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Abstract  

Climate change, especially in Africa’s central Sahel region, is occurring in the context of exponential population 
rise with countries like Chad and Niger still in the “early expanding phase” of demographic growth. While many 
experts predict a mid-century climate and demographic ‘mega crisis’ for the region; our paper looks at the effect 
of the rising temperature, through the medium of increased temperature and precipitation variability upon fertility 
and hence demographic trends as we advance into the 21st century. The paper uses climate data and DHS 
(Demographic and Health Survey) data from Chad, which has demonstrated significant warming since the late 
1960’s. We create a weather shock variable that is defined as a t>2 departure from the post-1960 mean of 
temperature and precipitation by month, year, and GIS location. We regress the following years’ human fertility 
outcomes by month and GIS location upon these shocks when occurring in the growing months of June, July, and 
August. We find that the effect is highly negatively significant with a one-year lag. Then we go on to look for the 
mechanism behind this significance; the literature suggesting that climate effects fertility through biological or 
food security related channels. We then regress the male/female sex ratio on the same weather shocks to see if 
there is a rise in miscarriages among male fetuses due to either the direct effect of heat or as an effect of increased 
female malnutrition. By running both these models with weather shocks from Chad’s dry season months of 
December, January, and February, we discern whether the significance is driven by pure temperature or by some 
sort of food security/household income channel. Though we see some dry season effect, most of the significance 
is driven by the shocks in the growing season and with the significant effect of these shocks on the sex ratio, we 
can assume that increased female malnutrition is a key driver of both the rise in miscarriages and the drop-in 
fertility. We then run these models within each of the three Chadian climate zones: the Sahara, the Sahel, and the 
Sudan. Seeing that the Sahel zone is the major driver for the significance of our models, we discuss if this can have 
implications for the wider African Sahel. 

Keywords: climate change, Africa, fertility, demographics, the Sahel, Chad 

1. Introduction 

Climate change disproportionately affects Sub-Saharan Africa. The more devastating effects of rising temperature 
and reduced precipitation are particularly salient in the Sahel—the semi-arid region that separates the Sahara zone 
from green Soudanese Africa. In this region, the decrease in precipitation and rise in temperature since the early 
sixties is among of the most significant in recorded climatological history (IPCC, 2001).  

In this paper we examine the relationship between fertility and temperature and precipitation shocks in the country 
of Chad. Chad contains three distinct ecological climate zones. In addition to the central semi-arid Sahel, the 
country has a desert Saharan region and the greener Soudanese region. In areas highly dependent on rainfed 
agriculture, weather shocks can hold significant consequences for household well-being. Climate change has hit 
Chad particularly hard with temperatures rising 2.64 degrees centigrade between 1960 and 2010 (Abidoye and 
Odusola, 2015). One major effect of a changing climate is increased weather variability and as climate change 
continues, we can expect temperature and precipitation shocks to increase in both frequency and intensity (Potts 
2015).  

The effects of climate change and associated shocks are well documented and wide ranging (Abidoye and Odusola 
2015). Increased weather variability can influence fertility through behavioral, biological, and socio-economic 
channels. Numerous studies point to households’ child preferences and their behavioral response to weather shocks 
as a channel for climate’s influence on fertility. These studies demonstrate that households may increase their 
fertility as a response to the increases in risk and mortality caused by climate shocks (Salas 2017; Gemenne 2011; 
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Das Gupta et al. 2009; Lackzo, Aghazarm 2009). Much of this literature focuses primarily on major environmental 
and/or weather events and the associated rise in child mortality (Portner 2018; Brauner-Otto & Axina 2017; J.Davis 
2017; Owoo, AgyeiMensah & Onusha 2015). As a result, households may exhibit child hoarding behaviors. This 
response may be exacerbated in developing countries where children are often an important source of family labor 
in agricultural areas (Cain 1981). Increasing fertility may also simply be an insurance mechanism where in the 
face of greater climate uncertainty parents decide to have more children to provide for a more uncertain future 
(Rozensweig & Schultz 1983; Cain 1981). However, these behavioral responses relate to the mortality events 
caused by major weather shocks. In this paper we are more concerned with weather shocks that are not necessarily 
associated with higher child mortality but still affect individual and household well-being and, in turn, their 
subsequent fertility.  

Specifically, we examine the effect of growing season temperature and precipitation shocks on cluster level birth 
rates using data from the 2014-2015 wave of the Demographic and Health Survey in Chad. We find that growing 
season weather shocks reduce cluster-level birth rates with this effect being largely driven by the semi-arid region 
of the Sahel. We further explore the possibility that these effects are due to weather’s effect on food security by 
comparing the effects of growing season shocks with dry season shocks. We also explore the potential of weather 
biologically affecting reproductive health and subsequently miscarriage rates by looking at its effect on cluster-
level male-to-female sex ratios—given evidence that male fetuses are more likely to miscarry than female fetuses 
due to population stressors (Fukuda et al 2014; Catalano 2003; Byrne et al, 1987).  

2. Climate Change and Fertility  

In this paper, we are concerned with the effect of temperature and precipitation shocks on fertility. These shocks 
can affect household fertility decisions both through biological and socio-economic channels. Temperature and 
precipitation can biologically affect fertility through a direct effect on reproductive ability. Evidence demonstrates 
that extreme heat reduces human fertility (Atiqul Haq et al 2021; Nielson 2016; Lam, Miron 1996; Becker, 
Chowdhury, Leridon 1986; Richards 1983). There are also papers on the negative effect of rising heat on baby 
weight, as well as general mortality (Bakhtsiyarava et al 2018; Chapman et al 2017; Grace et al 2015). Gregory 
Casey et al’s paper demonstrates that the effect of heat on fertility depends on global position, where Eissler et al 
shows that the effect of heat on fertility is mitigated by urban/rural status, education, and parity (Casey et al 2019; 
Eissler et al 2019; Grace 2015).  

