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Abstract 

In this study we consider the impact of drought and increasing prices shocks on child weight-for-age. 

The analysis is conducted with a multi-shock approach to account for concomitance of adverse 

events from the natural, biological, economic and health sphere. We use a unique dataset of children 

reported leaving in poor rural households in eight regions of Senegal in 2009 and 2011. The analysis 

relies on pooled-cross sections and accounts for structural changes occurring between survey 

periods. Results of drought (increasing prices) difference-in-difference econometric analyses show 

deterioration in child weight-for-age reaching 55% (20%) of the weight-for-age standard deviation in 

2011. However, triple difference estimations accounting for drought and increasing prices 

concomitance show that weight-for-age for children experiencing both shocks is left unaffected. We 

argue that this last result is driven by the increase in rural household income and food security in the 

framework of the agricultural household model. 
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1 Introduction  

The proverb “Misfortunes never come singly” claims that adverse events are correlated and develop 

their full potential due to their joint occurrence. The proverb reminds us that natural, biological, 

economic and health shocks are often concomitant. Accounting for multiple shocks is especially 

relevant when studying the conditions of poor, shock-prone households in developing countries. 

Multiple shocks and their concomitance further affect the poor people’s welfare in terms of income, 

consumption and health. The existing literature mainly focuses on the effects of a single or limited 

set of shocks (Yilma et al., 2013), hence with this work we add to the academic discussion on the 

effects of natural and non-natural shocks adopting a multi-shock framework. 

It is difficult to detect the causal impact of adverse events. On the one hand, the likelihood of 

exposure to shocks may be correlated with unobservable characteristics at the household and 

individual level (Alderman et al., 2006). Timing and simultaneity of shocks may further increase 

vulnerability and exposure, worsening the effects of a single exogenous shock. On the other hand, 

households may adopt a variety of strategies in response to shocks (Heltberg et al., 2012; Murdoch, 

1995). There is ample evidence for ex-ante diversification strategies (Dercon, 1996; Rosenzweig and 

Udry, 2013) and ex-post behavior-, asset- and assistance-based coping mechanisms (Heltberg and 

Lund, 2009). Coping strategies may be specifically related to the nature of the shock while 

mitigating/exacerbating the initial shocks effects (Alderman et al., 2006). Then, especially in shock-

prone areas a multi-shock analysis is required to better understand both the size of the shock impact 

and the household’s ability to cope (Wagstaff and Lindelow, 2010). For one, the occurrence of 

multiple shocks at the same time may worsen household welfare more than a single shock analysis 

would predict. At the same time, heterogeneity in the type of shocks experienced by the household 

as a whole and heterogeneity in the role of individuals being particularly affected may be a source of 

differential net effects at the household and individual level.  

Most studies that measure household living standards and the effects of shocks on household 

welfare rely on consumption and income data. However these data have been found to be 

particularly sensitive to changes in the survey design across countries and over time. For example, 

Beegle et al. (2012) analyzed the possible sources of reporting error and revealed considerable 

differences in recorded consumption depending on method of data collection, respondent level, 

respondent level of education, length of the reference period and degree of detail in the commodity 

list. To address the shortcomings of consumption data, Carter and Maluccio (2003) suggest that 



child anthropometrics for below 5 year are a better measure for consumption smoothing due to the 

objectivity of the measurement procedure. Using child anthropometric data as measures of health 

status and household welfare in the context of hazardous events has further advantages. First, 

children are some of the most vulnerable individuals in poor households in developing countries 

(Bengtsson, 2010; Hoddinott and Kinsey, 2001; Martorell, 1999). Second, getting exact indicators for 

child nutritional status is less challenging than getting similar measures for adults. Indeed, when 

assessing the wellbeing of adults, one needs to jointly account for consumption, productivity and 

income to allow for the possibility that in times of distresses households allocate scarce resources to 

adults with a higher marginal product of health and better wages (Dercon and Krishnan, 2000). 

Third, low child growth affects individual health and working performance in adulthood 

emphasizing the relevance of short-term analyses also in a long-term perspective (Hoddinott and 

Kinsey, 2001; Maccini and Yang, 2008).Therefore, we focus on child weight-for-age to capture 

wellbeing.  

Recent works use natural experiments generated by macroeconomic crises (Block et al., 2004; 

Paxson and Schady, 2005; Pongou et al., 2006), specific natural disasters (Hoddinott and Kinsey, 

2001; del Ninno and Lundberg, 2005; Yamano et al., 2005) or commodity price changes (de Braw, 

2011; Cogneau and Jedwab, 2012). We add on this literature analyzing the effects of a short-term 

drought and increase in purchasing prices in rural Senegal conducting a multi-shock analysis 

accounting for the occurrence of other natural hazards, biological, economic and health shocks on 

child anthropometric characteristics. A unique dataset of children living in poor households in rural 

Senegal is employed. The two rounds of the dataset were implemented in 2009 and in 2011 after the 

second international food price spike (February 2011). The dataset is particularly suitable to conduct 

a multi-shock analysis since it contains a very rich shock module for vulnerable rural households. 

Since only few children have repeated observations across survey years we conduct pooled cross-

section analysis accounting for village-year fixed effects. After a basic partial shock analysis we 

consider the effects of two major adverse events (an increase in purchasing prices and droughts) on 

child weight-for-age while accounting for other natural, biological, economic and health shocks 

experienced by the children’s households. Since major changes occurred in between the survey 

rounds we use a difference-in-difference estimator accounting for the 2011 structural improvements. 

Finally we consider the combined effects of the increase in purchasing prices and droughts shocks, 

while controlling for all other adverse events experienced by the households. First, we show that 



controlling for more than one shock helps to better quantify the effect of the different adverse 

events. Second, we show that the fundamental changes in 2011 seem not enough to insure child 

health if the respective household experienced higher purchasing prices or a drought. However, if 

the household experience both shocks the net effect in 2011 is not significant. We argue that 

concomitance of the two major shocks considered would have protected child health and household 

food security through income effects for rural households. 

The remainder of the paper is structured as follows. Section 2 describes the conceptual 

framework. Section 3 presents background and data while section 4 outline the empirical strategy 

and model specifications. Section 5 reports the results and Section 6 concludes. 

 

2 Conceptual framework 

2.1 Theory 

Theoretically, we base the analysis on an intertemporal utility model with income uncertainty 

(Deaton, 1992; Townsend, 1994; Sadoulet and de Janvry, 1995). Risk aversion is assumed and an 

intertemporal household utility function over consumption is defined. At each point in time the 

realized utility level is unsecure as idiosyncratic economic, natural, biological, or health shock can 

occur and reduce consumption. Imposing the standard resource and feasibility constraints it can be 

shown that transitory idiosyncratic shocks do not reduce consumption if risk sharing is possible. 

Thus, consumption is smoothed and follows permanent income. However, it has been shown by 

Townsend (1994) that consumption smoothing and thus risk sharing is not perfect within villages. 

Whenever household consumption is influenced by contemporaneous own income and transitory 

shocks, households are not fully able to insure against risk and bear (some of) the consequences of 

idiosyncratic shocks, which results in variations in the instantaneous utility. As described by the 

theoretical model in Chapter 3, shocks affect household income and thus consumption. Instead of 

focusing on direct measures of consumption we take the more accurate measure of child health. 

Thus, we follow the approach by Thomas (1994) in that we consider health as input to the utility 

function.  

We concentrate on two major events: droughts (natural hazard) and an increase in purchasing 

prices (economic shock) while considering their concomitance with other natural, biological, 

economic and health shocks. The pathways through which multiple shocks can affect child health 



are several. 

First, if household food security is not well insured and households are net buyers of food, an 

increase in (produced and imported) food prices may be a large income and health shock to 

household members. This is particularly true in Senegal where 20% of the population is 

undernourished; almost 30% of the population does not have adequate access to food and food 

imports account for more than 50% of the total merchandise exports (FAO, 2013). If food becomes 

more expensive and credit constraints are binding, households may be unable to provide the 

necessary food intake to children. Child health may remain unaffected if households have enough 

assets/savings to cope with the food price increases. Similar effects could stem from other economic 

shocks such as a decline in selling prices and the loss of employment of an adult member.  

Second, natural disasters may affect household welfare and child health through their impact on 

agriculture, food security and health (IPCC, 2012). Droughts, floods and extreme cold or warm days 

are likely to affect agriculture and rangeland productivity while potentially triggering losses of lives 

and infrastructures (IPCC, 2001). In contexts relying on subsistence agriculture, household food 

security may potentially be affected and this may indirectly worsen individual health outcomes 

depending on the intra-household allocation of resources (Thomas, 1990).  

