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Consumption Growth and Agricultural Shocks in Rural Madagascar
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2 Dial, Paris, France

Abstract— The aim of this paper is to evaluate the
effect of rainfall and agricultural shocks on consmption
growth in Madagascar. We are also interested in the
impact of local endowments in infrastructures and scial
services on consumption growth. To achieve this gha
micro model of household consumption growth is
estimated thanks to household panel data collectelly
the Reseau des Observatoires Ruraux (ROR) between
1999 and 2004. Additional data sources include thH2001
communes census organized by thélo program of
Cornell University. Altogether these different data
sources make an unusually rich data set, at leasthen
considered with developing country standards. We @&s
panel data fixed effect estimation technique to reove
unobserved household and community level time
invariant heterogeneity. We find that production shocks
have a substantial impact on consumption growth and
we find sign of persistence of rainfall shocks. Raks and
education seems to improve household’s consumption
growth and remotness decreases it.

Keywords risks, growth, poverty

I. INTRODUCTION

Reducing poverty is a priority for many government
of developing countries and international instaos.

Dollar and Kray's paradigm expresses that “groveth i

good for the poor” [1]. Despite sustained economi
growth in Madagascar since 1997, living conditions

poverty persistence especially in rural areas? Ma

rural areas have not improved. Why do we obser\rfg

factors have been mentioned including institutional
agro-climatic or ethnic endowments. In many cases

growth of poor countries. But studies have failed t
investigate further and explain the African growth
paradox. The mechanisms at play are not disentéingle
This paper assumes that uninsured risk is one aHuse
poverty persistence and examines to what extent
uninsured risk impacts consumption growth and
poverty at the household level in rural Madagascar.
The relation between risk and poverty is a matter o
direct and indirect effects. We call risk the qufzattle
likelihood of a loss of revenue or less-than-expéct
returns. A shock is the realisation of the risk.islt
straightforward that a direct impact of a negative
shock is a drop in revenue. If in addition, a hdwde
lacks insurance mechanisms, a drop in its revenue
directly translates into a drop in its consumption.
Moreover, in a context of high exposure to risk and
absence of insurance or credit markets, indirdeces
of either shocks or uninsured risks are also desta
These indirect effects arise from the householidk r
coping mechanisms. We distinguishex-post
mechanisms such as saving or participation
informal insurance networks amk-antemechanisms
such as revenue diversification, technology adoptio
and production choices. These mechanisms only
results in partial insurance [2]. Risk mitigatignugh
ex-anteself insurance often corresponds to low risk
but also low return activities that may keep hoodash
in poverty. Moreover, for households lacking
insurance mechanismgx-post coping mechanisms

in

?nay imply loss or selling of productive assets like

animals or land to maintain their consumption above
an acceptable level. The loss of productive assets

finders further the productive capacity of housésol

Uninsured risk is thus likely to contribute to paye
ersistence. In this article, we aim to test for
ersistence in the impact of shocks suffered by the
household on consumption growth.

the “African dummy” appears to explain the gap in
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Madagascar is an obvious setting for the study afndowment in Peru. This paper largely draws from
impact of risks on poverty. Malagasy households arBercon’s [12] recent work on consumption growth and
indeed confronted with many different types of riskshocks in rural Ethiopia.
especially in rural areas. Farm households areesubj This paper is structured as follows. The next secti
to production risks, both covariate risks (typhgonspresents the empirical framework. Section three
droughts, flooding) and idiosyncratic risks (farm-presents the data and the empirical specification.
specific crop and livestock damages by predatods arSection four presents and interprets the resutistich
diseases) in a context where credit and insuranai concludes.
markets are missing. Half of rural Malagasy
households have declared damages linked to
environment and climate in 2004 and 2005 [3]. Types
of risk also vary across the rural regions of Il EMPIRICAL ERAMEWORK
Madagascar. For example, typhoons are more
prominent in the Eastern regions whereas droughts i