However, the mechanism by which this happens is not clear. Moreover, while this effect of heat on fertility has 
been observed in the United States and the numerous developing countries, researchers have been largely unable 
to replicate it in Europe (Kestenbaum 1987; Richards 1983; Warren, Tyler 1979; Chaudhury 1972; Pasaminick, 
Dinitz, Knobloch 1960). Therefore, the biological process by which heat affects fertility continues to be a source 
of debate.  
Some argue that the effect of heat on human fertility may augmented by seasonal photoperiodic effects on 
individual hormone levels (Levine 1994).1 However, changes in the length of day versus night cannot explain the 
fertility effects of within season climate shocks. Generally, the effect of heat on human fertility theorized to be the 
result of two physiological processes; increased temperature can reduce male spermatogenesis as well as restrict 
female ovulatory function (Scholte, Van den Berg, Lindeboom 2015; Lam, Miron 1996; Boserup 1985).  
Higher temperature can also lead to increased incidence of stillbirth (Basu, Sarovar & Malig 2016; Strand, Barnett 
& Tony 2012), however increased stillbirths maybe also due to poor maternal nutrition (Bhutta et al 2013; Snigal 
& Doyle 2008; Nalumbamba -Phiri & Goldberg 2006). Climate shocks can affect a region’s disease environment 
as well as food security through its effect on crop yields (Tiwari et al., 2017; Porter et al 2014; Ray et al 2012). 
This, in turn can affect maternal malnutrition during pregnancy, which can affect both fertility and the ability to 
carry a child to term (Alan & Portner 2018; Kim & Prskawetz 2010). Maternal malnutrition can then reduce fertility 
through several processes. For example, biological evidence establishes that there exists a level of malnutrition 
beyond which short-term ovulatory function shuts down. Additionally, evidence indicates that childhood and in-
utero female malnutrition can affect adult sterility (Song 2013; Lumey and Stein 1997; Gluckman et al. 2005; 
Gardner et al. 2009). Carico et al shows that weather shocks can lead to a greater prevalence of child marriage, 
which can increase fertility (Carico et al 2020). Finally, maternal malnutrition is also associated with increased 
rates of infant mortality and adverse birth outcomes (Bhutta et al 2013; Snigal & Doyle 2008; Nalubamba-Phiri & 
Goldberg 2006).  
In regions dependent on rainfed agriculture, climate’s effect on crop yields means that climate shocks can result in 
economic shocks, have significant implications for households’ socio-economic status and can influence fertility 

                                                        
1 Photoperiodism is defined as the physiological response of plants and animals to the length of day or night.  
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decisions beyond the biological processes discussed above. Much has been written on the effect of scarcity on 
fertility (Alan & Portner 2018; de Sherbinan et al 2007), with scarcity changing the parameters of the child 
quality/quantity trade-off (Becker & Lewis 1973). Climate shocks can therefore result in a tightening of resource 
constraints that then influences a household’s fertility decisions and may cause reduced or delayed fertility 
(Mckelvey Thomas & Frankenberg 2012; Mckenzie 2003; Eloundou-Enyegue, Stokes & Cornwell 2000). A 
changing climate (i.e. long term change in weather patterns) may also affect expectations on future returns to child 
labor in agricultural households.  

Conversely, households could respond to income shocks by deciding to have more children. This may be due to 
households viewing children as a source of less expensive labor where labor markets are incomplete (Cain 1981). 
Others find evidence that households exhibit a ‘family-bonding response’ to income or environmental shocks, 
which leads to a rise in fertility (Cohan & Cole 2012; Love, Rhodes et al 2012; Kesler et al 2006; D. Henry, Tolan 
& Gorman-Smith 2004).  

3. Data and Chadian Context 

Chad is situated on the convergence of three distinct climatological/geographical zones; the northern Saharan 
desert zone, the central arid steppes of the Sahelian zone and the southern green Soudanese zone. There is also a 
small part of the Guinean zone in the far south that is typified by a lot more rainfall than even the Soudanese zone. 
The Sahara is typified by low population growth, low rainfall, lack of agriculture and extreme heat. The Sahel, the 
largest of the three major zones, is semi-arid and perceived as extremely vulnerable to any change in weather 
variability (Potts et al 2012). Finally, the Soudan includes the more agriculturally fertile areas of Chad and is more 
susceptible to flooding because of a positive precipitation shock.  

Climate change since the early 1960’s has been typified (in Africa’s Sahel region) by rising temperatures and 
reduced precipitation. The Sahel, the semi-arid region that separates the desert Sahara zone and the green 
Soudanese zone, has especially witnessed extreme temperature rises and reductions in precipitation.  

Consequently, Chad has experienced a dramatic rise in the frequency of temperature and precipitation shocks 
(defined below) in the last several decades. Figure 1 plots the average number of growing season weather shocks 
across observed clusters. Here we see an increasing frequency of weather shocks during the period since 1960 
when warming has been detected in Chad. The frequency of shocks has especially grown since the mid 1990’s as 
the pace of Sahelian climate change has moved exponentially. From figure 1 we can see the increasing intensity 
of extreme weather variability caused by the advance of global climate change.  

 

Figure 1. Growing season temperature and precipitation shocks since 1970 

 

We examine the effect of temperature and precipitation shocks on community-level fertility rates in Chad. To do 
so, we employ climate data from the University of East Anglia’s Climate Research Unit (CRU) that provides high-
resolution gridded data drawn from weather satellites. The CRU data provide monthly mean, minimum, maximum 

 
Date
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and standard deviation for both temperature and precipitation at a 5-degree spatial resolution. We use monthly 
averages for all the 5-degree grids within Chad. When generating our weather shock variables, it is important that 
we purge them of spatial patterns that may be correlated with fertility. Geographic variation may be correlated 
with other important regional characteristics. For example, high rainfall areas may be wealthier or warmer areas 
may be more reliant on agriculture. If this is the case, then regressing fertility on observed weather conditions may 
result in a spurious association rather than a causal effect. To address this concern, we create temperature and 
precipitation z-scores by standardizing monthly averages based on month- and grid-specific average and standard 
deviation over the period of 1960 to 2015. This grid- and month-specific standardization will be orthogonal to the 
long-run means themselves as well as to expected seasonality in climate. Finally, we define temperature and 
precipitation shocks as z-scores that are either 2 standard deviations above or below what is expected for that grid 
in that month. In other words, we generate weather shock dummy variables equal to one if the z-score is less than 
-2 or greater than 2.  