Third, indirect effects on agricultural productivity and health outcomes may also come from 

the development of vector/water/food-borne diseases (biological shocks). Natural hazards may 

provide particular conditions that allow pathogens already existing in the environment to develop 

and spread or make their life longer than their usual historic range, thus increasing the likelihood of 

biological hazards such as crop pests and livestock diseases (Anderson et al., 2004: 540; Piao et al., 

2010). This applies to parasites affecting human beings as well: vector-borne diseases sensitive to 

weather changes such as the mosquitoes responsible of malaria and yellow fever, and diarrhea and 

other infectious diseases may increase due to the prolonged range and activity of pathogens (Haines 

et al., 2006: 2104). Hence, individuals may be affected in different ways by changes in illnesses and 

death rates as well as injuries and psychological disorders (health shocks) following complex extreme 

events such as floods, droughts and heat/cold waves (McMichael and Haines, 1997).  

Finally, note that depending on the context, wetter/drier and/or warmer/colder weather may 

result also in positive effects on household welfare (see for example the work of Hsiang et al. (2013) 

suggesting that lower temperatures may help to reduce intergroup conflict risk). Moreover, certain 

adverse events may result in positive effects through resources redistribution in the household. For 



example, the migration of an unemployed member and/or the death of an unproductive member 

may allow resources previously allocated to that member to be redistributed to the remaining 

members. Depending on the additional income from the migrated member, pre-death medical 

expenses or funeral costs, and the earning ability of the dead member, household food security and 

welfare may improve (de Braw, 2011; Grimm, 2010).  

In light of this discussion, analyzing the impact of shocks as stand alone events may provide 

an unclear and incomplete picture of what is occurring to household welfare in shocks-prone areas 

due to concomitance of shocks. A multi-shock analysis seems to be better suited to explore the 

effects of shocks on child health outcomes.  

2.2 Child health outcomes and shocks: empirical literature 

According to the World Health Organization - WHO2 major differences in the growth of infants 

and children are largely based on environmental characteristics rather than ethnic differences. 

Following the meta-analysis of Charmarbagwala et al. (2004) determinants of child growth can be 

classified into three categories:  

 Biological or child-specific characteristics as sex, age, birth order, genotype characteristics; 

 Socio-economic status (SES) or household characteristics such as demographic composition 

of the household, level of education of the mother, household wealth status. 

 Environmental quality and cultural factors or community characteristics, accounting for 

environmental risks depending for example on the availability of clean drinking water and 

hazardousness of the locality where the household lives, and quality in the services provided 

to the households. 

The 35 studies considered for the meta-analysis constitute a sub-sample of studies focusing on 

height-for-age as indicator for long-term chronic malnutrition. Of a total of 61 studies 

                                                 
2 WHO standardized measures to assess child growth status are weight-for-age, height-for-age and weight-for-age in 
comparison to the reference population in terms of Z-scores or standard deviation scores. Z-scores are calculated as the 
difference between the observed value and the median value of the reference population over the standard deviation 
value of the reference population. Z-scores refer to the reference mean or median value in terms of number of standard 
deviations, hence their summary statistics can be interpreted as descriptors of the population analyzed. Moreover, Z-
scores are comparable across age groups, indicators and sex groups since the statistical relation to the reference 
population distribution is the same at all ages while z-scores do not depend on sex of the child (Onis and Blössner, 1997: 
49). The child z-scores cut-off values used by WHO are: below -2 (above +2) standard deviations for low (high) 
indicators and below -3 (above +3) standard deviations for severe undernutrition (overweight). As the lack of evidence 
of wasting or thinness (captured by weight-for-height) is not a perfect signal of lack of nutritional problems, I will focus 
on weight for age.  



Charmarbagwala et al. have collected, only seven explicitly account for variations in the prices of 

staples --a possible economic shock indicator in the recent literature (Barrera, 1990; Carter and 

Maluccio, 2003; Christiaensen and Alderman, 2003; Mackinnon, 1995; Marini and Gragnolati, 2003; 

Senauer and Garcia, 1991; Thomas et al., 1996)-- as possible determinants of child anthropometric 

characteristics, while only two explicitly include natural hazards (Bairagi, 1986; Quisumbing, 2003). 3 

In the mid-2000s the academic interest about the impact of shocks on child health emerges and start 

to develop fast. 

Studies on the effects of economic shocks on child health focus on aggregate income shocks. In 

general domestic economic crises in developing countries are found to have negative effects on child 

health outcomes (Ferreira and Schady, 2009). However, the effect would depend on village social 

capital or government/donors expenditures in health and services (Carter and Maluccio, 2003; 

Paxson and Schady, 2006). Recent studies focus on the effect of a change in commodity prices 

showing mixed procyclical or countercyclical child health variations. For example, Cogneau and 

Jedwab (2013) find that the 1990 cut of the administered cocoa producer price in Côte d’Ivoire 

reduced child health through a decrease in household income while Miller and Urdinola (2010) on 

coffee prices in Colombia show countercyclical child mortality. We add on the literature on 

economic shocks concentrating on the effects of an increase in purchasing prices in rural Senegal. 

Moreover, we acknowledge that concomitance of economic and other shocks categories may 

exacerbate the effects on child health. 

Bengsston (2010) points out that recent studies on shocks and child health outcomes focus on 

specific natural disasters (mainly droughts and floods) using them as proxies for income reduction to 

identify failures in consumption smoothing in response to the identified natural hazards. For 

example, del Ninno and Lundberg (2005) showed that Bangladeshi children who experienced the big 

1998 flood could not recover during the survey period although at the household level there seemed 

to be successful consumption smoothing. Similarly, Hoddinott and Kinsey (2001) and Yamano et al. 

(2005) showed a decrease in child growth for the children that experienced drought in Zimbabwe 

and Ethiopia while Baez and Santos (2007) found higher child vulnerability in the aftermath of 

                                                 
3 Moreover, besides the inclusion of shock variables, some studies on the determinants of child nutritional status 
published in the period covered by the meta-analysis of Charmarbagwala et al. (2004) were not included (for example, 
Deolalikar, 1996). A possible reason could be in the search strategy as highlighted in Chapter 2 or in some 
inclusion/exclusion criteria not explicitly mentioned in the paper. 



hurricane Mitch.4 To make the economic magnitude of natural shocks more explicit Bengsston 

(2010) conducted a two-step estimation in which rainfall variations are used as instrument for 

income in the assessment of child weight responses to transitory income fluctuations. Furthermore, 

Bengsston (2010) and Skoufias and Vinha (2012) suggest additional negative effects on child 

outcomes from biological/health events such as malaria or communicable disease spreading but fall 

short to explicitly account for these events. Hence, we attempt to consider also these aspects. 

Works on health shocks tend to focus on the effects of illnesses and mortality on income, 

consumption and child schooling. After a review of the literature Grimm (2010) argues that 

households cope fairly well with illness shocks while the evidence in case of mortality is not clear. In 

Indonesia Grimm finds that mortality does not significantly affect household welfare but this would 

depend on age and gender of the dead member. When a child or old member die, death costs would 

be compensated by the increase in available resources in the household, while adult mortality would 

trigger more costs and the need to resort to coping strategies. The literature on mortality and child 

schooling is quite prolific but constrained by data availability to cross-sectional studies (Case et al., 

2004; Ainsworth and Filmer, 2002) except for Senne (2013) providing difference in difference 

pooled cross sections evidence that both in the short and long run adult mortality negatively affect 

child education. Studies on the relationship between mortality shocks and child health are fewer and 

focused on long-term effects showing negative effects of parental mortality on child mortality or 

height-for-age (Ainsworth and Semali, 2010; Kadiyala et al., 2009). We add also on this literature 

focusing on short-term effects and stressing the linkages between shocks, food security and child 

weight-for-age. Focusing on the short-term is useful because it allows better highlighting of the main 

channels through which shocks affect households and/or child welfare, while also testing the 

effectiveness of prevention and mitigation measures already put in place in the context analyzed. 

3 Background and data 

3.1 Country background 

Senegal is a Sahelian country in West Africa classified by the World Bank as a low-income nation. 

Per capita GDP has been increasing during the years from USD 662 in the early 1990s to USD 796 

                                                 
4 Interestingly, Yamauchi et al. (2009) and del Ninno and Lundberg (2005) show that ex-ante human capital production 
and government programs for building resilience were able to partially mitigate the adverse effects of natural disasters on 
child health allowing for a better recovery as compared to the case of ex-post coping measures. 



in the period 2010-12 but real GDP growth has slowed down since 2006 (World Bank, 2013). 

