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ABSTRACT

THE IMPACT OF RAINFALL SHOCK ON AGRICULTURAL
PRODUCTION AND HOUSEHOLD WELFARE: THE CASE OF RURAL
COTE D’ \IOIRE
BY

AZIA HERVE

In rural economies, how do weather extremes affect agricultural production and household

welfare? Using Cote’dl v’osi rHar moni zed Survey of H249 ehold
dataconducted by the Institutational de la Stadtique (2018), | investigated how households in

rural zones that entirely depend on rainfall for their agricultural activities are affected. Using an

OLS model, | estimate the effect of sedported rainfall shock on household m eps fricec r
maize,yam) production and their welfare inrural Cotedv oi re. The result frc
shows that households that reported weather shock observe a decrease of 25% and 18% in yam
and rice production, 8% and 3.2% in Amed consumption andonsumption expetiire

compared to the household that did not face rainfall shock. If nothing is done household that
undergo weather shock could see their ability to send their children to school or subscribe to
healthcare service reduce. These reswoltddcalso lead chilren of those households drop from

school and increase in farming works or other activities.

This study contributes to the few literatures that useereptirted weather shock to assess

household s 1 evel of poverty in rural =zones.
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INTRODUCTION

Considering that agriculture supports milliondafadrantaged households in rural areas
around the world (World Bank, 2017), the growth of radial weather would exacerbate the
vulnerability of households in developing countries (Skoufias et al., 2011). Climate variability
and droughts are important stsefators in Africa, where rural households have to deal with
such factors for decades (Mortimore & Adams, 2001). The increasing impacts of climate change
affect the rural population which entirely depends on-faghagricultural activities (Kouadio et
a 2011). Considering these factors, | examine the effect of-iegdbrted radial rainfall in 14
districtsinCoted I voi r e .

This study is done on househbld ma i n ¢ r o,pand yam) preduaction anal i z e

theirwelfare in the rural zones. With a predomant ural population that mostly relies on rainfall

to grow crops, | focusonthepast3yéarsr e port ed weather shocks and
stated in the survey conducted by Institut National de la Statistiqué,(ﬂﬂ$8).

Objectives of the Sudy
Thereare two basic objectives | would like to focus on in this study.
First, |1 look at the weather shock on agricultural production to show how radial rainfall
influences agricultural productioninruralCoteivoi re to find farm@s cropp
can use to mitigate the impact of rainfall unpredictability on their livelihoods.
Secondly, | estimate how the shock affects households ot a1l ¢ o mpita ang thdiron pe

percapita consumption expenditure.

Lnstitution specialized in madnizing ndional statisticablata collection systemsincotted voi re i n
collaboratiorwith World Bank



Using the Harmonized Survey of Household Living Conditions 2208 conducted by
the INS Cote d'lvoire, | use the production regression to shewnttuenceof seltreported
radial rainfall on Rice, Maize, and Yam vyields. | consider these three crops for various reasons,
but for the purposes of this study, | will focus on two of them:
According to the study conducted by Louis Dreyfus (2018), yiam,and raize are staple foods in
Coted Ivoire accounting for more’thonabl%ootl kboumns
Likewise, these crops are primarily grown by smallholder farmers, whose livelihoods are largely
dependent on their own proction (Koffi Eugéne et al., 2012). This might mean any variation in
weather, unfavorable or beneficial, could have an impact on householdsa i | y 1 i ving <c¢con
high variability in rainfall the unfavorable most locations of Cote d'lvoire becoro#i (Eugeneet
al., 2012), allowing the development of several cryptogamic illnesses or deficiencies, which limit
yields to a varying degree depending on the year (Mangini et al., 2012). Although other publications
have investigated the consequences oftmarathocks this study uniquely contributes to the field of
weather shocks in several ways. To the best of my knowledge, this study is the first to-use self
reported plot locations and covariate shocks to examine the effects of rainfall on agricultural
producton inrural Cote d'lvoire.
This study is organized in 6 major parts as follow. Part 1 introduce the study along with the
objectives of the studies, Part 2 shows previous studies that examines the impact of weather
shock on agricultural productionpWw this shak is reported by different category of households.
It also relates the background information on Cote d'lvoire's agricultural industry and weather
change. Part 3 focuses on the description of the variables, the data sources, and the methodology
The empiical strategy is presented in Part 4, the findings are in Part 5, and the discussions and

conclusion followed by the limitation and future work in Part 6.



BACKGROUND AND PREVIOUS STUDIES

1. Background of the Study

This chapter provides aoveniew of relevant literature elaborating the historical
background for Cote d'lvoire agricultural production and weather variability. This begins by
visualizing the environment, agricultural output, coping systems;femsh consumption, and
food consumtion as canponents of a simple system (Figure 1), in which-fomd consumption
and food consumption are important dimensions of households e (Afhare et al., 2018a).
The agricultural output is directly influenced by the precipitation, which indyectpactsboth
food and noffood consumption at the household level.