We combine this weather information with household and fertility data from the 2014-2015 wave of the 
Demographic and Health Survey (DHS) in Chad commissioned by the U.S. Agency for International Development 
(USAID). The DHS contain rich information on female well-being and fertility making it an ideal vehicle for 
exploring the link between increased weather variability and human fertility. While four DHS surveys have been 
conducted in Chad, the 2014-15 survey is the only that includes GIS locations for surveyed households. We 
therefore restrict our analysis to this wave as it allows us to link our household data with our geocoded weather 
data. The data include 17, 719 women surveyed across 626 location clusters.  

We measure cluster-level fertility as the cluster-level birth rate. The DHS surveys ask sample women about each 
birth they experienced. From this we know the month and year of each birth for each woman. Using this 
information, we construct a variable capturing the month- and year-specific number of sampled births that 
happened in each cluster over our sample period. From this we construct a month- and year-specific birth rate for 
each cluster as the number of births divided by the cluster’s 2014-15 population. While we realize this variable 
fails to capture all births in each cluster, it should nonetheless capture variations in the birthrate across clusters and 
across time. Finally, we want to be sure that we are accurately capturing a representative sample of births for each 
year. We therefore exclude births that occurred prior to 1995. Women who gave birth prior to 1995 are more likely 
to be dead or past their reproductive years making them less likely to be sampled or have their birth histories taken. 
We then take the natural log of our constructed birth rate and use that as our main dependent variable of interest.  

In addition to numerous controls at the socio-economic controls, in our later analysis we also control for violence 
intensity and proximity. Chad, since independence, has known a significant degree of armed conflict. Since this 
conflict may create ‘noise’ in our analysis, we use data from the Uppsala Conflict Data Program maintained by the 
University of Uppsala, Sweden. We create a ‘Violence Index’ for each GIS cluster by dividing the number of deaths 
resulting from each conflict by the conflict’s distance from each of our sample clusters. We then use this variable 
as a control in our later analysis. After accounting for missing observations, we are left with 27,494 cluster-month-
year observations for 435 clusters.  
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Table 1. Cluster-level summary statistics across Chad’s ecological zones 

  Full Sample  Sahara  Sahel  Soudan  

  N=27,494  N=1,779    N=12,377    N=13,388 

Male-to-Female Sex Ratio  1.29 1.33 1.29 1.29 

  (0.83) (0.81) (0.83) (0.83) 

Negative temperature shock  0.00 0.00 0.00 0.00 

  (0.00) (0.00) (0.00) (0.00) 

Positive temperature shock  0.07 0.02 0.07 0.08 

  (0.26) (0.16) (0.26) (0.26) 

Negative precipitation shock  0.03 0.00 0.03 0.04 

  (0.18) (0.00) (0.18) (0.18) 

Positive precipitation shock  0.05 0.06 0.04 0.06 

  (0.23) (0.23) (0.21) (0.24) 

Average female education  3.44 3.66 3.38 3.47 

  (0.91) (1.20) (1.07) (0.67) 

Average female BMI  21.42 20.9 20.96 21.91 

  (1.88) (2.34) (2.06) (1.46) 

Rural  0.71 0.54 0.58 0.84 

  (0.46) (0.50) (0.49) (0.36) 

Average male out migration  0.37 0.59 0.48 0.24 

  (0.38) (0.41) (0.39) (0.31) 

Violence Index  0.05 0.05 0.06 0.04 

  (0.11) (0.04) (0.15) (0.04) 

Birthrate: sample births per 1000  1.05 3.54 0.76 0.18 

 

Table 1 reports summary statistics for our full sample, as well as for each of the Chadian main three ecological 
zones. On average, we observe less than one sample birth per 1000 in each cluster-month-year. The striking 
exception to this is the Sahara region, which experiences an average of 20.14 sample births per 1000 per month in 
each cluster over the sample period. Most of our sample (71%) is rural and this is intensified as most of our 
households reside in the more agricultural Soudan where over 80% of the sample is rural.  

Clusters were much more likely to experience a positive growing season temperature or precipitation shock than 
a negative one, with approximately 7% and 5% of our cluster-month-year observations experiencing a positive 
growing season temperature and precipitation shock, respectively. Only 3% of these observations experienced a 
negative growing season precipitation shock. The proportion experiencing a negative growing season temperature 
shock is negligible. In fact, since 1994 none of our sample cluster-month-year observations experienced a negative 
temperature shock. This highlights the extreme rise in temperature the country has experienced in recent decades.  

Cluster-level average female education is low at approximately 3.5 years indicating that the women in our sample 
likely left school at a young age on average, However, average female BMI is relatively healthy at around 22.2 
That said, we also see greater variation in average female BMI in Saharan and Sahelian clusters indicating pockets 
of deprivation in these zones. Sample households in the Sahara report much higher levels of male out migration 
than the other two zones. Cluster averages of the proportion of households reporting male out migration is 59% in 
the Sahara, 48% in the Sahel, and only 24% in the Soudan.  

 

 

                                                        
2 An individual is considered underweight if BMI is less than 18.5 and overweight if BMI is more than 24.  
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4. Empirical Strategy  

Table 2. Hypotheses Map 

 

 

To test these hypotheses, we develop four empirical models that utilize similar right hand side variables. One 
model with the natural log of the birth rate as the dependent variable, and the second with the male/female ratio 
as the dependent variable. We run these two models in the growing season and the dry season.  

In the following analysis we examine the effect of growing season temperature and precipitation shocks on 
cluster-level birthrates. In doing so, we distinguish between positive and negative shocks as they might hold 
different implications for fertility. We model the natural log of sample births per 1000 in cluster i, month m, and 
year y as follows:  

  = 0 + 1 neg  + 2 pos  + 3 pos  + 4  +  +  +  +    (1)  
Where neg  and pos  are equal to one if cluster i in month m and year y experienced a negative and 
positive precipitation shock, respectively, in the most recent growing season and zero otherwise. The primary 
growing season in Chad occurs during the months of June, July, and August. Similarly, pos  equals one if 
cluster i in month m and year y experienced a positive temperature shock in the most recent growing season and 
zero otherwise. We exclude negative growing season temperature shocks because none were experienced in our 
sample clusters during our sample period.  is a matrix of cluster-level controls and includes a rural indicator, 
average female education, average female BMI, average wealth strata, proportion of reported male out migration, 
and the violence index. , , and  are vectors of climate zone, month, and year fixed effects, respectively. We 
also include a vector of zone fixed effects to control for systematic differences across zones.  