the Southern. The Solow income growth model [13] and its
This paper has two main contributions. First, idevelopment with human capital accumulation by
studies consumption at the household level using ajankiw et al [14] motivates our empirical growth
exceptionally rich panel database of 11,000 rurghodel. Income growth rate is related to initialdeof
households observed from 1999 to 2004. The StUdy Q:icome and a number of variables determining the
growth in living standards using household-levefada steady state including investment in physical and
is not that common. Growth models have been testefiman capital and factor productivity. In the comte
against data mainly through cross-countrief panel data of per capita incomef H householdé
regressions. These cross-countries regressionsoére in R regions r from period-1 to t, the empirical
fully satisfying because their results are oftemyrowth model can be rewritten as follows:
subjected to econometric and data problems [4, 5].
Studying distributional issues at aggregate country |n g, —ING,.=0 +BIN Gt + & Xpr + 7 Zir [1]
level is not satisfying. The relevance of cross-
countries evidence for pOllcy formulation is alsoWhere ¢ IS income per Capita (or any other indicator
limited. Investigating the determinants of growth aof ||V|ng Standards)a is a common source of growth
the household level is more promising. across households,xis a vector of time varying
Second, the paper quantifies the impact of shooks ¢ ousehold characteristics ang a vector of time
consumption growth at the household level. Thenyariant characteristics from either the housetmid
relation between risk and poverty is well estalddsin the region, determining investment in human and
the literature but the quantification of that raatis physica| Capita| and factor productivity_ Per Capit
seldom available. In particular, few papers studyncome growth will be proxied by per capita
persistence of shocks at the household level. Beini consumption later on.
et al. [6] stress the crucial role of price levelda This empirica| framework |mp||es very Strong
variability, access to key public goods such adthea gssumptions (see for example [15]). But it can $edu
care, eleCtriCity and infrastructure, and the Inllimme as a Starting point to investigate a set of qUBstio
of initial endowment in assets for income growth. A standard question in growth empirical analyses is
Gunning [7] shows that income growth of a panel ofyhether convergence in per capita living standard
Zimbabwean households mostly results from agxists between countries. At the household lev, t
increase in the return on the asset and an acctiamula guestion translates into the following: do inconoés
of assets. Jalan and Ravallion [8, 9, and 10] sthdy the poor households grow as fast than those afithe
dynamics of living standards of a panel of Chinesgouseholds after controlling for variables that
households. De Vreyer edl. [11] investigate the determines the steady state? In other words, we
existence of poverty traps linked to geographi@xamine if the growth rate is roughly what is posetil
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by the model once differences in investment rat¢ arMadagascar since 199These areas are not randomly
productivity are controlled for. A negative estim@or  selected but are rather judiciously chosen totilhie
the parameter B would suggest conditional different facets of the Malagasy rural economy.eTh
convergence. household sample is therefore not statistically
Shocks havea priori no explicit role to play in this representative of the country. The areas stroniffigrd
specification. Often, shocks are accounted for bfrom each other in terms of soil quality, rainfall
introducing a stationary error term in the regmssi pattern and population density. Within each area,
The introduction of shocks in an empirical growthhouseholds are randomly chosen from an exhaustive
model is justified on the ground that period-sgecif list. Approximately 500 households are surveyed
conditions can affect initial efficiency, i.e., theevery year in each area. Households that had maved
technological parameter in the underlying productioare unwilling to be interviewed are replaced by new
function. Dercon [12] argues that this approach ifiouseholds with similar characteristics from thmea
short of accounting for neither the persistencether area. The survey provides many data on housing,
accumulation of shocks. As mentioned above, it iBousehold demography, education, revenue sources,
most likely that uninsured risk has a structurdéef agricultural production (landholding, crops and
on the behaviour of poor households. If we assumeusbandry, farm technology, input use, stocks)p-agr
that a multiplicative risk affects the technologicaclimatic shocks and expenditures in food and non-
parameter of the implicit Cobb Douglass technologyood items. As a result, we lay out a panel of lrura
of the Solow model, it is then possible to introgltlce  Malagasy households surveyed each year since 1999.
shock directly in the specification after lineatina.  Additional data are drawn from the 200lo
To evaluate persistency in the impact of shocks opopulation census. This census is the first exhaust
consumption growth, we introduce contemporaneousensus organised in Madagascar. It has been ram fro
and lagged shocks in the empirical growth model aSeptember to December 2001 by interviewing focus

follows: groups in each commune of the country. Data fraen th
2001 llo population census includes demography,