Senegal ranks 155th out of 187 countries for the Human Development Index, with a poverty 

headcount ratio at 2$ per day of 46.7%. Poverty differs considerably between rural and urban 

households: the poverty headcount ratio is more than 20% higher for rural households (57 against 

33%) and the poverty gap index5 suggests that poverty is more pronounced in rural areas. Similarly, 

food insecurity is a major concern: 20% of the population is undernourished while almost 30% of 

the population does not have adequate access to food (FAO, 2013).  

Table 1 Per capita GDP level (constant 2005 USD) and growth, and value added per sector (% GDP). 

 1990-1994 1995-1999 2000-2004 2005-2009 2010-2012 

GDP per capita (constant 2005 UDS) 661.74 663.41 719.88 781.29 796.45 

GDP growth (%) 0.88 4.55 4.20 3.76 3.49 

Agriculture - value added (% GDP) 19.68 19.81 17.32 15.52 16.12 
Industry - value added (% GDP) 23.22 23.75 24.49 22.86 23.05 
Services- value added (% GDP) 57.10 56.44 58.76 61.64 62.94 

Source: World Bank (2013). 

 

Table 2 Urban/rural poverty in Senegal. 

 2000-2004 2005-2009 2010-2012 

Population (million) 10.40 11.92 13.35 
Rural 59.34 58.43 57.44 
Urban 40.66 41.57 42.56 

Poverty headcount ratio at national poverty line (%) 55.20 48.30 46.70 

Poverty headcount ratio at rural poverty line (%) 65.10 58.80 57.10 
Poverty headcount ratio at urban poverty line (%) 41.20 33.60 33.10 

Poverty gap at national poverty line (%) 17.20 15.40 14.50 

Poverty gap at rural poverty line (%) 21.20 20.20 18.60 
Poverty gap at urban poverty line (%) 11.70 8.80 9.20 

Source: World Bank (2013).  

 

  

                                                 
5 The poverty gap index considers how far the poor are on average from the poverty line. 



Table 3 Food security and malnutrition in Senegal. 

 2000-2004 2005-2009 2010-2012 

Domestic food price level index 2.06 2.05 2.03 
Domestic food price volatility index (SD) 24.66 12.38 32.97 
Value of food imports in total merchandise exports 54.20 63.00 n.a. 

Prevalence of undernourishment 23.67 16.93 20.40 

Prevalence of food inadequacy 32.20 24.10 28.10 

Prevalence of wasting (% children under 5) 10.00 8.70 9.80 
Prevalence of stunting (% children under 5) 29.50 20.10 28.70 
Prevalence of underweight (% children under 5) 20.30 14.50 19.20 

Source: FAO (2013). 

Note: The domestic food price level index is calculated as the ratio between the food purchasing 
power parity and the general purchasing power parity. The domestic food price volatility index is the 
standard deviation (SD) of the deviations of domestic food price level index from the trend over 
previous five years. 

 

 

Starting from 2002 the government of Senegal has been running a large-scale nutrition 

program (Nutrition Enhancement Program - Programme de Renforcement Nutritionnel, or NEP) 

to precisely tackle the problem of child malnutrition. The program has multisectoral interventions 

towards nutrition improvement and the World Bank has renewed funding for the program until 

2014. The first phase of the program was between 2002 and 2006 mainly in the urban areas, not 

covered by the survey used for the analysis. The second phase took place between 2007 and 2011 

extending interventions to rural areas where malnutrition was particularly high (Natalicchio, 2011). 

The 2011 assessment of the program states that the in 2006 it was covering 12% of children in rural 

areas while in 2011 the coverage surpassed 50% (Mulder-Sibanda, 2011). Unfortunately the 

questionnaire does not report information on household enrollment in NEP. Besides, since 2008 the 

Government of Senegal has been adopting several measures to improve rural households food 

security after the 2008 price increases to reduce household vulnerability to shocks. After setting up 

price controls, subsidies and rice (the major staple) redistribution in April-May 2008, the 

government started the Grand Agricultural Offensive for Food and Abundance (GOANA) to foster 

agricultural production and productivity. However, according to the World Food Programme – 

WFP (2013) the prevalence of both stunting and undernourishment among children below 5 years 

has worsened between 2005 and 2010 following a combination of food prices fluctuations and 

natural disasters.  

Adding on the food insecurity burden, the year 2011 started with a surge in the price of 

domestic and international food products. The government promptly responded setting ceilings for 

the price of certain food products such as produced and imported rice, sugar and milk (FAO, 2013). 



Figure 1 shows the evolution of consumer prices in between the survey years. The increase in the 

domestic and international food prices in 2008 constituted a major shock to Senegalese households 

but the good 2008/2009 harvests helped to reduce household vulnerability by reducing the share of 

imported food (République du Sénégal, 2010). The series have since 2008 been rescaled accordingly. 

After the peak in June 2008, food prices rapidly declined reaching pre-crisis levels when the firs 

survey round was taking place. However, starting from June 2009 food prices began again to 

increase peaking at the end of 2010- beginning 2011 and fairly stabilizing at a new high level 

throughout the first half of 2011. Given these evolutions between 2009 and 2011 we expect 

households that directly experienced the 2011 food price increase to be more food insecure than 

households not exposed to the food price increase. Similarly, children leaving in households directly 

affected by the 2011 price increase are expected to present worse health conditions.  

Figure 1 Harmonized consumer price index (food products) in Senegal 2009-2011 (base year: 2008). 

Source: Agence Nationale de la Statistique et de la Démographie (AGNSD, 2013) and author’s elaborations. 

Note: The FAO food price index is calculated as the average of meat, dairy, cereals, oil and sugar price indices 
weighted with the average export shares of each of the groups for 2002-2004. 

 

Moreover, Senegal is also prone to natural hazards. Rough estimates of the disaster profile of 

Senegal drawn from EM-DAT (2013) are presented in Table 4 and show that droughts and floods 

are the phenomena that mostly have affected the Senegalese population while epidemics are the 

phenomenon with the highest reported deaths. By disaster type droughts account in the last decade 
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for more than 50% of people reported affected (EM-DAT, 2012). Hence we expect households that 

experienced both price and drought shocks to be more affected than households that did not 

experience either one or both the economic and natural adverse events. 

Table 4 Top five natural and health disasters reported from 2004 to 2013. 

Top 5 Disaster Date Affected 

Affected people  
(no. of people) 

Drought 2011 850,000 
Flood 2009 264,000 
Flood 2010 80,391 
Flood 2012 57,000 
Flood 2005 50,000 

Killed people  
(no. of people) 

Epidemic 2005 303 
Flood 2012 19 

Epidemic 2007 16 
Flood 2007 8 

Epidemic 2004 6 

Economic damages (US$ x 1,000) Flood 2012 10,000 

Source: EM-DAT (2012). 

 

 

 

3.2 Data 

Child health information is provided by a household survey carried out in eight regions of Senegal.6 

The survey was part of the program evaluation of a rural electrification initiative by the UNDP 

known as multifunctional platform. Two rounds of data are included: the baseline survey was 

conducted between April and July 2009 and the follow-up survey between April and June 2011, after 

the international food prices peak recorded in February 2011. Randomization of the households 

occurred at village level based on the lack of access to energy. Hence the sample is representative for 

rural Senegal in eight of 14 regions, in which income is most prevalently generated from subsistence 

agriculture.  

The analysis is restricted to children who were between 12 and 60 months and for whom 

anthropometric data are available. After excluding cases with z-scores beyond the [-4, +4] range, a 

total of 1490 and 1981 children are recorded in 2009 and 2011 respectively. As the primary sampling 

units are households, we observe attrition at the individual child level. But no systematic difference 

                                                 
6 The regions are Diourbel, Fatick, Kaolack, Kedougou, Kolda, Louga, Tambacounda, and Thies according to the 2009 

regional subdivision. 



is found when comparing the characteristics of the children with available anthropometric data with 

those of the children without anthropometric data. 7 

The shock module 

Table 5 presents the shocks considered in the shock module of the survey with the number of 

observations that reported having experienced an adverse event in the current year (dummy variable 

= 1, zero if the shock was not experienced). Hence we are considering shocks occurred in the period 

January-April 2009 and 2011. In line with the analysis in the previous sections, an increase in 

purchasing prices is the adverse events that have mostly affected rural households in Senegal. 

Economic shocks are followed by biological shocks; 21% (25%) of the households report livestock 

disease in 2009 (2011). Natural hazards are reported by about 15% of the households in both 

rounds. Across shock categories we observe that significantly more adverse events are reported in 

2011. 8 

Table 5 Shocks in the survey area 2009-2011. 