After establishing a relationship between our weather shocks and cluster-level sample birthrates we then turn to 
exploring the mechanisms that may underlie this relationship. We first check to see if the relationship is due to the 
variation in fetal miscarriages due to weather shocks. Evidence points to a physiological process by which pregnant 

Hypotheses map 

 

 

Does increased weather 

variability have a negative effect 

on fertility?  

Is the negative effect on fertility 

driven by biological mechanisms, 

food security mechanisms, or 

malnutrition causing increased 

miscarriages? 

If we see the same negative effect 

on fertility in the dry season as 

the growing season, it suggests a 

biological mechanism.  

If we see an effect in the growing 

season that is not replicated in the 

dry season, it suggest a food 

security story.  

If the same shocks that cause a drop 

in fertility, affect the male/female 

ratio negatively, it suggests a female 

malnutrition/miscarriage channel.  
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women are more likely to miscarry male fetuses than female (Catalano 2003; Byrne et al, 1987). While we do not 
observe miscarriage rates, we do know the sex of each birth. If climate shocks result in increased rates of 
miscarriage, then we would expect this to affect the ratio of males to females being born. To explore this possibility, 
we estimate equation (1) with percentage male as the dependent variable.  

percmale  = 0 + 1 neg  + 2 pos  + 3 pos my + 4  +  +  +  +     (2)  

Where percmale  is the number of male births divided by to total births in i, month m, and year y. If we find that 

temperature and precipitation shocks affect the percentage of males, then this is at least suggestive that these shocks 

may be operating through a biological process. However, we would not know if that is due to shocks affecting 

spermatogenesis and ovulatory function or through affecting food security and in turn the nutritional status of 

women during pregnancy. One way to distinguish between these two mechanisms at least partly is to examine if 

temperature and precipitation shocks exert a similar effect on fertility and sex ratios if they are experienced during 

the dry season. We therefore model birth rate and sex ratio as a function of temperature and precipitation shocks 

experienced in the most recent dry seasons as follows:  

 = 0 + 1 neg  + 2 pos  + 3 pos  + 4  +  +  +  + 	  (3) 

 = 0 + 1Pneg my + 2Ppos  + 3 pos  + 4  +  +  +  +    (4) 
Where  and Ppos  are equal to one if a negative or positive precipitation shock was 
experienced in cluster i, month m, and year y, in the most recent dry season and pos  is equal to one if a 
positive temperature shock as experienced in the most recent dry season. Chad’s dry season occurs during the 
months of December, January, and February. All other right-hand-side variables are the same as in equation (1). 

If weather shocks exert a similar effect on fertility and sex ratio during the dry season as they do during the growing 
season, then it is likely that the relationship is due to the direct biological effect of weather on fertility and 
reproduction. However, if we find that the weather shocks do not exert an effect during the dry season, then it is 
likely that they are operating through the mechanisms of food security and socioeconomic factors.  

Finally, we further explore how these weather shocks may be operating on fertility by estimating equations (1)— 
(4) for each climate zone separately: the Sahara (desert) zone, the Sahel (semi-arid) zone, and the Soudan (greener) 
zone. This will not only help us to better understand the mechanisms driving our results but also allow us to 
extrapolate what these findings might mean for other regions across the continent with similar climates.  

5. Results  

Table 3 reports the estimated effect of growing season weather shocks on cluster-level sample birth rates. 
Specifically, we estimate the effect of a positive temperature shock or a positive or negative precipitation shock as 
there were no negative temperature shocks experiences over our sample area and period. Column 1 of Table 2 
reports results from simply regressing the log birth rate on the three shock variables as well as zone, month, and 
year fixed effects. Columns 2 and 3 iteratively add cluster-level controls. Experiencing any of the three specified 
weather shocks reduces the log of our sample birth rate by 0.29 to 0.51. Thus, in the face of a shock, households 
appear to be having less children. However, it is unclear if this is the result of households choosing to reduce 
fertility or households experiencing increased miscarriages due to these shocks.  
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Table 3. Effect of growing season temperature and precipitation shocks on sample birth rate 

   ln(Birth Rate)  ln(Birth Rate)  ln(Birth Rate)  

   (1) (2) (3) 

Positive temperature shock  -0.5084***  -0.3096*** -0.2947*** 

  (0.047) (0.040) (0.040) 

Negative precipitation shock  -0.5020***  -0.1225***  -0.1262***  

  (0.052) (0.045) (0.044) 

Positive precipitation shock  -0.3699***  -0.1231***  -0.1630***  

  (0.05) (0.04) (0.04) 

Cluster average wealth strata    -0.7886***  -0.7238***  

    (0.010) (0.010) 

Cluster average female education    -0.1205***  -0.1028***  

    (0.008) (0.008) 

Rural    -0.4988***  -0.6152***  

    (0.024) (0.024) 

lnviolindex      -0.0734***  

      (0.016) 

Average female BMI      -0.1166***  

      (0.005) 

Proportion of male out migration      0.0761***  

      (0.020) 

Sahel Ecological Zone  -3.0673***  -3.1028***  -3.0642***  

  (0.036) (0.031) (0.031) 

Soudan Ecological Zone  -3.4496***  -3.9314***  -3.7099***  

  (0.036) (0.031) (0.032) 

Constant  0.5706***  4.0262***  5.8878***  

  (0.072) (0.079) (0.141) 

Birth Year Fixed Effects  Y  Y  Y  

Birth Month Fixed Effects   Y  Y  Y  

Observations  27,494 27,494 27,494 

R-squared  0.269 0.467 0.48 

Standard errors in parentheses  

*** p<0.01, ** p<0.05, * p<0.1  

 

To explore whether the relationship between weather shocks and birth rate reported in Table 3 is the result of 
increased miscarriages, we then regress the month- and year-specific male-to-female sample sex ratio for each 
cluster on our growing season climate shocks. Evidence indicates that male fetuses are more likely to miscarry 
than female. Therefore, if the findings of Table 2 are due to increased miscarriages, then we should see this 
reflected in a reduced sex ratio. These findings are reported in Table 4.  
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Table 4. Effect of growing season temperature and precipitation shocks on male to female sex ratio 