Figure 1: Environment Impact and Agricultural Challenges

Precipitation I

Coping Agricultural

Mechanism | production

Food Non-Food

Other

activities

Consumption Consumption




Source: FAO, the future of food and agriculture (20&7)

Food consumption is influenced by precipitation primarily through current agricultural
production (Figure 1). This notably true in rural zones, where agricultural productioncaimel
incomegenerating activities are mostly influenced by rainfall (Dercon & Krishnan, 2000). A
negative income or food provided by other activities and agricultural production caused by
weather shock results in a fall in total consumption and houseévdthuevariations (Jacoby &

Skoufias, 1998). In general, households are better equipped to protect their productions from
‘idiosyncratic shocks (shocks affectin gedstind fromeowakate h o us et
shocks that affectthe entire societyjHoddirnott, 2006). A previous study conducted by Dercon

and Krishnan (2000) to establish the relationship between'cinvariate and idiosyncratic

shocks 3 on householdonsumption expentlire, has found that covariate shocks have a greater

impact than itsyncatic shocks. Furthermore, Hoddinott (2006) concluded that when
consumption is impacted by covariate shocks, both food andomonconsumption are affected
differently, and food consnption is generally preferred than afmod consumption when this
occurssimultaneously (Skoufias & Quisumbing, 2005).

Many studies also found out that when housetiolds o ns umpt i on is hit by a s
the households h e a d femde)(oneachtegoryof consumption may be more impattiaa

others,and foa consumption may take precedence over the others (Duflo & Udry, 2004).

2. Previous Studies on Weather Variability

2Prepared in the context of resolving agricultural trend$hferfuture work under SDG 2030 agenda in Rome

3Generally employedtemphaize on household poverty comparison within household community. It is convenient
to look at the difference in magnitude affecting individuals; one may converge towards commuektjosho
consider the consistency of the impact.

4



The goal of inalding hese previous studies of radial weather is to understand the
environmental impact due to climate change on different zones in Cote d'lvoire. A study done by
Kouadio (2003) in the Gghysical Research, draws a conclusion based on rainfall dataedllec
from 22 different weather stations located over Ivorian territory between 5 and 11°N and 3 to
8.5°W. According to this study, the monthly time series rainfall collected between1B®84
divides the country into three climatic zones in the north, diaéhs and the SahglKouadio et al.,

2003) The rainy season occurs from June to August and September with August having a high
volume of rain in the Sahelian region. The seasonal raiojale in the middle zones has a
slightly bimodal structure, a rairgeasorfrom June to September, a protracted dry season from
December to February and a short dry season in August in the c@katrgdio, 2011) This

concludes the variability of rainfalh most regionsin Cote’dl v oi r e .

3. Previous Studies using Selfeported Rainfall Shocks

According to Luc (2010), when households experience a weather shock, its impact
reflects on the value of their agricultural output on which they mostly rely onahateas. Once
the agricultural output is impacted, it leaves a atieg@ nmark on consumption (Dercon &
Christiaensen, 2007).

This study relies on subjective shotleasures obtained from househdldsr e s pons e s
developed two major groups (yes or no). Evkaugh this study used seHdported weather
shocks, it can prov&la god value estimation of shock reports for those who have experienced
negative or positive rainfall shocks. However, it is also important to note that some households
do not report a sick if the impact is minimal, and they could easily handle it.

To illustrate this argument, | explore previous studies conducted cnepelfted shock techniques.

Tree rup (2011) investigated sedported weather shocks from householdsr e s ponses and



concluded that shocks reported by households on-sdrant pattems appar to reflect less
variation in rainfall estimate.

The process of reporting shocks can be either-mamarting or undereporting(Bound
et al., 2001). For instance, reported im&s, education, healtielated issues, transfers,
unemployment, andveathe are all seHreported shocks investigated in previous studies
(Carletto et al., 2013).
It has been discovered, for example, thateeiployment income or environmental revenue
from the extraction of common natural resources is uregmrted (Pevathi & Nguyen, 2018).
Despite the existence of numerous pieces of research enegeited shocks, research on
validating covariate selfeported weather shocks remains most valuablausecclimate data is
observable as well as exogenous (Nguyen & igu20®). Several writers in capturing
covariate shocks identified no higher effects in reporting weather shocks, and the only effect that
could influence the covariate shock is when catarshock is muddled up with the effect of
other shared region feaes Nguyen & Nguyen, 2020). Other researchers utilize a community's
average of reported shock events as this method is nevertheless vulnerable ta¢perseid

bias inherent in eaaleported shock occurrence (Berloffa & Modena, 2014).