 2009  2011  

Shocks Mean St.Dev  Mean St.Dev. Difference 

Economic shocks 0.51 0.65  0.82 0.52  
Increase in purchasing prices 0.42 0.49  0.75 0.43 -0.33*** 
Decline in selling prices 0.08 0.28  0.00 0.00  0.08 
Loss of employment 0.01 0.10  0.07 0.25 -0.05*** 

Natural hazard 0.13 0.36  0.16 0.40  
Drought 0.02 0.16  0.06 0.23 -0.03*** 
Flood 0.01 0.09  0.02 0.14 -0.01*** 
Cold wave 0.04 0.20  0.01 0.09  0.03 
Bush fire 0.05 0.23  0.07 0.26 -0.02*** 

Biological hazard 0.25 0.49  0.29 0.49  
Crop pest/insects invasion 0.04 0.20  0.04 0.19  0.00 
Livestock disease 0.21 0.40  0.25 0.43 -0.04*** 

Health shocks 0.10 0.33  0.29 0.49  
Epidemics 0.06 0.23  0.23 0.42 -0.17*** 
Death of a member 0.04 0.20  0.05 0.23 -0.01*** 

N. households  1,490   1,981  

Source: Author’s elaborations. 

Note: *** stands for p-value<0.01. Difference in shock incidence is in bold when incidence is significantly higher 
in 2011. 

                                                 
7 Children without weight-for-age data were 1,732 in 2009 and 1,314 in 2011. Mean tests on observables did not suggest 
systematic differences between children with and without weight-for-age z-score. A detailed table with group 
comparison on observables is available upon request. Children with repeated observations were only 581 with some loss 
of representativeness, hence I preferred to use pooled cross-sections. 
8 External validity of the survey shock data is confirmed by the descriptive statistics of the household survey in rural 
Senegal presented by the World Food Programme in 2010 (République du Senegal, 2010). 



 

 

The extent of interdependencies between different shock categories is presented in Tables 6 

and 7 for the two survey years. Notably, in 2009 droughts seem to be positively and significantly 

correlated with the occurrence of crop pests, loss of employment and increasing purchasing prices. 

Similarly, floods are correlated with livestock diseases and price variations. Increasing purchasing 

prices are also positively correlated with the occurrence of an extreme cold period and bush fire.  

Pairwise correlations slightly differ in 2011. In particular, except for extreme cold and fire 

natural shocks are not significantly correlated with increase in purchasing prices in 2011, while loss 

of employment seems positively and significantly correlated to the occurrence of all other shocks 

except bush fire. 



 

Table 6 Correlation between different shocks for the 2009 survey.  

Shock type (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

Natural 

(1) Drought 1           

(2) Flood  0.037 1          

(3) Extreme cold  0.032 -0.018 1         

(4) Fire   0.000  0.049  0.055* 1        

Biological 
(5) Livestock disease  -0.028  0.111* 0.018  0.165 1       

(6) Crop pest  0.099* -0.018   0.094*  0.103* 0.022 1      

Health 
(7) Epidemics -0.033 -0.018  0.161*  0.026  0.070*  0.010 1     

(8) Death of a member  0.052* -0.021 -0.009  0.017  0.128*  0.022 0.122* 1    

Economic 

(9) Loss of employment  0.109* -0.009  0.044 -0.025 -0.037 -0.021 0.011  0.002 1   

(10) Decline in selling prices  0.092*  0.200* -0.014  0.132* -0.017  0.074* -0.062* -0.003  0.086* 1  

(11) Increase in purchasing prices   0.152*  0.101*  0.135*  0.122*  0.144*  0.095* 0.077* -0.039  0.069*  0.285* 1 

Source: Author’s elaborations. 

Note: * stands for level of significance greater or equal to 0.05. 

 

Table 7 Correlation between different shocks for the 2011 survey.  

Shock type (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

Natural 

(1) Drought 1           

(2) Flood -0.004 1          

(3) Extreme cold  0.117*  0.027 1         

(4) Fire -0.046*  0.100* -0.026 1        

Biological 
(5) Livestock disease   0.010 -0.013  0.035  0.080* 1       

(6) Crop pest  0.180* -0.027  0.098*  0.026  0.079* 1      

Health 
(7) Epidemics  0.074* -0.033  0.196*  0.000  0.048*  0.060* 1     

(8) Death of a member  0.026  0.010  0.014 -0.038  0.189*  0.032  0.064* 1    

Economic 

(9) Loss of employment   0.231*  0.187*  0.330* -0.020  0.103*  0.372*  0.181*  0.126* 1   

(10) Decline in selling prices . . . . . . . . . .  

(11) Increase in purchasing prices   0.017  0.011  0.053*  0.082*  0.126*  0.087* -0.004  0.150*  0.136* . 1 

Source: Author’s elaborations. 

Note: * stands for level of significance greater or equal to 0.05. 

 



Sample descriptive statistics 

Table 8 presents the descriptive statistics of the children in the dataset for which anthropometric 

data are available. The sample is gender balanced. In 2009 on average the children are 29 months old 

and show 1.10 level of underweight. We use the 2006 growth standards for attained weight by the 

World Health Organization (WHO & UNICEF, 2009). The indicator of child health is a 

standardized measure relative to an international reference population and is expressed in terms of 

standard deviations (Z-scores). First of all we observe that weight-for-age improves over time in the 

sample at hand. As aforementioned, this could be due to the national child nutrition program. 

Moreover, some changes occurring in between the survey rounds hint to a gradual structural change 

in household socio-economic conditions.  

Children’s households have on average 13 to 15 members; about 25% of the members are 

children below 5 years in both rounds. In 2011 less children leave in households without being 

assisted by their mothers, while mother’s literacy has increased between rounds. Wealth and 

connectedness also improved. On average households own more poultry, mobile phones and radios. 

These changes may account for positive effects on child health. The presence of the mother is likely 

to increase the attention towards the health needs of the child both at the child level and at the 

household level, while maternal literacy (and education) may account for higher abilities in 

processing health and nutrition information (Christiaensen and Alderman, 2004; Glewwe, 1999). 

The combined effect of increasing maternal education and connectedness would also have positive 

effects on child health by increasing the access to available nutrition information (Glewwe, 1999; 

Thomas et al., 1991) and information risk management mechanisms in case of shocks. 

  



Table 8 Descriptive statistics of selected control variables for rural households in Senegal. 

 2009  2011   

Variable Mean St. Dev  Mean St. Dev  Difference 

Weight-for-age (WAZ) -1.101 1.426  -0.401 1.640  - 0.700*** 

Sex 0.464 0.499  0.498 0.500  - 0.034 
Age (months) 29 12.433  34 14.766  - 5.272** 
Missing date of birth (=1) 0.811 0.392  0.798 0.402   0.013 
Age Head HH 52 14.544  54 15.332  -1.537*** 
Sex Head HH

a
 (Female=1) 0.023 0.152  0.025 0.155  -0.001 

Mother is out of the household (=1) 0.050 0.219  0.036 0.187   0.014** 
Age Mother 29 7.442  30 7.361  -0.868*** 
Mother can read and write (=1) 0.155 0.362  0.177 0.382  -0.022* 
Mother is head of household (=1) 0.005 0.068  0.004 0.063   0.001 
Mother is wife of the head HH (=1) 0.520 0.500  0.475 0.499   0.046* 
Mother is daughter of head HH (=1) 0.038 0.190  0.041 0.199  -0.004 
Mother is not a relative 0.027 0.162  0.016 0.126   0.011** 
Household size 14 6.360  16 7.180  -1.520*** 
Share of children <5 in household 0.254 0.104  0.241 0.100   0.013*** 
Poultry 0.568 0.495  0.671 0.470  -0.102*** 
Livestock 0.942 0.235  0.953 0.213  -0.011 
Water        

(1) own tap 0.212 0.408  0.236 0.425  -0.024* 
(2) public tap 0.273 0.446  0.246 0.431   0.027* 
(3) protected well 0.091 0.287  0.039 0.195   0.051*** 
(4) neighbor tap 0.011 0.106  0.012 0.109  -0.001 
(5) non-protected well 0.293 0.455  0.334 0.472  -0.042* 
(6) hole 0.072 0.259  0.117 0.321  -0.044*** 
(7) other 0.048 0.215  0.016 0.126   0.032*** 

Toilet        
(1) none or external 0.211 0.408  0.164 0.370   0.047*** 
(2) water sewer 0.009 0.097  0.004 0.059   0.006** 
(3) septic tank 0.031 0.173  0.089 0.285  -0.058*** 
(4) covered latrine 0.377 0.485  0.296 0.457   0.081*** 
(5) uncovered latrine 0.283 0.450  0.235 0.425   0.046** 
(6) other 0.089 0.284  0.212 0.408   

Own Mobile (=1) 0.671 0.470  0.884 0.320  -0.213*** 
Own radio (=1) 0.739 0.439  0.814 0.389  -0.075*** 
N. parcels cultivated 3.023 1.651  3.071 1.444  -0.048 
Size of land cultivated (Ha) 6.762 6.093  5.754 4.815   1.008*** 

Food (in)security (weeks of food scarcity) 6.384 6.012  4.016 4.816   2.368*** 

N  1,490   1,981   

Source: Author’s elaborations.  