   Sex Ratio  Sex Ratio  Sex Ratio  

  (1) (2) (3) 

Positive temperature shock  -0.0606**  -0.0612**  -0.0602** 

  (0.03) (0.03) (0.03) 

Negative precipitation shock  0.0266 0.0272 0.0279 

  (0.03) (0.03) (0.03) 

Positive precipitation shock  -0.0123 -0.0134 -0.0113 

  (0.03) (0.03) (0.03) 

Cluster average wealth strata    0.01 0.0077 

    (0.01) (0.01) 

Cluster average female education    -0.0082 -0.0086 

    (0.01) (0.01) 

Rural    0.0359**  0.0403**  

    (0.02) (0.02) 

lnviolindex      0.0067 

      (0.01) 

Average female BMI      0.0041 

      (0.00) 

Average male out migration      0.0037 

      (0.01) 

Sahel Ecological Zone  -0.0379*  -0.0414**  -0.0429**  

  (0.02) (0.02) (0.02) 

Soudan Ecological Zone  -0.0362*  -0.0411*  -0.0464**  

  (0.02) (0.02) (0.02) 

Constant  1.3947***  1.3710***  1.3191***  

  (0.04) (0.06) (0.10) 

Birth Year Fixed Effects  Y  Y  Y  

Birth Month Fixed Effects   Y  Y  Y  

Observations  27,494 27,494 27,494 

R-squared  0.003 0.003 0.003 

Standard errors in parentheses  

*** p<0.01, ** p<0.05, * p<0.1  

 

According to the results reported in Table 4, neither positive nor negative precipitation shocks statistically 
significantly affect the percentage of males. However, experiencing a positive temperature shock in the most recent 
growing season reduces the percentage male by approximately 0.06. This is indicative that positive temperature 
shocks may increase the number of miscarriages in our sample. This suggests that at least part of the influence of 
weather shocks on fertility operates through a biological effect. This is consistent with evidence pointing to 
extreme heat as an increased risk factor for miscarriage (Catalino 2003; Byrne et al, 1987).  

To further explore what may be driving these findings, we exploit climate differences across Chad’s three distinct 
ecological zones: the Sahara, the Sahel, and the Soudan. Tables 5 and 6 report the effect of growing season 
temperature and precipitation shocks on the sample birth rate and sex ratio of each of these three zones, respectively.  
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Table 5. Effect of growing season temperature and precipitation shocks on sample birth rate across ecological 
zones 

   Sahara Sahel Soudan 

   (1) (2) (3) 

Positive temperature shock  -0.4685 -0.3791*** -0.0117 

  (0.316) (0.056) (0.062) 

Negative precipitation shock  -  -0.1856***  0.1464***  

  -  (0.068) (0.045) 

Positive precipitation shock  0.2985 -0.2160***  -0.0157 

  (0.259) (0.065) (0.038) 

Cluster average wealth strata  -1.1255***  -0.9166***  -0.7224***  

  (0.058) (0.014) (0.015) 

Cluster average female education  0.2885***  -0.1056***  -0.1521***  

  (0.043) (0.011) (0.013) 

Rural  1.3886***  -0.6801***  -1.5947***  

  (0.100) (0.033) (0.036) 

lnviolindex  -1.0349***  -0.1351***  0.1288**  

  (0.244) (0.021) (0.053) 

Average female BMI  0.0192 -0.1320***  -0.0940***  

  (0.024) (0.007) (0.006) 

Average male out migration  -0.8177***  0.2242***  -0.0522**  

  (0.120) (0.028) (0.025) 

Constant -3.1905**  3.4850***  3.6178***  

  (1.543) (0.199) (0.260) 

Birth Year Fixed Effects  Y  Y  Y  

Birth Month Fixed Effects  Y  Y  Y  

Observations  1,779 12,377 13,338 

R-squared  0.297 0.463 0.247 

Standard errors in parentheses  

*** p<0.01, ** p<0.05, * p<0.1  

 

What is immediately striking in Table 5 is that much of our reported effect of weather shocks on the sample birth 
rate is driven by clusters found in the Sahel. The measured weather shocks exert a robust and highly significant 
negative effect on cluster sample birth rates in the Sahel.  

Additionally, looking at the R-squared, the Sahelian model explains 55% and almost 90% more of sample birth 
rate variation than it does for the Sahara and Soudan, respectively. The increased unpredictability of weather in 
this region-in addition to reliance on rainfed agriculture-likely results in a more marked sensitivity to weather 
variability. Table 6 reports the effect of weather shocks on zone-specific male-to-female sex ratios. The Sahel is 
also the only region where percentage male is sensitive to weather shocks. Consistently, a positive temperature 
shock reduces the percentage male, suggesting an increase in miscarriage rates. A negative precipitation shock, on 
the other hand, increases the percentage male suggesting a reduction in miscarriages. It is possible that a negative 
rainfall shock is associated with reduced flooding and an improved disease environment. However, we must be 
cautious in this interpretation as we cannot test for it.  
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Table 6. Effect of growing season temperature and precipitation shocks on male to female sex ratio across 
ecological zones 

   Sahara  Sahel  Soudan  

   (1) (2) (3) 

Positive temperature shock  0.1181 -0.0930** -0.0587 

  (0.134) (0.039) (0.059) 

Negative precipitation shock     0.0840*  -0.0153 

   (0.047) (0.043) 

Positive precipitation shock  0.0057 -0.009 -0.0294 

  (0.110) (0.045) (0.036) 

(mean) wealthstrata  0.0428*  0.0026 0.007 

  (0.024) (0.009) (0.014) 

Average female education  -0.0288 -0.0122*  0.0107 

  (0.018) (0.007) (0.012) 

Rural  0.0309 0.0189 0.0593*  

  (0.042) (0.023) (0.034) 

lnviolindex  -0.0101 -0.0002 -0.0226 

  (0.104) (0.014) (0.051) 

Average female BMI  0.0001 0.0036 0.0033 

  (0.010) (0.005) (0.006) 