4. Possible Sotces of Covariate seltreported shock biases

Errors can occur at any point during a survey. AccordinBdond et al ., (200
Parvathi & Nguyen (2018), three causes of measuremes ehat occur during a survey could
be ‘cognitive processeés'sacial peception’, and thesurveying process
The cognitive process can be defined as the strength of the memory trace: "the stronger the trace,
the less effort needed to locate and estithe information.” This is the most likely process to
cause erns in reporting shockéBound et a 13745). 2001, p.

6



When reportegshocks are“memories associated, biases in reporting shocks can be both
downward and upward, depending on the dimtif the errorvariable connectioii (Beegle et

al., 2012). Regardg sogal perception, it generally occurs in reporting natural disaster shocks by
rural households in lowuncome countries (Nguyen & Nguyen, 2020). Households generally
report natural disster shock, based on reward attached to the survey participatioratfi &

Nguyen, 2018). In survey process, researchers discovered a link between gender, education level,
age, and residence location with the incidence of health shock reporting insec(@iwra et

al., 2004). According to Christiaensen (2007) heahbcksreported during survey are more
frequently by individuals with better salaries, less serious illnesses, to take time off. For instance,
households with low incomes are tempted toorefewer health concerns Gertler et al., 2002),

and the desire teeceiveassistance (Groot, 2000), this could bring in the issue ofreperting

shocks during surveys (Baker, 2004). In addition, measurement error during the survey process
could occur viaen surveyors undertake surveys in different conditiBosind  at., 2@1).

In general, researchers on selported shocks discovered that the likelihood of -@eporting a

shock is connected to the type of shock reported (diseases in health gi®dkhe of occurrence,

the severity of the shock, the featurestlod repondent, and the justification that motivates the
participants. However, biases in sedported shocks can be attenuated, especially when they are
used as explanatory variables (Bgk2004). In this study, seléported weather shock is not rethte

to ary responderit s motivation, tionsar agewardafer repoetimgushack ar the

household's coping ability, as is the case in-mgbrted health shocks (Quisumbing &

Maluccio2003). Furthermore, the reported weather shock in EH&MMvey isa covarate shock

4 Enquéte Harmonisée sur les conditions des vies des menagesen @otedi r ¢ present e
2018/2019. https://data.worldbank.org



and reported by a large number eirrsunding households. This reduces the bias that could

occur in cgnitive processes. The proclivity to report weather shocks is determined by the unique

features that influence shocks in a community; households that avoid damage because of the

weather shck or households f ar mi n g

report shocKTesliucet al., 2000).

activities

tadge awil nod i d

5. Major Food crops Seasonal Calendar in CotedI v o i r e

According to FAO (2021) the agriculture industry accounts for 80% of Cote d'lvoire's

GDP with 26% for the major crops and employs 46% of the workinglptpn and feeds two

thirds of the Ivorian population

Figure 2: Seasonal calendar for crops in Cote’dl voi r e

Cote d'lvoire

Crop Calendar { *major foodcrop)

Cassav= (Istyearn)

Mazize™ (Mz=in)
Mz=ize™ [S=cond)
Millet

Rice™

Sorshum
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\
Casssava (2nd ye=n) !

Lean pericod (north)

Lean period (sourth)

Sowins
Growings

Harvestins

Source: FAO/GIEWS, FEVWSNET.

Source: FAO (2021)

The agricultural productivity in Qe d'lvoire is characterized by a bimodal season (FAO, 2021).

There is the rice sowing season starting from April to July, growing season from August to

n

December, and harvesting season in September to December. Yam is planted from February to

March, growsfrom April to June, and is harvested from July to December. Theréwa sowing

periods for maize. March to April is the first period, and August to September is the second period.

(0)



METHODOLOGY AND DATA

The data for this research comes from Hermonized Survey of Household Living
Conditions 2018019 in Coted'lvoire and collected through the muitipic household
guestionnaire which was distributed to all families, for both agricultural production and
household welbeing analysis.

The instrument gathered data on food and +ioad consumption, consumption pexditure,

food security, and so on.

The descriptive statistics (Table 2 in appendices) show that the data is composed of 12,992
households, with on average of 5 members in each. Amonf2tB82 households, 59 percent

(7,717) live in rural areas. Femaldsminate the household as heads since 82 percent of
household heads are female. On average, the data shows that the household heads are not old (42
years old). In addition to individudlgharacteristics, the dataset shows that the largest areas of

plot usad by the households are Yam (8 ha), followed by maize (3ha) and Rice (2ha).

For the purpose of this study, the analysis of the rainfall shock on agricultural productivity was

conducted sing households actively involved in agricultural activities dutingglast three years.