Note: * stands for p-value < 0.10 , ** stands for p-value < 0.05 , *** stands for p-value < 0.01. 

 

The last row of Table 8 reports a household food insecurity indicator for the households in 

which the children reside: food insecurity is measured as the number of weeks of food scarcity 

(stocks of cereals are exhausted) at the time of interview. On average in 2009 children were reported 

leaving in a household where the stock of cereals (and/or rice) had been exhausted for six weeks 

while in 2011 the weeks of food scarcity decreased by one third. Thus households in 2011 appear to 

be less food insecure in 2011. Note that seasonal effects are minimized since both the surveys were 

conducted during the same agricultural season.  



The econometric model employed in the multivariate analysis is introduced in the next section. 

Before, in Table 9 we present non-parametric difference-in-difference (DD) estimates on the 2009 

and 2011 cross sections of children with available weight-for-age and food (in)security data by year 

and child increasing price and drought shocks experience. Note that children reported leaving in 

households that experienced the two shocks in 2009 have lower weight-for-age than the non-shock 

children, although household food security is higher in the latter case. This could be explained by 

possible income effects for net producer households or household preferences for child health in 

times of distresses. Despite the structural change in place between rounds, possible income effects 

and household preferences, child weight-for-age in 2011 is lower for children leaving in households 

that experienced an increase in purchasing prices (or a drought), the difference in difference estimate 

also supporting negative shocks effects on child weight-for-age. Importantly the drought DD 

estimate is most significant and accounting for 76% of the weight-for-age standard deviation in 

2011. By contrast, both increasing purchasing prices and drought shocks seem to worsen food 

security in 2009, accounting for an increase in the number of weeks since the household exhausted 

its cereals stocks. In 2011 food security seems rather unaffected by price and drought shocks and the 

DD estimate seems to confirm the prevalence of a structural improvement of food security between 

rounds. However, these results do not consider the three classes of child health determinants, 

namely biological or child-specific characteristics, socio-economic status or household-specific 

characteristics and environmental quality and cultural factors or community characteristics. The third 

set of characteristics is also crucial in determining food security since this variable tends to be related 

to space and time dimensions (Hoddinott, 1999).  

Table 9 Non parametric difference in difference. 

 2009  2011   

 
Price 
shock 

No Price 
Shock 

 Price 
shock 

No Price 
Shock 

 DD 

Weight-for-age (WAZ) -1.048 -1.139  -0.438 -0.287  -0.242** 
Food (in)security (weeks of food scarcity) 7.02 5.92  4.01 4.00  -1.08*** 

 2009  2011   

 
Drought 
shock 

No 
Drought  

 Drought 
shock 

No 
Drought  

 DD 

Weight-for-age (WAZ) -0.895 -1.106  -1.248 -0.348  -1.111*** 
Food (in)security (weeks of food scarcity) 9.35 6.31  4.46 3.99  -2.568** 

Source: Author’s elaborations.  

Note: * stands for p-value < 0.10 , ** stands for p-value < 0.05 , *** stands for p-value < 0.01. 

 

 



4 Empirical model 

The empirical analysis follows three steps. 

4.1 Basic model: partial and multi-shock analysis 

Considering that child, household and community characteristics could be correlated with child 

weight-for-age we initially estimate a simple child health model including several observable child, 

mother, and household characteristics to avoid omitted variables bias. The basic estimation equation 

can then be written as: 

                                                             

                         
(1) 

where            is the weight-for-age Z-score pertaining to child i in household h in village v in 

year t.        is the vector of child and maternal characteristics.       contains the household 

characteristics and wealth characteristics. The occurrence of shocks is observed at the household 

level;          is the vector of natural hazards experienced by the household in the three to six 

months prior to the survey,          represents biological hazards, economic shocks are collected 

in          and health related shocks in         . Structural change is captured by the year 

dummy    while     accounts for village-year-fixed effects and       is the error term. Strict 

exogeneity of shocks with respect to observable child, household and community characteristics 

would allow unbiased OLS estimates of the average impact of shocks on child weight-for-age. 

4.2 Price (drought) DD of weight-for-age  

Given the improvements in 2011 but also the increased incidence of shocks and the generalized 

increase in purchasing prices in 2011 we are interested in the comparison of child weight-for-age for 

children reported leaving in households that experienced the price shock before and after the 

government engagement into pro-nutrition and pro-agricultural development measures. Hence we 

estimate the following DD model with village-year fixed effects: 

                                                              

                                             
(2) 



where the additional term                    interacts the increase in purchasing prices shock with 

the dummy for the year 2011. Other variables are defined as above. A similar model is also estimated 

to compare a drought shock before and after the structural change, introducing the additional term 

            (interacting the drought shock dummy variable with the dummy for the year 2011) in 

place of                   .  

4.3 Misfortunes never come singly: increasing prices in times of drought (DDD model) 

In the final step we consider the effects of concomitant increasing prices and drought shocks 

comparing children between rounds:  

                                                             

                                                        

                                             

(4.3) 

where                    interacts the increase in purchasing prices with the occurrence of a 

drought (shocks concomitance effect independently of the year),                    interacts the 

increase in purchasing prices shock with the dummy for the year 2011 and             interacts the 

drought shock dummy variable with the dummy for the year 2011. The variable of interest is 

                  interacting both the purchasing price and drought shock dummies with the 

dummy for the year 2011. Hence    will account for the effects of the two shocks concomitance on 

child weight-for-age, while considering the structural change in place between the two rounds. Other 

variables are defined as above.  

 

5 Results and robustness checks 

The results for the impact of adverse events on child nutritional status are presented in Table 10 we 

account for household size and composition (share of children below 5 years in the household) and 

parental characteristics, access to water and sanitation and wealth indicators (poultry, livestock and 

land ownership). Indicator variables for the ownership of a radio and/or mobile phone in the 

household are included as both indicators of wealth and connectedness. These devices allow the 

household to get access to news and information about health and shocks occurring within and 

outside the country. Similarly, we control for a time trend to capture structural changes (a dummy 



taking value 1 for 2011 observations, 0 for 2009). In addition, following the approach of Cogneau 

and Jedwab (2012) and Senne (2013) we control for village-year fixed effects including dummies for 

the village of residence interacted with year to control for all unobserved village-specific 

characteristics and trends related to shocks and child health. Standard errors are clustered at the 

village level to account for within village correlation of the error term. Finally we include dummies 

accounting for economic, natural, biological and health shocks. Negative and significant coefficients 

associated with a shock variable indicate that the occurrence of the respective shock affects child 

health negatively. The non-significance of the coefficient pertaining to a shock variable does not 

necessarily suggest that the specific shock did not have any effects on child nutritional status or on 

other indicators of household welfare. It rather may suggest that, on average, household may have 

been able to mitigate the adverse effects of the shock thanks to (ex-ante/ex-post) successful coping 

strategies. 

A first glance to table 10 allows making three initial comments. First the year dummy is 

positive and significant, supporting the argument of a structural change occurring in between the 

two survey rounds. Second, we excluded certain shocks (shocks with small incidence or shocks not 

particularly relevant for our discussion) to allow the estimation of more parsimonious models in the 

subsequent steps and rule out potential multicollinearity driven by certain shocks interdependencies. 

Results including the full set of shocks do not sensibly differ from the ones in Table 10 and are 

available upon request. Third, sign and level of significance of the shocks considered remain stable 

across specifications allowing discussing coherent shocks and child weight-for-age pathways across 

different models. 

5.1 Results of the partial and multi-shock analysis 

Results of the partial shock analysis (including shocks singly in the specification of the model) are 

reported in specifications (1) to (7) while specification (8) considers shocks altogether. Note that 

coefficients magnitudes vary slightly in the multi-shock specification. Crop pests and a member loss 

of employment experience the higher increase in magnitude in the multi-shock specification. These 

increases seem to be linked to their correlation to drought shocks as suggested by Tables 6 and 7. 