INGr—INGr1=a +PBIN G+ Xpe +y Z + health and education services, schooling, farm
2 B (I Shreker- IN Spie) [2] characteristic, market access, entrepreneurial

environment, agro-climatic shocks, insecurity, orec
With Syuq1 the intensity of the shock ipear t-k+1, of organizations and associations.
k=1 to T and T the number of time period ang.sl In this study, we use household data for the period
the intensity of the shock in year t-k, k=1to T. 1999-2004. Consumption exhibits a large variapilit
within time, areas and households. During the 1999-
2004 periods, we observe a slight annual per capita
consumption growth of 0.2% in average for the rural
household balanced panel. This average annual lgrowt
is, however, largely due to the per capita consionpt
increase of 6.4% in 2004In parallel, per capita Gross

The database is computed from annual surveydomestic Product (GDP) decreases at an average
administered by thRéseau des Observatoires Ruraw@nnual rate of 0.05% during the same period. On
(ROR) in several rural communities from MadagascafVerage, per capita rural consumption growth is the

and the 2001 exhaustive population census organiz8ighest in 2000 and 2004. In contrast, per caplidG
by thello program. growth is the highest in 2003 as a result of the

The ROR is a joint project of the Malagasy National
Statistical Institute (INSTAT) and the Institut de,

. Actually four areas have already been surveyedkesl®®©5. From
Recherche pour le Développement (IRD). Thanks t94 to 17 distinct regions are surveyed each year.

field operators, the RORuns annual surveys of a 2rthis large increase in per capita consumption D42€ould be an

panel of rural households in twenty one rural aas artifact caused by a high inflation that is not meptured by the
deflator or a late recovery in rural areas from2062 turmoil.

. DATA AND EMPIRICAL SPECIFICATION
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recovery from the political turmoil in 2002. The
evolution of the per capita consumption of rural
households does not exactly match the evoluticghef LOCALISATION DES
per capita GDP. The growth in per capita rura OBSERVATOIRES RURAUX
consumption is smoothened and seem to follow th

per capita GDP growth with some delay (see tahle 1 J

Antsiranana
(Diego-Suarez)

Some observed areas have experienced different ag N\ N 4
climatic conditions over the period (see figureol t I\ 5 G G
locate the areas surveyed). In Fenerive Est ar o Vel J
Farafangana situated on the Eastern coast that . L__,.__M:;fvoav
subjected to many cataclysms, the per -capit ° A o

consumption level is lower in 2004 than in 1999 Pe
capita consumption in Fenerive Est dropped in 200
whereas per capita consumption in Farafangana w
particularly low in 2000. Both areas have not fully
recovered in 2004. Per capita consumption growth i
Antsirabe and Maravoay performed particularly well
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in the recent years of 2003 and 2004. Per capi R 1
consumption in Ambovombe grew during the perioc _TJ N
but stayed the lowest among the areas. Per cap f J -

Manakara

consumption in Ambatodrazaka stabilised after it
drop in 2000. Per capita consumption in Toliare
stagnated during the period except in 2004 when
dramatically increases. Areas that perform better i -
terms of overall per capita consumption growth rat | ...
during the period seem to have lower per capit ® Vil secondare
consumption average during the same period. Th [ gieenanteg
observation suggests that some convergence in f

capita consumption occurs. This suggestion iSigure 1: localization of the areas surveyed byRI@R in
confirmed by the econometric analysis. 2003-2004 (Source: ROR)
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The basic econometric specification is drawn from
the empirical growth model (2) presented in section
Like in Dercon [12], the basic specification is ten

Year Per capita consumption Per capita GDP growth

growth as follows:
2000 2.2 1.67
2001 1.2 2.95 IN Gt — INGurea = 0+ B IN Gures + 8 Xt +7 2 +
2002 22 o 80 (IN Shre- IN Sprt-1) + U [3]
2003 1.7 6.66
2004 6.4 2.06 where the error termyiis a transitory error term with
Average 0.2 -0.05 Zero mean.
Sources: ROR and IMF The dependent variablgg- In Gy — INGy1 IS the

annual growth rate in total consumption per capfta
Table 1: Per capita consumption and GDP growth imouseholdh in yeart. Our measure of consumption

percentage from 2000 to 2004 expenditure includes cash expenditure and the iesput
value of in-kind spending on food, -clothing,
medicines, housing, education, recreation,
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transportation, and rituafs.Because the Malagasy from one year to the next one leads us to introduce
economy is subject to a high inflation, thesuccessively past shocks (t-2), (t-3) and (t-4).
consumption aggregate is deflated using the ndtion8ignificance of past shocks is an indication of
price index calculated by the Malagasy nationapersistence over the years.