1. Covariate SeltReported Rainfall shock
Previous studies have used meteorological data, but as previously stated, this study relies

on covariate selfeported rairdll shock because it captures the impact of the shock on individual



households within regions, particularly when households do not have their plot located in the vicinity.
It also helps us to determine the vulnerability of a particular houseboid bffected. In the survey,

a household respondsY & s wh ¢ s expetencdd dhe rainfall shock and "No," when it has not
experienced any rainfall shock. This methodology allows us to make a clear distinction between the
affected and nowaffected. A bmnary variable representing the rainfall shock condition is then

eshblished, with "1" representing a negative rainfall shock and "0" otherwise.

2. Measuring Household Consumption Expenditure
Household consumption expenditure refers to the expenditureagddoay households on

food and noffood items to meet various neeamger aset period.

3. Per Capita Food and NonFood Consumption
Food consumption per capita shows the consumption of food items that individual
households consumed over a set of periods,itaisdobtained by dividing total household food
consumption by haeholdsize. In addition, the percentage to which the shock affects each
household member in the community will be reflected by the individual household member's
food consumption within failles. On the other hand, ndood consumption such as literacy,
sdhooling, entertainment, electricity, health care services etc. reflect the level of the household

living conditions in the rural area (Amare et al., 2018a).

4. Food Diversity

Food Diversity provides a wide overview of the food consumed by milfain a

community and it will be measured by the Shannon IRdex

10



EMPIRICAL STRATEGY

In this chapter, | will use an OLS model to show how reported radial rainfall affects rice,
maize and §m production and househdld we l f ar e . F effedsoft radialiainfalls t i ma t
onmaize, rice, and yam output through the production function during the three years prior to the
2018/2019 agricultural season at the plot level in rural Cote d'lvbaso account for some
demographic and socioeconomic fast that could affect output in this model. Secondly, |
regress the rainfall shock on food and +ioad consumption to see how much the shock affects
individual households f o o d -fomchcdnsmptiom. To minimize the effect of unobservable
traits acrosplots and households, | included a significant number of control variables in both

production and the household welfare model.

1. Agricultural Yields Model
| use a multiple regression model walgricultural output (rice yields, yam vyields, and
maize yietls) asdependent variables, sedported rainfall shock as independent variable, and
other control variables. The logarithm of the total quantity of rice, yam, and maize yield on all
household plots in kilogram (kg) is used for the three crops prodac{laRn.d) presented in

equation [)

5Index developing the capacity of richness and evenness of species within a community, taking zero as value
if there is no diversity. Meaning that zer®alue of the index shows only one specie in the community.

11



INPihd= of 1WShd+ 2hd+ sHLhdt d6 hE ()

where i represents the plot area; h represents each household within district; d represents district;
InP denotes théogarithm of agricultural output; RS represents the measureirdiliashock
reported by the households; PL represents the vector of the plot characteristics.

X represents the control variables added to capture plots that resist the rainfall shocknbette
other variables that could also influence the production

odrepra ent s t he di s tepréesentsthé errerdedn. ¢ f fect s ; ¢

Rice vyields for rice production, maize yields for maize production, and yam vyields for yam

production are the outcomes of interest. They are weighed in kilograms (kg).

2. The HouseholdWelfare Model
Households in the rural zones get affected when facing shocks (Luc et al., 2010) specially in
their main activities. The impact of these shocks often reverses the daily food afabdion
consumption. This is seen in the household welfareessgppnmodel where food and nefood
consumption per capita are measured against the rainfall shock. To estimate this impact, |
construct the following equation.
INWhd= of 1BShd+ 2hd+ d6 h& (1
where h represents household; d represents distWitmeasures the logarithm of the household
welfare; RS represents the measure of the rainfall shock reported by the households; X controls
for the unobservableariables that could affect the household consumption other than rainfall

s hocdkepreserdithed i s t r i ¢t f iixteedrroetérfi.e ct s and ¢

12



2.1Control variables
2.1.1 Household composition
The household composition is as follows:

The ageproportion of children aged {04] is obtained by dividing the number of chédr[0-14]
by the household size; males proportion aged34bis obtained by dividing the number of
males aged [139] by the household size; females proportion aged3p]5is obtained by
dividing the number of females aged {39] by the household sizeale proportion with the age
category of [4669] is obtained by dividing the number of males agedg4Pby household size;
female proportion with the age category of -Bd] is obtained by dividing the number of

females aged [489] by household size;

2.1.2 Household Head Characteristics
In the household head characteristics, | use the head as a dummy variable. Female equal
to“1T for f e“nDa loet hheerawdi,sokd head'stage arid éhe Bouskhold head's highest

level of education.

2.1.3 Heterogendty of Impact
Moylan (2008) and Vesco (2021), used an interaction term between rainfall shock and
the type of household or plot to assdke effect of a wather shock on different households
within the community. In this study there is no néadclude an interaction term between self
reported rainfall shock and the type of household or plot because in equations (1) and (ll) | used
covaiate reported raiml shock which directly captures individual household reporting shock

within the commurty

13



RESULTS

The results from the reported rainfall shocks on Rice, Yam, and Maize Yields, as well as
variables representing household wedfaare presented in thibapter.
| estimate equation (l) to see if the rainfall shock reported by householdsnhaspact on
agricultural production. The logarithm of rice, yam, and maize yields shows the percentage of

agricultural output each housetigiroduced during the 202819 agricultural season.