For example, the occurrence of a drought in the planting season could hamper crop growth, thus 

resulting in a lower labor demand for the harvesting season. Similarly, droughts could weaken crops 

resistance and/or favor the development of pests and insects. However, respective coefficients are 



non significant. On the other hand, on average droughts and a member loss of employment seem to 

have adverse effects on child health. Droughts negative effects could be associated with losses of 

agricultural income for rural households relying primarily on farm activities. Similarly, the loss of 

employment of a member can result in a decreased income at the individual and household level. 

Both shocks account for about 40% (30%) of the 2009 (2011) child weight-for-age standard 

deviation. We explore more in detail the effects of drought between rounds in the DD and DDD 

results. In contrast with our expectations, we find that extreme cold episodes and death of a member 

seem to have beneficial effects on child weight-for-age. Considering that Senegal is a tropical 

country, a decrease in temperatures could have resulted in beneficial effects for both agricultural 

production and household members productivity and livelihood (see for example Hsiang et al., 2013; 

Lobell et al., 2011). Moreover, crosschecking with survey enumerators and Senegalese temperature 

series suggest that the lower temperature experienced in the survey years were not extreme (although 

recorded as such by some respondents). Finally, a household member’s death seem to have a 

positive effect on child weight for age accounting for 13 to 18% of the Z-score standard deviation. 

In line with the discussion in the previous sections and the focus on the short-term, this result 

suggest that a reduction in consumption units in the household would prevail on funeral costs and 

reduced-income costs triggered by the loss of a (income earner) member. 

5.2 Structural change and price (drought) DD  

Specifications (9) and (10) present increasing prices and drought DD estimates conditional on child, 

household and village observables and the survey year to consider fundamental changes occurring 

between 2009 and 2011 in the survey areas. Conditional DD estimates (the year-shock dummy 

variable) are in line with the non-parametric estimates for child weight-for-age in Table 9 suggesting 

a negative effect of both increasing prices and droughts although the considerable improvements in 

2011. This highlights the need to implement measures to protect child health from certain adverse 

events while considering that household could experience at the same time other connected 

distresses (such as crop pests in the aftermath of a drought).  



 

Table 10 Econometric results, village-year fixed effect estimations clustered at the village level. 

Dependent variable: Child Weight-for-Age 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

Year 2011 (=1) 0.802*** 0.804*** 0.787*** 0.771*** 0.795*** 0.804*** 0.783*** 0.834*** 1.014*** 0.860*** 1.037*** 
 (0.0839) (0.0819) (0.0835) (0.0881) (0.0836) (0.0835) (0.0834) (0.088) (0.129) (0.087) (0.130) 
Drought_1 -0.47***       -0.434** -0.452** 0.283 -0.69*** 
 (0.177)       (0.175) (0.175) (0.402) (0.161) 
Extreme cold_1  0.513***      0.544*** 0.503** 0.538*** 0.497** 
  (0.193)      (0.191) (0.194) (0.193) (0.197) 
Crop pest_1   0.0500     0.115 0.111 0.111 0.0904 
   (0.164)     (0.167) (0.166) (0.156) (0.154) 
Increase purchasing prices_1    0.0434    0.0323 0.207* 0.022 0.183 
    (0.0779)    (0.080) (0.120) (0.080) (0.118) 
Decrease selling prices_1     0.114   0.132 0.0538 0.104 0.0214 
     (0.195)   (0.205) (0.204) (0.206) (0.207) 
Loss employment_1      -0.460*  -0.501** -0.489** -0.481** -0.470** 
      (0.238)  (0.234) (0.233) (0.235) (0.235) 
Death of member_1       0.224** 0.238** 0.227** 0.247** 0.240** 
       (0.108) (0.109) (0.111) (0.109) (0.111) 
Year 2011 * Incr.Prices_1         -0.328*  -0.321* 
         (0.178)  (0.178) 
Year 2011 * Drought_1          -0.906** -0.196 
          (0.416) (0.282) 
Incr.Prices_1 * Drought_1           1.035** 
           (0.475) 
Year 2011 * Incr.Prices_1 * Drought_1           -0.702 
           (0.522) 
Constant -1.29*** -1.47*** -1.44*** -1.46*** -1.44*** -1.46*** -1.43*** -1.32*** -1.35*** -1.25*** -1.28*** 
 (0.356) (0.348) (0.349) (0.348) (0.349) (0.350) (0.347) (0.354) (0.360) (0.351) (0.358) 

Observations 3,471 3,471 3,471 3,471 3,471 3,471 3,471 3,471 3,471 3,471 3,471 
R-squared 0.217 0.217 0.215 0.215 0.215 0.216 0.215 0.222 0.224 0.224 0.226 
Number of clusters (villages) 165 165 165 165 165 165 165 165 165 165 165 

Source: Author’s elaborations. 

Note: Additional control variables included are age and sex of the child, head of the household and mother’s age and sex, if the mother reside in the household, 
mother’s literacy, if the mother is or not related to the head of the household, number and size of parcels of land cultivated, ownership of poultry, livestock, radio 
and mobile phone, water and toilet facilities dummies. *, **, *** stand for level of significance at 10, 5 and 1% respectively. 



5.3 Misfortunes never come singly? Competing effects 

When we consider the DDD estimate accounting for concomitance of an increase in purchasing prices and 

drought episodes after 2011wefind negative but non-significant effects on child weight-for-age. Given the 

2011 considerable improvements in child weight-for-age but the higher incidence of shocks, a closer look 

to the variables accounting for intermediate effects can shed some light on this result.  

Firstly, the 2011 structural change dummy increased in magnitude with respect to earlier 

specifications, suggesting that analyzing the effects of an increase in purchasing prices in concomitance 

with a drought shock would help to better disentangle the relationship between child health and 

fundamental changes in the time covered by the survey. Secondly, The price-year dummy is negative and 

significant as in the non-parametric and parametric prices-DD analysis. However in comparison with the 

drought-DD analysis the coefficient of the drought-year dummy has a very low magnitude and is no longer 

significant. Thirdly and more important, the effects of the concomitance of increasing prices and drought 

shocks is largely captured by the prices-drought dummy. The coefficient of this variable (   in equation 

4.3) accounts for positive and significant effects in the order of 60 to 70% of the standard deviation of 

child weight-for-age. In economic terms this suggests competing price and income effects. Below we 

attempt to consider the relevant channels of effects. 

Local effects 

I expect households located in the same areas to have similar characteristics, risk and food security profiles. 

Moreover, the national nutrition program launched in Senegal and gradually spreading in rural areas in 

more recent years aims precisely to reduce child malnutrition through increased community nutrition 

activities such as growth monitoring, food supplements for children underweight and information-

education-communication sessions for pregnant women (Natalicchio, 2011). The inclusion of village-year 

fixed effects in the analysis implies that we are controlling for unobservable characteristics shared by 

households in the same village. The village-year fixed effects also imply that the shock effect that influence 

child health is only the one differentially affecting children that experienced and did not experience the 

structural change and the specific shock analyzed in the same environment. 

Time allocation 

An increase in purchasing prices could push households to rely more on own produced food products. 

However, if a drought strikes during inflationary periods rural households members may find more 

profitable to reallocate their work to off-farm activities and/or child care in rural household (Miller and 

Urdinola, 2010). This reallocation of time could have beneficial effects on child health through the 



substitution between farm and off-farm income and/or an increase in the time dedicated to children 

(Cogneau and Jedwab, 2012). Imperfect labor markets and the short-term nature of our analysis suggest 

low availability of off-farm activities in the short-term in the context analyzed, while we refer to future 

analyses to assess the child care channel. 

Income effects 

Positive effects of concomitant increasing purchasing prices and droughts on child weight-for-age may be 

driven by an increased income for farmers. Farmers experiencing drought may have a decrease in land 

productivity and agricultural production. A generalized drought-induced reduction in the supply of 

agricultural products may increase the price of food items sold on the market, thus increasing the income 

of net food producers, with positive effects on the health of children leaving in the household. This 

positive income effect may also be enhanced by the competitiveness gains derived by a concomitant 

increase of the price of imported food products. Being Senegal highly dependent on food imports, we have 

to consider this particular effect. Figure 2 presents the evolution of international food prices from 2008 to 

2011. Notably, households interviewed in 2009 seem not to have experienced major international food 

price shocks (their level sharply declining after the peak in 2008) but they may have experienced 

international food prices peaks at the beginning of 2011. Although the survey did not specifically ask for 

the domestic or international source of the price increase, the specific food prices peak in 2011 should (and 

seems to) be reflected in the price-year interaction term, leaving the increase in domestic food prices effects 

in drought times to be captured by the price-drought interaction term. Hence we argue that the occurrence 

of a drought shock in rural Senegal during a period of increasing prices allowed leaving child health 

unaffected by the increase in prices thanks to positive income effects9.  