Average male out migration  0.0332 0.0198 -0.0165 

  (0.051) (0.019) (0.024) 

Constant  1.0551 1.2768***  1.1221***  

  (0.653) (0.138) (0.246) 

Birth Year Fixed Effecs  Y  Y  Y  

Birth Month Fixed Effects  Y  Y  Y  

Observations  1,779 12,377 13,338 

R-squared  0.027 0.005 0.004 

Standard errors in parentheses  

*** p<0.01, ** p<0.05, * p<0.1  

 

In Tables 5 and 6, we see no statistically significant effect of positive temperature or precipitation shocks on the 
birth rate or percentage male in the desert region of the Sahara. The Sahara did not experience a negative 
precipitation shock during the sample period. Similarly, the weather shocks do not statistically, significantly affect 
the percentage male in the Soudan. Interestingly, a negative growing season precipitation shock in the Soudan 
exerts a statistically significant positive effect on cluster sample birth rates. The Soudan is a greener, agriculturally 
rich environment and is more prone to flooding than other areas of Chad. Therefore, a negative growing season 
precipitation shock may affect agricultural labor and/or output and in this way affect fertility decisions. Yet, again, 
we cannot test for this explanation, so we must be cautious.  

Having established that the growing season weather shocks have a significant negative effect on fertility—an effect 
that appears to be particularly salient in the Sahel region of Chad, we are now interested in the extent that this 
effect is the result of weahter’s effect on reproductive function versus food security/socio-economic well-being. 
We, therefore, regress sample birth rates and sex ratio on dry season climate shocks rather than growing season 
climate shocks. We do not have enough dry season variation in precipitation shock and therefore focus only on dry 
season temperature shocks. If the effect of weather on fertility and sex ratio is due to its direct effect on reproductive 
function, then we should expect to see similar effects in the dry season as we do in the growing season. If it is 
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primarily due to an effect on food security, we would not expect to observe the same effects in the dry season.  

 

Table 7. Effect of dry season temperature shocks on sample birth rate across ecological zones 

   Sahara  Sahel  Soudan  

   (1) (2) (3) 

Positive Dry Season Temperature Shock  0.1818 0.0884 -0.069 

  (0.224) (0.056) (0.051) 

Negative Dry Season Temperature Shock  -1.6708 -0.3807***  0.2744***  

  (1.383) (0.126) (0.073) 

Cluster average wealth strata  -1.1316***  -0.9251***  -0.7178***  

  (0.058) (0.014) (0.015) 

Cluster average female education  0.2942***  -0.1033***  -0.1501***  

  (0.043) (0.011) (0.013) 

Rural  1.3682***  -0.6844***  -1.5833***  

  (0.099) (0.033) (0.036) 

lnviolindex  -1.1104***  -0.0821***  0.1191**  

  (0.239) (0.020) (0.051) 

Average female BMI  0.0187 -0.1360***  -0.0944***  

  (0.024) (0.007) (0.006) 

Average male out migration  -0.8121***  0.2268***  -0.0526**  

  (0.121) (0.028) (0.025) 

Constant  -3.6034**  3.7898***  3.5572***  

  (1.519) (0.196) (0.252) 

Birth Year Fixed Effecs  Y  Y  Y  

Birth Month Fixed Effects  Y  Y  Y  

Observations  1,779 12,377 13,338 

R-squared  0.297 0.461 0.246 

Standard errors in parentheses  

*** p<0.01, ** p<0.05, * p<0.1  

 

Tables 7 and 8 report the effect of dry season temperature shocks on sample birth rates and sex ratio, respectively, 
for each of the individual ecological zones. Temperature shocks in the Sahara do not exert a statistically significant 
effect on the birth rate. Negative dry season temperature shocks reduce sample birth rates in the Sahel but increases 
them in the Soudan. However, these effects are likely due to behavioral responses as the dry season temperature 
shock do not exert a statistically significant effect on the sex ratio in any of the regions. There are opposite effects 
on the sample birth rates of the Sahel and Soudan. The estimated weather shock effects for the dry season appear 
to substantively differ from those for the growing season. This indicates the robust negative effects of growing 
season temperature and precipitation shocks on fertility in the Sahel is likely in part due to their effect on food 
security and/or socio-economic factors.  
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Table 8. Effect of dry season temperature shocks on male to female sex ratio across ecological zones 

   Sahara  Sahel  Soudan  

   (1) (2) (3) 

Positive Dry Season Temperature Shock  -0.1496 -0.0419 -0.0447 

  (0.095) (0.038) (0.049) 

Negative Dry Season Temperature Shock  0.5488 0.1205 -0.0266 

  (0.585) (0.087) (0.069) 

Cluster average wealth strata  0.0472*  0.0014 0.0046 

  (0.024) (0.009) (0.014) 

Cluster average female education  -0.0287 -0.0113 0.0091 

  (0.018) (0.007) (0.012) 

Rural  0.0358 0.018 0.0544 

  (0.042) (0.023) (0.034) 

lnviolindex  -0.0212 0.007 -0.0011 

  (0.101) (0.014) (0.049) 

Average female BMI  -0.0013 0.003 0.0039 

  (0.010) (0.005) (0.006) 

Average male out migration  0.0206 0.019 -0.0197 

  (0.051) (0.019) (0.024) 

Constant  1.0103 1.3242***  1.2121***  

  (0.643) (0.135) (0.239) 

Birth Year Fixed Effecs  Y  Y  Y  

Birth Month Fixed Effects  Y  Y  Y  

Observations  1,779 12,377 13,338 

R-squared  0.029 0.004 0.004 

Standard errors in parentheses  

*** p<0.01, ** p<0.05, * p<0.1  

 

To return to our hypotheses map. Our weather shocks have a generally negative significant effect on the fertility 
rate in the Chadian growing season that is not replicated in the dry season. Furthermore, the positive temperature 
shocks have a negative effect on the male/female ratio that confirms that the significant negative effect is being 
driven by some sort of food security channel. Clearly, female miscarriages are a biological channel, but in this 
case, we think it is driven by increased female malnutrition. 