1. Rainfall shock, agricultural production
Equation (1) estimas the log of rice yields, maize yields, and yam vyields as dependent
variables and measured in kilograms; the reported rainfall shock dummnused as an
independent ariable with additional control variables to see how radial rainfall affects

agriculturalproductivity. Table 3: Regression Resttgricultural production

) (2) ®)

Yam Maize Rice
VARIABLES Yield Yield Yield
SelfRepoted
Rainfall shock -0.248** -0.039 -0.181*
(0.120) (0.106) (0.091)
Constant 7.369*** 5.306*** 4 .556%**
(0.931) (1.537) (0.804)

14



District Fixed Effect Yes Yes Yes

Controls Yes Yes Yes
Observations 1,021 808 1,143
R-squared 0.135 0.387 0.267

Robust standard s in parentheses

*k n<0.01, ** p<0.05, * p<0.1
The results in Table 3 pressts the regression of the sedported rainfall shock on the log of the
agricultural output in kilograms (Kg). The full Tabl® (in appendices) includes variables
representing the plot area, aggoological zones to control for the similarity in climatic
conditions, inputs such as pesticides, inorganic fertilizer, and labor forces, household
characteristics and the district fixefect. Table 3 shows a decline in gtity of the three crops

relative to the rainfall shocks. The production of yam is sicgmitly decreasing by 25 percent in

total quantity produced, Rice suffered an 18 percent decrease, and Maize a 4 percemst decreas

2. Rainfall shock, household welfare
| estimate equation (Il) to assess the effect of the radial rainfall on household
consunption. The log of per capita food and rfmod consumption, and per capita expenditure
on all commodities is used to interpreetamount of food and ngonod househa consumed or
spent on food and neimod by individual household within the community.elrbonsumption
expenditure per capita shows correlation between rainfall shock reported by households and their

consumption of fod items and nefood goods.

15



Table 4: Welfare Regression results

@) ) ©) 4

Per capita Per capita Per capita
Non- Food Food Consumption Shannon
VARIABLES Consumptior Consumption Expenditure Index
Reported Rainfall
Shock -0.080*** -0.019 -0.032** -0.020
(0.019) (0.018) (0.016) (0.012)
Constant 12.009*** 12.745%* 13.195** 0.433***
(0.094) (0.080) (0.076) (0.057)
Controls Yes Yes Yes Yes
District Fixed
Effect Yes Yes Yes Yes
Observations 12,992 12,992 12,992 12,640
R-squared 0.542 0.449 0.529 0.104

Robust standard errors in parentheses
*kk p<0_01, *k p<005, * p<01

The nonfood consumption per capita as well as the consumption expenditure per capita presented in
Table 4 show a significamiegative decrease of 8 percent andp&Zent respectively. In comparison

to the households that did not face ralh$hock during the previous three rainy seasons before the

survey, households that reported rainfall shock saw an 8.0 percent detfieie morfood

consumption of individuehousehold members. The interesting finding of this study is that rainfall

shockon houseHdss consumption of food it e ncouldimeanthatt s i gn
households whose agricultural productdetreases due to the rainfall shockestheir production

for seltconsumption and decrease Aiod consumptin. This could be seen in Table 4

presenting a decrease of 3.2 percent in household per capita consumption expenditure.

16



3. Robustness Check

Another option to examine the effeof rainfall shock is to use the meteorological
rainfall data from the sameepod coupled with the dataset to check if the main outcoime o
interest, the reported rainfall shock, behaved differently.

According to the study conducted by Amare (2018) usingegative rainfall of one
standard deviation below the mean in the wet seastVest African countries demonstrated the
potential impaa on household consumption due to the change in their agricultural productivity.
| then used two (2) standard deweats away from the mean rainfall as a negative rainfall
obtained from the cumative precipitation index calculated from a lel@gm mean p&od of
20062017. As a result, in Table 5, there is an 11.8, 7.4 and 1.6 percent decrease in the total
guantity of yam yields, rice yields, and maize yields. Compared to the results when elfing s
reported rainfall shock in table 3, | observe that thgmitade of the shock coefficient slightly
changes. This could be explained by the fact that the negative rainfak sised for the
robustness check is taken on the clustered population irathe district and the seléported

rainfall shock s r aesfromhan individual households report within the di

17



DISCUSSION AND CONCLUSIONS

The am of this study was to find the impact of radial rainfall reportgedhduseholds in
the EHCVM survey on agricultural production athe extent to which the shock has affected
their welfare in the rural Cote’dl voi r e . Thi s’ Isvtowidryd azednfsuswely Ofo t ¢ d
Household Living Conditions 20183019 data conductedylthe INS. The key finding is that
households that fully depemah rainfed agriculture for their livelihood spend 3.2 percent less on
their total consumption expenditure per capita (fand norfood consumption) and reduce their
nonfood consumption by Bercent while there is no change in their food consumption.

