic impact of certain macroeconomic policies or liberdization generdly
depends on the tradability of the goods produced by the economy. One of the contributions of
the applied genera equilibrium modelsisther capacity to take into account these structura
effects through disaggregeation of activities and goods. Severa reasons explain why this capacity
islacking in the microsmulation modd as it has been developed up to now. Firg of dl, there

remains a problem of data and estimation. Taking into account more goods requires oneto be
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able to connect the income of each household to each type of good represented. This operation
isdifficult given the qudity of the available data. In addition, it is necessary to develop alabor
alocation modd with severd goods, which considerably complicates the writing of the modd.
Ladtly, it seemed to usinteresting, initidly, to develop a"smple’ modd to highlight the structurd
effects such as those described above. Another possible extenson of the modd relates to the
explicit modding of macroeconomic closures. This extension requires a further integration of the
mode within agenerd equilibrium framework, adding government and savings-investment
accounts. Findly, building a dynamic modd congtitutes another stage of development of the
mode. The introduction of the tempora dimension makes it possible to take into account
demographic effects, which are fundamenta to the evolution of inequdity and poverty. The
extensions described above can be envisaged as a"magic triangle’ whose nodes would be i) the
heterogeneity of the products, ii) the heterogenaity of the agents and iii) the tempora dimension.
It is advisable to ponder between these three poles of disaggregation according to the problem
at hand.
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