institute of statistics Since this is not the most

satisfying, a local price index is under constTtio N Gyt — INGyr.s =0 + B IN Guyra + 8 Xt + ¥ Zor+ B (IN Sy IN Sher) +
account for price dynamics at the local level. The 8, (IN Syer- 1N Swio) + Ut [4]

shock vector & includes contemporaneous rainfall

shocks as well as idiosyncratic agricultural shocks We then investigate the impact of the accumulation

n& rainfall shocks. We use an interaction term et

by the whole community whereas agricultural ShOCkr?urrent and lagged rainfall shocks with the sameeth
declared by the households are considered %Becifications as above as follows:

idiosynchratic shocks.
Rainfall shocks are defined as changes in th@ g, —Ing,i=0o+pIN Qs+ 3 X +v Zut B (IN Sy I Ser) +
logarithm of annual rainfall at yearelative to yeartf
1). Rainfall levels are scaled to long term mean to
allow for comparison across aredom Chérel —
Robson and Minten [16], we know that risks depengye 5150 introduce the sum of past shocks as follows
on the type of plot cultivated. Rice cultivation on
tanety areagterrace cultivation)s riskier than on low
ground areas. In 2001, cultivation on about 80% Oh Gy — INGr.s = o + B IN Gurr + 8 Xt + ¥ Zut B (IN S IN Sor) +
tanety plots underwent production problems whereas
only one third of low ground plots has production
problems. Low ground plots are however more subject ] o
to flooding problems than tanety. To introduce,We must recognize that th'e Iagged. consumption is
heterogeneity in the intensity of rainfall shocksass likely to be endogenous. Time varying unobserved
households, we introduce an interaction term batwe&haracteristics of the households are integrateitién
specification. removed by the fixed effect regression. Potential
Idiosyncratic crop shocks are represented by annug@ndidates to instrument lagged consumption must be
indices of crop damage lying between 0 (no damagg}lﬁlaently correla’ged with consumption at (t-1nda
and 3 (harvest reduced to nothing) identified b>be uncorrelated with the error term of the struadtur
individual crop (rice, maize, tuber and other cjops SPecifications. ~ One  potential instrument s
Crop damages result from degradation by men dionsumption lagged twice but using it drops the
predators, diseases or cataclysms. We introduce tRBServation for which this data is not available,,i
heterogeneity in rice shocks by interacting thdhe consumption g_rowth between 1999 and 2000. We
intensity of the damage on rice fields with theaarecN00se to use capital stock at (t-1), i.e., the bemof
planted in rice for each household. Livestock seockP€rsons at working age and the number of livestsck
are represented by annual numbers of dead animals.instruments. This choice is allows to have a lichite

Changes in the household demography are aldi!mber but well correlated instruments. We run a
included to control for life cycle and other Hausman test that compares OLS versus 2SLS

demographic effects over the period. estimates that indicate that instrumentation is

We use different specifications. First, we introgluc N€cessary. _ _
contemporaneous agricultural and rainfall shocks. !t is likely that unobserved heterogeneity persists

Second, we introduce lagged rainfall shocks in th@fter controlling for individual and geographicesfts.

specification. The high correlation between shock! Particular, we can think that latent variables
determining government investment in infrastructure

program could not be measured. Moreover parameters

e1 (In St In Swrt-l) (ln Shrt-1- In Swrt—z) + Ut [5]

+ 01221 4 (IN Sypivr N Syei) + Unye [6]