The interesting part of this study is that households without any other activity than farming could
severely undergo poor g conditions compared to those that are not affected. This caulld ire

the reduction of househofds a bi 1 i t y tdeen te schodl, andht@ subscrilie Hoi healthcare
which are basic human needs. If nothing is done their condition could cadiddecrease to the
point that children of households that facenfali shocks increase in farming works.

To mitigate this shockactions need to be taken by households by adopting new cropping
techniques and developing spatialized management toolarthatmed at optimizing the use of
surface and underground waterdptimize the management of irrigation techniques. Foremost,
there is a need to identify and make inventories of areas of farmland that have been adversely

affected by climate change anave become unsuitable for agricultural production especially

18



during dry seasons. With government support, farmersaldhuze equipped with water shooting
devices that could dispatch water in the farms. Also, workshops and training should be organized
to teach isotopic techniques that could enable farmers to accessatibn and strategies for

better water managementagriculture during droughts.

1. Limitation of this Study
For lack of data, an appropriate study on the methods of coping mechaoigchsiat
be done to develop proper techniques for households #haha@me exposed to weather shocks.
Also, because thergeamany factors that may be influential, some of which are not captured in
this work, it is difficult to precisely establish the exttéo which weather shock on agricultural

production impacts houseldg® wel fare in tlhwvelrereas of Cote

2. Recommandation for Future Work

There is an increasing controversy on Cote d'lvoire cocoa production due to the high

participation of childen in cocoa farms (Grootaert, 1998). The International Labor Crajgon

(ILO) is more concerned about the role of cheldrinvolved in farming activities in rural Cote

d I v (Nkamteu & Kielland, 2018). My results have shown that more householdsdlepen
rain-fed agriculture which leads to a decrease infoaa consimption. According to Grootaert
(1998), any drop in ladr force participation of adults is compensated by an increase in the
participation of younger household members in order to avéad an household incomes. This
could probably lead for further stied to show how radial rainfall affects children inalur

communities.
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Appendices

Tablel: Mean test of Dependent, Independent, Control Variables

Variables No Meanl Rainfall Mean2 MeanDiff
Rainfall Shock Shock

Household Size 11617 4,611 1375 5.491 -0.880***

Children 11617 1.128 1375 1.418 -0.2971%**

(6-14)

Adult 11617 2.410 1375 2.642 -0.232***

(15-64)

Female 11617 0.808 1375 0.911 -0.103***

Head

Age 11617 41.88 1375 43.23 -1.353%**

Level of educatior 11617 2.601 1375 1.925 0.676***

Highest 11617 0.778 1375 0.287 0.491***

certificate

Marital 11617 2.267 1375 2.368 -0.101***

status

Household 11617 0.0630 1375 0.0840 -0.021%**

Health

Household 11617 1.569 1375 1.807 -0.238***

residence

zones

Region 11617 15.37 1375 16.46 -1.093***

Input

Plot Area 1423 6.610 361 1236 -5.752

(Yam farm)

Plot Area 915 2.388 289 2.346 0.0420

(Maize farm)

Plot Area 1237 1.393 346 1.570 -0.177

(Rice Yan)
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Labor force
Family
(Yam farm)
Labor force
Family
(Maize farm)
Labor force
Family
(Rice farm)
Labor force
Non-family
(Yam farm)
Labor force
Norn-family
(Maize fam)
Labor force
Non-family
(Rice farm)
Pesticide
(Rice farm)
Pesticide
(Maize farm)
Pesticide
(Yam farm)
Inorganic
Fertilizer
(Rice farm)
Inorganic
Fertilizer
(Maize farm)
Inorganic
Fertilizer
(Yam farm)

Inorganic
Fertilizer
(Rice farm)
Rice Yields
Yam Yields
Maize Yidds

Food
consumption

Non-Food
Consumption

Shannon Index

1424

915

1237

1424

915

1237

1237

915

1424

1237

915

1424

6360

885

628

820

11617

11617

11275

0.870

0.898

0.871

0.58

0.471

0.559

0.740

0.730

0.195

0.271

0.459

0.00900

0.00400

978.8

1736

3059

12.18

12.35

0.678

361

289

346

361

289

346

346

289

361

346

289

361

1268

256

178

198

1375

1375

1365

0.934

0.986

0.925

0.604

0.540

0.523

0.740

0.792

0.213

0.292

0.453

0.0140

0.00300

929.7

1723

1532

11.87

12.15

0.616

-0.063**

-0.083*+*

-0.053**

-0.0160

-0.069*

0.0360

0

-0.062**

-0.0180

-0.0210

0.00600

-0.00500

0.00100

49.14

13.07

1526

0.308***

0.202*+*

0.061***
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Table 2: Summary Statistics for all Variables

Variade

Obs

Rainfall Shock 12,992

Household
Size

Children
(0-5)

Children
(6-14)

Adult
(15-64)

Female head

Household
age

Household
Educ. Level

Household

Highest
Certificate

Household
handicap

Household

12,992

12,992

12,992

12,992

12,992

12,992

12,992

12,992

12,992

Mean

.1058344

4.70426.