 

  

                                                 
9 This is in line with agricultural household model mechanisms (Singh et al., 1986). 



Figure 2 FAO food price index 2008-2011 (base year: 2002-2004). 

 

Source: FAO (2013) 

Note: The FAO food price index is calculated as the average of meat, dairy, cereals, oil and sugar price indices 
weighted with the average export shares of each of the groups for 2002-2004. 

 

Food security 

Concomitant price increases and drought risk adverse effects on child weight-for-age could also have been 

mitigated by a structural improvement in household food security levels between the two rounds as 

suggested by the descriptive statistics in Table 8. The non-parametric DD suggested that the 2011 

improvements effects prevailed on the adverse shock effects. The estimation of specification (11) using the 

food insecurity indicator as dependent variable confirms that food security worsens in times of drought but 

2011 fundamental changes and positive income effects due to concomitance of price and drought shocks 

leave food security (and child weight-for-age) unaffected un 2011. Whether the food security improvement 

is primarily driven by the structural change or by the argued income effects have still to be investigated 

more accurately. 
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6 Conclusions 

In this paper we focused on the impact of natural disasters, economic, biological, and health shocks on 

child weight-for-age highlighting the channels through which child and respective rural households may 

have (or have not) been affected. We focused on the context of rural Senegal and we exploited difference 

in difference and triple difference strategies to explore the effects of non-concomitant and concomitant 

increases in purchasing prices and drought shocks. We show that the fundamental changes in 2011 seemed 

not enough to insure child health if the respective household experienced non-concomitant higher 

purchasing prices or a drought. However, if the household experienced both shocks the net effect on child 

weight-for-age in 2011 was not significant. We suggest that income effects would have protected child 

health by concomitant drought and price shocks.  

The result of the analysis is very peculiar since it emphasizes that eventually shock concomitance may 

result in positive or non-significant effects on the outcome variable. From the perspective of the policy 

maker the various channels of effects have then to be considered in long-term programs designs and short-

term intervention decisions in order to minimize households and individual vulnerability before the (non) 

natural shocks occur while maximizing their resilience ex-post. For example, if the analysis in this Chapter 

highlighted positive income effects from concomitant price and drought shocks for children in rural 

households, nothing is said about the effects of these shocks in urban areas. Ultimately the effects on 

urban children and household could have been very different. 

 

  



References 

AGNSD (2013) Publication mensuelles. Accessed January 2014, available at 

http://www.ansd.sn/publications_mensuelles.html. 

Ainsworth, M. and D. Filmer (2002) Poverty, AIDS, and children’s schooling: a targeting dilemma. Washington, 

DC: World Bank. 

Ainsworth, M. and I. Semali (2010) The impact of adult deaths on children’s health in Northwestern Tanzania. 

Washington, DC: World Bank. 

Alderman, H., J. Hoddinott and B. Kinsey (2006) ‘Long term consequences of early childhood 

malnutrition’, Oxford Economic Papers 58 (3): 450-474. 

Anderson, P.K., Cunningham, A.A., Patel N.G., Morales F.J., Epstein P.R. and Daszak, P. (2004) 

‘Emerging Infectious Diseases of Plants: Pathogen Pollution, Climate Change and Agrotechnology 

Drivers’, Trends in Ecology & Evolution 19 (10): 535-544. 

Baez, J. and I. Santos (2007) ‘Children’s vulnerability to weather shocks: A natural disaster as a natural 

experiment’, Working Paper. Available at SSRN: <http://ssrn.com/abstract=903684>. 

Bairagi, R. (1986) ‘Food crisis, nutrition, and female children in Rural Bangladesh’, Population and 

Development Review 12 (2): 307-315. 

Barrera, A. (1990) ‘The role of maternal schooling and its interaction with public health programs in child 

health production’, Journal of Development Economics 32 (1): 69-91. 

Beegle, K., J. De Weerdt, J. Friedman and J. Gibson (2012) ‘Methods of household consumption 

measurement through surveys: Experimental results from Tanzania’, Journal of Development Economics 

98: 3-18. 

Bengtsson, N. (2010) ‘How responsive is body weight to transitory income changes? Evidence from rural 

Tanzania’, Journal of Development Economics 92 (1): 53-61. 

Block, S.A., L. Kiess, P. Webb, S. Kosen, R. Morench-Pfanner, M.W. Bloem and C.P. Timmer (2004) 

‘Macro shocks and micro outcomes: child nutrition during Indonesia’s crisis’, Economics and Human 

Biology 2 (1): 21-44. 

Carter, M. And J.A. Maluccio (2003) ‘Social capita land coping with economic shocks: An analysis of 

stunting of South African children’, World Development 31 (7): 1147-1163. 

Case, A., C. Paxson and J. Ableidinger (2004) ‘Orphans in Africa: parental death, poverty, and schooling 

enrollment’, Demography 41 (3): 483-508. 

http://www.sciencedirect.com/science?_ob=RedirectURL&_method=externObjLink&_locator=url&_issn=0305750X&_origin=article&_zone=art_page&_plusSign=%2B&_targetURL=http%253A%252F%252Fssrn.com%252Fabstract%253D903684


CERDI, IHEID and UGB (2009) Evaluation d’impact du programme PTF au Sénégal. Rapport sur la situation de 

reference. Geneva: The Graduate Institute. (mimeo) 

Charmarbagwala, R., M. Ranger, H. Waddingotn and H. White (2004) ‘The determinants of child health 

and nutrition: a meta-analysis’, manuscript. Washington, DC: World Bank. 

Christiaensen, L. and H. Alderman (2004) ‘Child malnutrition in Ethiopia : can maternal knowledge 

augment the role of income ?’, Economic Development and Cultural Change 52 (2) : 287-312. 

Cogneau,  D. and R. Jedwab (2012) ‘Commodity price shocks and child outcomes : the 1990 cocoa crisis in 

Côte d’Ivoire’, Economic Development and Cultural Change 60(3) : 507-534. 

de Braw, A. (2011) ‘Migration and child developments during the food price crisis in El Salvador’, Food 

Policy 36 (1): 28-40. 

Deaton, A. (1992) ‘Saving and income smoothing in Côte d’Ivoire’, Journal of African Economies 1(1): 1-24. 

del Ninno, C. and M. Lundberg (2005) ‘Treading water. The long-term impact of the 1998 flood on 

nutrition in Bangladesh’, Economics and Human Biology 3 (1): 67-96. 

Deolalikar, A.B. (1996) ‘Child nutritional status and child growth in Kenya: socioeconomic determinants’, 

Journal of International Development 8 (3): 375-393. 

Dercon, S. (1996) ‘Risk, Crop Choice, and Savings: Evidence from Tanzania’, Economic Development and 

Cultural Change 44 (3): 485-513.  

Dercon, S. (2004) ‘Growth and Shocks: Evidence from Rural Ethiopia’, Journal of Development Economics 74 

(2): 309-329.  

Dercon, S., J. Hoddinott and T. Woldehanna (2005) ‘Shocks and Consumption in 15 Ethiopian Villages, 

1999-2004’, Journal of African Economies 14 (4): 559.  

Dercon, S. and P. Krishnan (2000) ‘In sickness and in health: Risk sharing within households in rural 

Ethiopia’, Journal of Political Economy 108 (4): 688-727. 

EM-DAT (last update 2012) The OFDA/CRED International Disaster Database. Brussels, Belgium: Université 

Catholique de Louvain. Accessed 16 June 2012 <www.emdat.be >. 

Ezra, M. (2001) ‘Demographic responses to environmental stress in the drought- and famine-prone areas 

of northern Ethiopia’, International Journal of Population Geography 7 (4), 259–279. 

Fafchamps, M., C. Udry and K. Czukas (1998) ‘Drought and saving in West Africa: are livestock a buffer 

stock?’, Journal of Development Economics 55 (2): 273-305. 

FAO (2013) FAO Food Security Indicators. Available at http://www.fao.org/economic/ess/ess-fs/ess-

fadata/en/. 



Ferreira, F.H.G. and N. Schady (2009) ‘Aggregate economic shocks, child schooling and child health’, The 

World Bank Research Observer 24 (2): 147-181. 

Glewwe, P. (1999) ‘Why does mother’s schooling raise child health in developing countries? Evidence from 

Morocco’, The Journal of Human Resources 34 (1): 124-159. 