6. Conclusion  

In this paper we examine the effect of precipitation and temperature shocks on fertility in Chad. We find a 
significant negative effect of these shocks on cluster-level birth rates. This effect is particularly salient in the semi-
arid Sahel region and appears to be partially explained by the effect of weather variability on food security and 
reproductive health.  

Much of the literature shows that fertility responds to weather disasters by way of a significant rise. However, this 
assumes a level of mortality related to the weather disaster which fits in with the ‘children as an insurance 
mechanism’ hypothesis for the response to mortality shocks in the developing world. This negative response to the 
extreme weather variability caused by climate change is a new strand in attempting to understand the non-mortality 
related effects of climate change on fertility.  

This proposed negative effect on fertility through climate change would cause there to be a reevaluation of mid-
21st century demographic projections in areas of the developing world that are significantly affected by climate 
change. The population of Chad in 2017 is 14, 900, 000 and is projected to rise to 33, 636, 000 by 2050 (UN WPP 
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2017). These projections assume a population growth rate of 3.04% or a total fertility rate of 6.3 children per 
women (UN estimate) or 6.4 (DHS 2014-15 estimate).  

 

Figure 2. The African Sahel Region: Population Reference Bureau 

 

The population of the G5 of Sahelian nations (Burkina Faso, Mali, Mauritania, Chad, and Niger) is projected to 
double between 2020 and 2040, a rise from a population of eighty million to one hundred and sixty million people 
(Pradelle 2019). This assumption of the future growth rate does not consider the effects of climate change in the 
Sahel region of Africa, but more particularly in the Sahelian regions of each of these countries.  

We are not able to extrapolate from our results to the projected drop-in total fertility rate as that would need 
demographic expertise that is beyond the scope of this paper. However, the fact that the extreme weather shocks 
created by advancing climate change lead to decreases in fertility, suggests that any assumptions about the Chadian 
population growth rate must consider this ‘climate effect’. We must assume that this ‘climate effect’ will intensify 
with the increasing trajectory of Chadian and wider Sahelian climate change.  

Finally, though some may see the revision of Sahelian demographic predictions as a good thing, the harsh 
mechanisms by which this may happen are a categorically negative. This suggests that the Sahel requires greater 
input in its struggle to adapt to the effects of a global climate change that it did little to create.  

References  

Abidoye, B. O., & Odusola, A. F. (2015). Climate Change and Economic Growth in Africa: An Econometric 
Analysis. Journal of African Economies, 24(2), 277–301. https://doi.org/10.1093/jae/eju033 

Adachi, K., Nielsen-Saines, K., & Klausner, J. D. (2016). Chlamydia trachomatis Infection in Pregnancy: The 
Global Challenge of Preventing Adverse Pregnancy and Infant Outcomes in Sub-Saharan Africa and Asia. 
BioMed Research International, 1–21. https://doi.org/10.1155/2016/9315757 

Alagidede, P., Adu, G., & Frimpong, P. B. (2016). The effect of climate change on economic growth: evidence 
from Sub-Saharan Africa. Environmental Economics and Policy Studies, 18(3), 417–436. 
https://doi.org/10.1007/s10018-015-0116-3 

Becker, S., Chowdhury, A., & Leridon, H. (1986). Seasonal Patterns of Reproduction in Matlab, Bangladesh. 
Population Studies, 40(3), 457–472. https://doi.org/10.1080/0032472031000142356 



jsd.ccsenet.org Journal of Sustainable Development Vol. 16, No. 1; 2023 

15 
 

Black, R., Kniveton, D., Skeldon, R., Coppard, D., Murata, A., & Schmidt-Verkerk, K. (n.d.). Demographics and 
Climate Change: Future Trends and their Policy Implications for Migration, 83.  

Boserup, E. (1985). Economic and Demographic Interrelationships in sub-Saharan Africa. Population and 
Development Review, 11(3), 383. https://doi.org/10.2307/1973245 

Chad 2014-15. (2016). Studies in Family Planning, 47(4), 385–394. https://doi.org/10.1111/%28ISSN%291728-
4465/issues 

Chaudhury, R. H. (1972). Socioeconomic and seasonal variations in births: A replication. Social Biology, 19(1), 
65–68. https://doi.org/10.1080/19485565.1972.9987967 

Cooper, R. N., Houghton, J. T., McCarthy, J. J., & Metz, B. (2002). Climate Change 2001: The Scientific Basis. 
Foreign Affairs, 81(1), 208. https://doi.org/10.2307/20033020 

Das Gupta, M. (2014). Population, Poverty, and Climate Change. The World Bank Research Observer, 29(1), 83–
108. https://doi.org/10.1093/wbro/lkt009 

Galor, O., & Weil, D. N. (2000). Population, Technology, and Growth: From Malthusian Stagnation to the 
Demographic Transition and Beyond. American Economic Review, 90(4), 806–828. 
https://doi.org/10.1257/aer.90.4.806 

Gardner, A. (2009). Adaptation as organism design. Biology Letters, 5(6), 861–864. 
https://doi.org/10.1098/rsbl.2009.0674 

Gemenne, F. (2011). Why the numbers don’t add up: A review of estimates and predictions of people displaced by 
environmental changes. Global Environmental Change, 21, S41–S49. 
https://doi.org/10.1016/j.gloenvcha.2011.09.005 

Gluckman, P. D., Hanson, M. A., & Spencer, H. G. (2005). Predictive adaptive responses and human evolution. 
Trends in Ecology & Evolution, 20(10), 527–533. https://doi.org/10.1016/j.tree.2005.08.001 

Gregory Casey et al 2019 Environ. Res. Lett. 14 054007. 