9659021

1.158405

2.434344

.8188116

42.02009

2.529326

1257543

.0649631

Std. dev.

3076373

2.997814

1.100937

1.400925

1.479493

.385189

1394396

2.162956

1.708579

2464701

27

Min

0.

1.

12

Max

32

13

22

102

10



Lieu of
Residence

Region

Plot Area
Yam Farm
Plot Area
Maize Farm

Plot Area
Rice Farm

Labor Force
Family
Rice Farm

Labor Force
Family
Maize Farm

Labor Force
Famiy
Yam Farm

Non-family
Labor Force
Yam Farm

Non-Family
Labor Force
Maize Farm

Non-Family
Labor Force
Rice Farm

Pesticide
Rice Farm

Pesticide
Maize Farm

Pesticide
Yam Farm

12,992

12,992

1,784

1,204

1,583

1,785

1,204

1,583

1,785

1,204

1,583

1,583

1,204

1,785

1.594058

15.48268

7.783331

2.386071

1.427865

.8823529

9210963

.8831333

.5983193

486711

.5552748

.739103

(458472

.2005602

4910923

10.14259

157.5443

2.797684

3.8244

4801521

.386282

4232345

.5823125

.5353562

.5374199

4392626

4365648

4005318

28

1.00e06

.00002!

.000025

33

500

40

100



Inorganic
Fertilizer
Rice Farm

Inorganic
Fertilizer
Maize Farm

Inorganic
Fertilizer
Yam Farm

Fertilizer
Spreader

1,583

1,204

1,785

7,628

2754264

4584718

.010084

.0039329

4468701

4984795

.0999397

.0625933
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Table 3 Regression Results Agricultur production

) 2 3)
Maize Rice

VARIABLES Yam Yield Yield Yield

Self-Repated

Rainfall shock -0.248** -0.039 -0.181*
(0.120) (0.106) (0.091)

Plot Characteristics

Plot Area -0.000 0.187*** 0.008
(0.000) (0.040) (0.012)

Non-family

Labor force 0.520** 0.138* 0.200***
(0.090) (0.084) (0.067)

Family

Labor force 0.053 0.120 0.096
(0.108) (0.107) (0.088)

Number of Workers

(15-64) 0.037 0.031 0.024
(0.054) (0.050) (0.039)

Input

Inorganic fertilizer -0.509 0.467*** 0.370%**
(0.585) (0.123) (0.091)

Pesticide 0.342***  0.351*** 0.357*+*
(0.131) (0.120) (0.087)

Agroecological

Zone -0.287* -0.065 0.156
(0.155) (0.292) (0.144)

Household

Size 0.043* 0.030 0.049%**
(0.025) (0.023) (0.017)

Manager Characteristics

(1 = Female)

Female Manager 0.325** 0.481+** 0.292*
(0.138) (0.175) (0.136)

Age -0.003 -0.005 -0.001
(0.004) (0.004) (0.003)

Education Level 0.046 -0.076** -0.013
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(0.040)
Milieu
Rural Area 0.233*
(0.132)
District Fixed Effects
BasSassandra -1.313*
(0.535)
Comoé -2.308***
(0.573)
Denguelé -1.911**
(0.867)
Goh-Djiboua -0.966*
(0.550)
Lacs -1.806**
(0.765)
Lagunes -1.268
(0.877)
Montagnes -2.635%**
(0.701)
SassandrdMaraloué -1.847%*
(0.647)
Savanes -1.121*
(0.605)
Vallée de Badama -1.452**
(0.707)
Woroba -0.901
(0.563)
Zanzan -1.389**
(0.555)
Constant 7.369***
(0.931)
Observations 1,021
R-squared 0.135

(0.038)

0.130
(0.135)

-0.472
(0.562)
-0.469
(0.756)
-0.582
(1.326)
-0.346
(0.477)
-0.564
(1.313)
-1.214*
(0.697)
-0.319
(1.016)
-0.677
(1.000)
-0.164
(0.764)
-0.516
(0.791)
-0.010
(0.759)
-0.939
(0.759)
5.306%**
(1.537)

808
0.387

(0.026

-0.102
(0.097)