% durables are excluded from this aggregate
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determining utility and production functions of the

households could surely not be fully taken into 1 2
account by the available data. A more proper way t0n (consq,) S0.445%% 0 444%
write the error term;uwould be to disaggregate it as (0.067) (0.067)
follows: In (rice shock- 0.010** 0.009**
_ rice shock;) (0.004) (0.004)
Ui = O +Vi In (rice shock, -0.018** g 018***
The panel structure of the data makes it possible shocks) (0.004) (0.004)
control for unobserved individual effeap;, The M (Mmaisshock -0.024* .0.024*
technique to be used depends on the nature of th@&s Shock) (0.014) (0.014)
unobserved effect, namely if it is correlated ot no N (mais shock, - -0.002 -0.002
with the explanatory variable. In our case it isreno mais shock t-2) (0.013) (0.013)
likely correlated. The correlation is quite evidénve In (bovin shock 0.128%* () 10Q%**
think asw; as the ability of the producer. The ability is (0.017) (0.017)
surely correlated with characteristics of the hbosds In (caprin shocl 0.1071%** 0.100%**
as _edupatlon for ex_ample._ As a re_sult random_effect (0.027) (0.027)
estimations lead to inconsistent estimates. The ®Ir —jyouitry shoch 0.032%*  (.032%*
to use the fixed effect model. In our case thislliga (0.003) (0.003)

dropping the time invariant variables of interake|

presence of bank, road infrastructure or technologyIn (porcin shoch 0.030% 0.033™
level. To still have an idea of the impact of this , (0017)  (0.016)
variable, the model is first estimated using the ™ (Povin shock:) -0.0577* — 0.058*
standard fixed effect method identifying the (0.018)  (0.018)
coefficient of the time varying variables while In(caprinshock) -0.0727*  _0.072%**
controlling for individual heterogeneity. The fixed (0.025) (0.025)
effect @; is then regressed on the time invariant In (poultry shock,) -0.025%** g 025%**
variables of interest like the existence of a r@adess (0.004) (0.004)
to health and education services, access to market. ~Rainfall shock 0,162+ 0,205+
(In S¢-St-1) (0.043) (0.046)
Rainfall shock; 0.144***
(IN Se.1-Si-2) (0.040)
IV. RESULTS AND INTERPRETATION skP_basf: skrairt 0 580
area in low ground (0.285)
We first discuss the results of a fixed effect SkP-tanet skrait 0.560
regression of consumption growth on the initialeley —2€2intanety (0.546)
and a set of covariate and idiosyncratic shockdewhi SkP_tavy: skrai 1.571
controlling for change in demographic variable @s i_areain tavy (1.385)
specification [3]. Table 2 below presents the rssul skP_plain: skraiyt 0.357**
The results point to a process of convergenceareain plain (0.166)
indicating that poorer households grow faster thanObservations 29137 29137
richer one after controlling for variables determngn ~ Number of id 11571 11571

the steady state.
Contemporaneous rainfall shocks clearly matter antiable 2: FE estimates.
appear with a significant negative sign suggestiagg Dependant variable: per capita consumption growth.

rainfall negatively affects consumption growth on Variables included but not reported: time* obs digsn
changes in demographics
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: 1 2 5 6
average. But the relation between annual raiaiadl In(consay) 0445 0443 0d

rice production is, however, not monotonous neither (0.067) (0.068) (0.068)
ywthln year nor within space. From the second ccuiumSklrain NS R

in table2, we see that plot type matter.

: o IN(S-Se) (0.043) (0.054)

Contemporaneous shocks on rice appear with a
significant positive sign that is unexpected whereag —-=— o 1Az
one-year lagged shocks on rice appear with th@1 Su1-S1) (0.040)
expected significant negative sign as the shock ;ﬁteréksk 1 T
coded from O to 3 in ascending order of the shoc krain*sErain_l) (0.238)
intensity. Contemporaneous production shocks oh

maize appear with a significant negative sign altersksk 2 0120
expected whereas one-year lagged shocks on maigkrain‘skrain.) (0.216)
are insignificant. Estimates related to crop shock&tersksk 3 0.052
could be due to the design of the questionnaireei@i _(Skrain*skrain.s) (0.204)
the agricultural calendar, shocks undergone ariftersksk 2 -0.120
recorded in yeart{l) could have consequences on thdskrain*skrain,) (0.216)

harvest recorded in the following year intersksk_3 0.052

Contemporaneous livestock shocks appear to Hgkrain*skrain.s) (0.204)
significantly positive but one-year lagged live#toc InSskrain2 0.033
shocks appear to be significantly negative. Becaus@m(skraif) (0.047)

livestock shocks are measured in terms of the numbe

of dead animals, one possible interpretation of thesple 3: FE Estimates.

positive  cotemporaneous relationship  betweepependant variable: per capita consumption growth.