Grimm, M. (2010) ‘Mortality shocks and survivors’ consumption growth’, Oxford Bulletin of Economics and 

Statistics 72 (2): 146-171. 

Haines, A., R.S. Kovats, D. Campbell-Lendrum and C. Corvalán (2006) ‘Climate Change and Human 

Health: Impacts, Vulnerability, and Mitigation’, The Lancet 367 (9528): 2101-2109.  

Heltberg, R., N. Hossain, A. Reva and C. Turk (2012) ‘Anatomy of coping. Evidence from people living 

through the crisis of 2008-11’, World Bank Policy Research Working Paper 5957. Washington, DC: World 

Bank.  

Heltberg, R. and N. Lund (2009) ‘Shocks, coping, and outcomes for Pakistan’s poor: Health risks 

predominate’, The Journal of Development Studies 45 (6): 889-910. 

Hoddinott, J. (1999) Operationalizing household food security in development projects: an introduction. Washington, 

DC: International Food Policy Research Institute. 

Hoddinott, J. and B. Kinsey (2001) ‘Child growth in the time of drought’, Oxford Bullettin of Economics and 

Statistics 63 (4): 409-436. 

Hsiang, S.M., M. Burke and E- Miguel (2013) ‘Quantifying the influence of climate on human conflict’, 

Science 341 (6151): 1235367. 

IPCC (2001) Climate Change 2001: The Scientific Basis. Contribution of Working Group I to the Third Assessment 

Report of the Intergovernmental Panel on Climate Change. Cambridge, UK: Cambridge University Press.  

ISDR (2009) Global Assessment Report on Disaster Risk Reduction. Geneva, Switzerland: United Nations.  

Kadiyala, S., A. Quisumbing, B. Rogers and P. Webb (2009) ‘The impact of prime age adult mortality on 

child survival and growth in rural Ethiopia’, World Development 37 (6): 1116-1128. 

Kazianga H. and C. Udry (2006) ‘Consumption Smoothing? Livestock, insurance and drought in rural 

Burkina Faso’, Journal of Development Economics 79 (2): 413-446. 

Kinsey, B., K. Burger and J.W. Gunning (1998) ‘Coping with drought in Zimbabwe: Survey Evidence on 

Responses of Rural Households to Risk’, World Development 26 (1): 89-110. 

Lobell, D.B., M. Bänziger, C. Magorokosho and B. Vivek (2011) ‘Nonlinear heat effects on African maize 

as evidenced by historical yield trials’, Nature and Climate Change 1: 42-45. 



Maccini, S.L. and D. Yang (2008) ‘Under the weather: Health, schooling, and economic consequences of 

early-life rainfall’, NBER Working Papers Series 14031. Cambridge, MA: NBER. 

Mackinnon, J. (1995) ‘Health as an informational good: the determinants of child nutrition and mortality 

during political and economic recovery in Uganda’, CSAE Working Paper Series 95-9. Oxford, UK: 

Centre for the Study of African Economies. 

Marini, A. and M. Gragnolati (2003) ‘Malnutrition and poverty in Guatemala’, World Bank Policy Research 

Working Paper 2967. Washington, DC: World Bank. 

Martorell, R. (1999) ‘The nature of child malnutrition and its long-term implications’, Food and Nutrition 

Bulletin 20 (3): 288-92. 

McMichael, A.J. and A. Haines (1997) ‘Global Climate Change: The Potential Effects on Health’, British 

Medical Journal 315 (7111): 805-809.  

Mulder-Sibanda,M. (2011) Senegal - Nutrition Enhancement Program II : P097181 - Implementation Status Results 

Report : Sequence 11. Washington, DC: World Bank. 

http://documents.worldbank.org/curated/en/2011/11/15451727/senegal-nutrition-enhancement-

program-ii-p097181-implementation-status-results-report-sequence-11 

Murdoch, J. (1995). ‘Income smoothing and consumption smoothing’, Journal of Economic Perspectives 9: 103-

14. 

Natalicchio, M. (2011) ‘Senegal’s fight against malnutrition: the Nutrition Enhancement Program’, in 

Garrett, J. and M. Natalicchio (eds.) (2011) Working multisectorally in nutrition. Principles, practices, and case 

studies. Washington, DC: IFPRI. 

Onis, M. de and M. Blössner (1997) WHO Global Database on Child Growth and Malnutrition. Geneva: World 

Health Organization, Programme on Nutrition. Available at 

<whqlibdoc.who.int/hq/1997/WHO_NUT_97.4.pdf>. 

Paxson, C. and N. Schady (2005) ‘Child health and economic crisis in Peru’, The World Bank Economic Review 

19 (2) : 203-223. 

Piao, S., Ciais, P., Huang, Y., Shen, Z., Peng, S., Li, J. et al. (2010) ‘The Impacts of Climate Change on 

Water Resources and Agriculture in China’, Nature 467 (7311): 43-51.  

Pongou, R., J. Salomon and M. Ezzati (2006) ‘Health impacts of macroeconomic policies: determinants of 

variation in childhood malnutrition trends in Cameroon’, International Journal of Epidemiology 35 (3): 

648-656. 

Quisumbing, A.R. (2003) ‘Food aid and child nutrition in rural Ethiopia’, World Development 31 (7): 1309-

1324. 



République du Sénégal (2010) Analyse globale de la vulnerabilité, de la sicurité alimentaire et de la nutrition 

(AGVSAN). Rome, Italy: World Food Programme. 

Rosenzweig, M. and C. Udry (2013) ‘Forecasting profitability’, NBER Working Paper 19334. Cambridge, 

MA: National Bureau of Economic Research. 

Sadoulet, E. and A. de Janvry (1995) Quantitative Development Policy Analysis. Baltimore MD: The Johns 

Hopkins University Press. 

Senauer, B. and M. Garcia (1991) ‘Determinants of the nutrition and health status of preschool children: an 

analysis with longitudinal data’, Economic Development and Cultural Change 39 (2): 371-389. 

Senne, J.-N. (2013) ‘Death and schooling decisions over the short and long run in rural Madagascar’, Journal 

of Population Economics 27 (2): 497-528. 

Skoufias, E. and K. Vinha (2012) ‘Climate variability and child height in rural Mexico’, Economics and Human 

Biology 10: 54-73. 

Singh, I., L. Squire and J. Strauss (1986) ‘A Survey of Agricultural Household Models: Recent Findings and 

Policy Implications’, The World Bank Economic Review 1 (1): 149-179.  

Thomas, D. (1990) ‘Intra-household resource allocation: an inferential approach’, The Journal of Human 

Resources 25 (4): 635-664. 

Thomas, D., J. Strauss and M.H. Henriques (1991) ‘How does mother’s education affect child height?’, The 

Journal of Human Resources 26 (2): 183-211. 

Thomas, D., V. Lavy and J. Strauss (1996) ‘Public policy and anthropometric outcomes in the Cote 

d’Ivoire’, Journal of Public Economics 61 (2): 155-192. 

Townsend, R.M. (1994) ‘Risk and insurance in village India’, Econometrica 62 (3): 539-591. 

Wagstaff, A. and M. Lindelow (2010) ‘Are health shocks different? Evidence from a multi-shock survey in 

Laos’, Health Economics (forthcoming). 

WFP (2013) http://www.wfp.org/countries/senegal/overview 

WHO and UNICEF (2009) WHO child growth standards and the identification of severe acute malnutrition in infants 

and children. A joint statement by the World Health Organization and the United Nations Children’s Fund. 

Geneva, Switzerland, WHO Press. Available at 

<http://www.who.int/nutrition/publications/severemalnutrition/9789241598163_eng.pdf>. 

World Bank (2013) World Bank Database. Accessed 30 August 2013 

<http://data.worldbank.org/country/senegal>.  



Yamano, T., H. Alderman and L. Christiaensen (2005) ‘Child Growth, Shocks, and Food Aid in Rural 

Ethiopia’, American Journal of Agricultural Economics 87(2): 273-288.  

Yamauchi, F., Y. Yohannes and A. Quisumbing (2009) ‘Natural disasters, self-insurance and human capital 

investment. Evidence from Bangladesh, Ethiopia and Malawi’, World Bank Policy Research Working 

Paper 4910. Washington, DC: World Bank. 

Yilma, Z., A. Mebratie, R. Sparrow, D. Abebaw, M. Dekker, G. Alemu and A.S. Bedi (2013) ‘Coping with 

shocks in rural Ethiopia’, ISS Working Paper – General Series n.560. The Hague, Netherlands: 

International Institute of Social Studies of the Erasmus University. 

 