-0.097
(0.408)
0.168

(0.400)

0.264
(0.278)
1.202*
(0.652)
0.423
(0.418)
-0.265
(0.496)
0.157
(0.511)
0.215
(0.403)
-0.214
(0.491)
0.370
(0.395)
-0.424
(0.712)
4,556+
(0.804)

1,143
0.267

Robust standard errors in parentheses
*** n<0.01, ** p<0.05, * p<0.1
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Talde 4: Welfare Regression results

(1) (2 (3) (4)
Per capita Per capita Per cpita
Non- Food Food Consumption Shamon
VARIABLES Consumption Consumption Expenditure Index
Reported Rainfall
Shock -0.080*** -0.019 -0.032** -0.020*
ol (0.019) (0.018) (0.016) (0.012)
Househo
Size -0.070*** -0.065*** -0.067*** -0.001
Child (0.003) (0.003) (0.003) (0.002)
% Children
(0-5) -0.906%** -0.727%** -0.809*** 0.078*
- (0.067) (0.061) (0.055) (0.044)
% Children
(6-14) -0.645%** -0.498*** -0.594*** 0.075*
(0.063) (0.057) (0.051) (0.042)
% Male
(15-39) 0.222%** 0.210%* 0.213*** 0.000
(0.062) (0.053) (0.050) (0.040)
% Female
(15-39) 0.198*** 0.039 0.097* 0.185***
(0.066) (0.058) (0.053) (0.041)
% Male
(40-59) 0.244** 0.248*** 0.238*** -0.022
| (0.067) (0.055) (0.052) (0.042)
% Female
(40-59) 0.0 -0.166*** -0.076 0.110**
| (0.070) (0.060) (0.057) (0.044)
Female
Head -0.069%** -0.128%*** -0.100%*** -0.037***
(0.021) (0.018) (0.017) (0.011)
Household
Marital status -0.030*** -0.030%*** -0.028*** -0.015%**
ol (0.006) (0.006) (0.005) (0.009
Househo
handicap 0.000 0.030 0.017 0.003
(0.024) (0.023) (0.021) (0.015)
Age 0.021*** 0.005* 0.013*** 0.007***
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(0.003) (0.003)

Levd of
Education 0.098*** 0.035***
(0.004) (0.003)
District Fixed
Effect
Abidjan 0.170*** 0.197***
(0.030) (0.026)
BasSassandra 0.066* 0.169***
(0.035) (0.033)
Comoé 0.593*** 0.432%**
(0.027) (0.022)
Denguelé 0.195*** 0.231%**
(0.039) (0.034)
Goh-Djiboua 0.057** 0.043*
(0.027) (0.025)
Lacs -0.054** 0.004
(0.024) (0.021)
Lagunes -0.101*** 0.052**
(0.029) (0.023)
Montagnes -0.159%** -0.139***
(0.025) (0.023)
Sassandra
Marahoué 0.052* 0.015
(0.027) (0.024)
Savanes 0.180%* -0.014
(0.026) (0.025)
Vallée du
Bandama 0.162*** 0.048*
(0.027) (0.025)
Woroba -0.040 -0.002
(0.027) (0.025)
Yamoussoukro 0.093*** 0.283***
(0.029) (0.025)
Constant 12.009*** 12.745%**
(0.094) (0.080)
Observations 12,992 12,992
R-squared 0.542 0.449

(0.003)

0.067%+
(0.003)

0.063**
(0.025)
0.111%*
(0.030)
0.341 %+
(0.021)

0.145%*
(0.032)

0.045**
(0.023)

-0.040%*
(0.019)

-0.130%
(0.022)

-0.128%
(0.021)

0.049*
(0.022)

0.067%+
(0.022)

0.079%+
(0.022)

-0.026
(0.023)

0.190%+
(0.023)

13.195%*
(0.076)

12,992
0.529

(0.002)

0.008%**
(0.0®)

0.083*
(0.019)
0.029
(0.022)
0.228%+*
(0.018)

0.175**
(0.026)

0.154%%
(0.018)

0.051 %+
(0.018)

0.188%+*
(0.017)

0.019
(0.018)

0.049**
(0.019)

-0.034*
(0.020)

0.051%*
(0.019)

0.011
(0.019)

0.149**
(0.019)

0.433%+
(0.057)

12,640
0.104

Robust standard errors in parentheses
#*% 1y <0.01, ** p<0.05, * p<0.1
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TaHe 5: Robustnhess Check

(1) 7)) (3
Rice Yam Maize
VARIABLES Yield Yield Yield
Negative
Rainfall
shock -0.016 -0.112%* -0.074
(0.088) (0.046) (0.057)
Observations 1,141 1,021 806
R-squared 0.260 0.129 0.382

Robust standard errors inrpatheses
¥* p<0.01, ** p<0.05, * p<0.1
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