livestock shocks and contemporaneous consumptidrariables included but not reported: time* obs dugsn

growth is that households tend to consume and sehange in demographics, agricultural shocks

more their livestock under these shocks leading to

momentary increase in consumption. Hovyever, thesgis suggests that past rainfall shocks mattetn t

shocks echo on the household’s behaviour on thﬁanagement of the current rainfall shock.

following year diminishing then its consumption. We turn now our attention to the evaluation of

Households may adjust their consumption in responsge impact of infrastructure and social services on

to herd depletion because they own fewer assets a@é’nsumption growth. In particular we focus on asce

thus have lower self-insurance capacity and loweg, the presence of a paved road, on fertiliser use,

quasi-liquid resources. This hypothetical behaViOUbresence of a bank, remoteness and presence of a

cannot be derived from the results of the tWQnarket. This attributes have been measured inlie |

regressions and has to bglnvestlgated.further. 2001 census of the Malagasy communes. Because
Table3 shows the persistence of rainfall shocks Ofyese variables are only observed for one period in

consumption growth. Past shocks are directlpgp1 in our dataset, they are considered as time

introduced as in specification 4. The one-year 689 invariant variables in the regression. As a

rainfall shock has a significant impact on currengonsequence, they are removed when using fixed

consumption growth in contrast to rainfall shodkatt  effect estimation. To still have an idea of the éwipof

are lagged more than one period. The interaction te these variables, we regress the estimated fixestteff

between the rainfall shocks at ye¢aand yeart1) as from specification 3 on these variables. Results ar

in specification 5 appears clearly significant V8  resented in table 4. It indicates that fertilisese,

the sum of past rainfall shocks as in specificaon yads, markets and education of the household’d hea

?prl’e%r)s to be non significant (Columns 5 and 6 iRas a significantly positive effect on consumption
able 3).
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2 3

4

infrastructure and social services. This analysiesu

FE from regression col 1 from figure 3

an unusually rich rural household database for a

developing country covering the period between 1999
and 2004. Despite the large coverage of the ds¢aba

in terms of number of households, the database is
quite short in time coverage to analyse consumption

growth. The dependent variable may be contaminated
by too much variability due to contemporaneous good
or bad fortunes.

Estimation results confirm some consumption

convergence among households while controlling for
variables determining the steady state. Concerning
production shocks, results show evidence of

persistence of past rainfall shocks. In addition,
fertilizer use, roads, markets and schools bubaoks

positively impacts consumption growth. Future work

consists in describing and explaining better disipar
of these results across regions, especially the @bl
infrastructure, social services and social capital

endowment.

hhd size -0.085*** -0.084*** -0.086*** -0.085***
(0.002) (0.002) (0.002) (0.002)
Nb of bovins 0.024*** 0.025*** 0.024*** 0.024***
(0.001) (0.001) (0.001) (0.001)
Education 0.089*** 0.090*** 0.090*** 0.0971***
of hhd's head (0.001) (0.001) (0.001) (0.001)
Paved road 0.086***
(0.012)
Fertiliser use 0.052%** 0.051***
(0.003) (0.003)
Bank -0.056*** -0.024*
(0.015) (0.014)
Remotness -0.040***
Index (0.003)
Market 0.037*** 0.054***
(0.009) (0.009)
Constant 0.077** 0.257*** 0.079*** 0.120***
(0.012) (0.014) (0.013) (0.012)
Observations 25649 27589 25649 27589
R-squared 0.21 0.20 0.21 0.20

Table 4: OLS Estimation results
Dependant variables: estimated fixed effect frogreesion
in the first column from figure growth.

Unexpectedly, access to banks is associated with
lower consumption growth. Remoteritsanplies
lower consumption growth.

V. CONCLUSIONS

This  paper
performance in several rural areas in Madagascar in
light of production shocks and access to

the

analyses  consumption

growth

1. We use the remoteness index constructed by thepio@Qram.
It takes into account the distance to differentasfructures and
social services. We obtain an index ranked frono 15t For
more information see Stifel D., Moser M. , Randaason L. et
Minten B., Situation actuelle du systeme de trartspi
Madagascar et implications sur le bien-étre et defvités

économiques :

Programme llo, Novembre 2002.

Résultats des enquétes communales 200
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