Guengant, J.-P., & May, J. F. (2013). African Demography. Global Journal of Emerging Market Economies, 5(3), 
215–267. https://doi.org/10.1177/0974910113505792 

Hampshire, K., & Randall, S. (2000). Pastoralists, agropastoralists and migrants: Interactions between fertility and 
mobility in northern Burkina Faso. Population Studies, 54(3), 247–261. https://doi.org/10.1080/713779098 

HM Treasury, e-C. T. (n.d.). Stern Review on the Economics of Climate Change. Retrieved July 18, 2018, from 
http://webarchive.nationalarchives.gov.uk/+/http://www.hmhttp://webarchive.nationalarchives.gov.uk/+/http
:/www.hm-treasury.gov.uk/sternreview_index.htmtreasury.gov.uk/sternreview_index.htm 

Huang, C., Phillips, M. R., Zhang, Y., Zhang, J., Shi, Q., Song, Z., … Martorell, R. (2013). Malnutrition in early 
life and adult mental health: Evidence from a natural experiment. Social Science & Medicine, 97, 259–266. 
https://doi.org/10.1016/j.socscimed.2012.09.051 

Kestenbaum, B. (1987). Seasonality of birth: Two findings from the decennial census. Biodemography and Social 
Biology, 34(3–4), 244–248. https://doi.org/10.1080/19485565.1987.9988679 

Laczko, F., & International Organization for Migration (Eds.). (2009). Migration, environment and climate change: 
assessing the evidence. Geneva: Internat. Organization for Migration.  

Lam, D. A., & Miron, J. A. (1996). The Effects of Temperature on Human Fertility. Demography, 33(3), 291. 
https://doi.org/10.2307/2061762 

Le, T. T. H. (2016). Effects of Climate Change on Rice Yield and Rice Market in Vietnam. Journal of Agricultural 
and Applied Economics, 48(04), 366–382. https://doi.org/10.1017/aae.2016.21 

Levine, M., Milliron, A., & Duffy, L. (1994). Diurnal and seasonal rhythms of melatonin, cortisol and testosterone 
in interior Alaska. Arctic Medical Research, 53(1), 25–34.  

Lobell, D. B., & Burke, M. (2009). Climate Change and Food Security: Adapting Agriculture to a Warmer World. 
Springer Science & Business Media.  

Lumey, L. H., & Stein, A. D. (1997). In utero exposure to famine and subsequent fertility: The Dutch Famine Birth 
Cohort Study. American Journal of Public Health, 87(12), 1962–1966. 
https://doi.org/10.2105/AJPH.87.12.1962 

Lutz, W., & Striessnig, E. (2015). Demographic aspects of climate change mitigation and adaptation. Population 



jsd.ccsenet.org Journal of Sustainable Development Vol. 16, No. 1; 2023 

16 
 

Studies, 69(sup1), S69–S76. https://doi.org/10.1080/00324728.2014.969929 

Mahmood, R., Saleemi, S., & Amin, S. (n.d.). Impact of Climate Change on Electricity Demand: A Case Study of 
Karachi District, 12.  

Nobles, J., Frankenberg, E., & Thomas, D. (2015). The Effects of Mortality on Fertility: Population Dynamics 
After a Natural Disaster. Demography, 52(1), 15–38. https://doi.org/10.1007/s13524-014 

Ostrom, E. (1990). Governing the Commons: The Evolution of Institutions for Collective Action. Cambridge 
University Press.  

Partridge, M. D., Feng, B., & Rembert, M. (2017). Improving Climate-Change Modeling of US Migration. 
American Economic Review, 107(5), 451–455. https://doi.org/10.1257/aer.p20171054 

Pasamanick, B., Dinitz, S., & Knobloch, H. (1960). Socio-Economic and Seasonal Variations in Birth Rate (Vol. 
38). https://doi.org/10.2307/3348689 

Potts, M., Henderson, C., & Campbell, M. (2013). The Sahel: A Malthusian Challenge? Environmental and 
Resource Economics, 55(4), 501–512. https://doi.org/10.1007/s10640-013-9679-2 

Pradelle, J.-M. (2020). Retrieved from https://ideas4development.org/en/population-growth-sahel-challenge-
generation/ 

Remoff, H. (2016). Malthus, Darwin, and the Descent of Economics: Malthus, Darwin, and the Descent of 
Economics. American Journal of Economics and Sociology, 75(4), 862–903. 
https://doi.org/10.1111/ajes.12158 

Richards, T. (1983). Weather, Nutrition, and the Economy: Short-Run Fluctuations in Births, Deaths, and 
Marriages, France 1740-1909. Demography, 20(2), 197. https://doi.org/10.2307/2061235 

Robert L. Trivers, & Dan E. Willard. (1973). Natural Selection of Parental Ability to Vary the Sex Ratio of 
Offspring. Science, New Series, 179(4068), 90–92.  

Salas, J. M. I. (n.d.). Typhoons, child mortality, and excess fertility in a disaster-prone country, 48.  

Sarah Chapman et al 2022 Environ. Res. Lett. 17 74028. 

Scholte, R. S., van den Berg, G. J., & Lindeboom, M. (2015). Long-run effects of gestation during the Dutch 
Hunger Winter famine on labor market and hospitalization outcomes. Journal of Health Economics, 39, 17–
30. https://doi.org/10.1016/j.jhealeco.2014.10.002 

Socio-Economic and Seasonal Variations in Birth Rate. (n.d.). Retrieved October 1, 2018, from 
https://www.researchgate.net/publication/9104471_Sociohttps://www.researchgate.net/publication/9104471
_Socio-
Economic_and_Seasonal_Variations_in_Birth_RateEconomic_and_Seasonal_Variations_in_Birth_Rate 

The Population Reference Bureau. Retrieved from https://www.prb.org/resources/demographic-challenges-of-the-
sahel/ 

van der Land, V., & Hummel, D. (2013). Vulnerability and the Role of Education in Environmentally Induced 
Migration in Mali and Senegal. Ecology and Society, 18(4). https://doi.org/10.5751/ES-05830 

Warren, C. W., & Tyler, C. W. (1979). Social status and season of birth: A study of a metropolitan area in the 
southeastern United States. Social Biology, 26(4), 275–288. https://doi.org/10.1080/19485565.1979.9988386 

WFP2017_Highlights.pdf. (n.d.). Retrieved from 
http://www.un.org/en/development/desa/population/publications/pdf/family/WFP2017_Highlights.pdf 

WHO | Contraceptive prevalence. (n.d.). Retrieved July 19, 2018, from 
http://www.who.int/reproductivehealth/topics/family_planning/contraceptive_prevalence/en/  

Yang, S., & Shumway, C. R. (n.d.). Dynamic Adjustment in U.S. Agriculture under Climate Uncertainty, 32.  

 

Copyrights 
Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 

 


