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Abstract

The Policy Research Working Paper Series disseminates the findings of work in progress to encourage the exchange of ideas about development 
issues. An objective of the series is to get the findings out quickly, even if the presentations are less than fully polished. The papers carry the 
names of the authors and should be cited accordingly. The findings, interpretations, and conclusions expressed in this paper are entirely those 
of the authors. They do not necessarily represent the views of the International Bank for Reconstruction and Development/World Bank and 
its affiliated organizations, or those of the Executive Directors of the World Bank or the governments they represent.

Policy Research Working Paper 7081

This paper is a product of the Poverty Global Practice Group. It is part of a larger effort by the World Bank to provide 
open access to its research and make a contribution to development policy discussions around the world. Policy Research 
Working Papers are also posted on the Web at http://econ.worldbank.org. The authors may be contacted at crodriguezc@
worldbank.org and jazevedo@worldbank.org.  

Poor health at birth has negative long-run effects on 
individual well-being and is also detrimental for intergen-
erational mobility. This paper examines whether health 
outcomes at birth are affected by in utero increased expo-
sure to rainfall and temperature shocks in Colombia, one 
of the countries in the world with the highest incidence 
of extreme weather events per year. The paper uses a fixed 
effects design to gauge the causal effect using variation in 
fetal exposure to these shocks by municipality and date of 
birth. The analysis finds negative effects of temperature 

shocks on birth health outcomes and no effect of rain-
fall shocks. The results indicate that heat waves lead to a 
0.5 percentage point reduction in the probability of being 
born at full term and a decline of 0.4 percentage point 
in the probability of newborns classified as healthy. The 
timing of exposure to the shock matters and it matters dif-
ferently for different outcomes. These findings are critical 
to prioritize responses to counteract the negative effects of 
weather, particularly hot shocks, which are projected to 
become more frequent and intense with changing climate. 
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1. Introduction 
 
Poor health at birth has large long-run effects on individual well-being. Poor health at birth adversely 

affects health in childhood and adulthood (Almond et al., 2005; Black et al., 2007, Alderman et al., 

2006; Almond, 2006) and educational outcomes (Behrman and Rosenzweig 2004; Glewwe et al., 

2001).  Poor health at birth is also detrimental for intergenerational mobility because its impacts on 

health and educational outcomes lead to reduced earnings (Case and Paxson, 2008; Duflo, 2001), 

and low-income parents are more likely to have health-ill children (Case and Paxson, 2006). 

Therefore, identifying shocks that affect health at birth is of particular interest to researchers and 

policy makers. One intriguing hypothesis is that health outcomes at birth can be affected by extreme 

weather events, which are often cited as the most important risk factor faced by rural households 

(Giné, Townsend and Vickers, 2008). 

 

This paper investigates the impact of exposure to extreme weather events while in utero on birth 

outcomes in rural Colombia over the period 1999-2008. Weather-related shocks can affect child 

health in rural areas if they affect the consumption of food and other nutrition and health inputs. 

This occurs, for example, if the shocks affects households’ real income either through price changes 

or through profits from prolific or lean harvests (Hoddinott 2006; Conroy et al., 2011). Extreme 

weather events can also affect child health and behaviors by increasing stress levels of the pregnant 

mother in an unpredictable and unusual way (Shore et al., 1986, Maida, 1989, Dunkel-Schetter, 

2011).  Finally, weather events can have consequences on the health of pregnant mothers and their 

offspring by creating changing environments that lead to faster (or slower) spread of diseases 

(Aguilar and Vicarelli, 2011).   

 

Colombia is one of the countries with the highest incidence of extreme weather events, which have 

also increased considerably in the last three decades. According to the Global Climate Risk Index, in 

2010 Colombia was the third most affected country by the impacts of weather-related loss events 

(storms, floods, heat waves, etc.), just behind Pakistan and Guatemala (Germanwatch, 2012).  

Moreover, the number of disaster events registered in the decade of the 2000s in Colombia has 

increased more than 60 percent with respect to the decade of the 1970s (World Bank, 2012). 

Colombia is particularly exposed to rainfall and temperature shocks. The exposure level distribution 

in the country indicates that 28 percent of the territory has high flooding potential (World Bank, 
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2012). Temperature records in Colombia also vary widely year to year (Catarious and Espach, 2009). 

Hydro-meteorological patterns in Colombia are affected by ENSO, a recurrent climatic event that 

takes place between every two and seven years due to temperature changes in the Pacific Ocean. 

ENSO oscillates between its two extremes: El Niño (warm event) and La Niña (cold event) causing 

extreme weather events such as droughts, floods and heat waves.6 According to a recent World Bank 

report, between 1950 and 2011 there were 15 El Niño episodes and 13 La Niña. With changing 

climate, El Niño and La Niña phenomena, the associated droughts and floods and the incidence of 

very high and low temperatures will become even more frequent and intense, affecting 80 percent of 

Colombians who live in areas highly vulnerable to climate change (Catarious and Espach, 2009).7  

 

Our paper contributes to a growing economics literature that analyzes how outcomes at birth are 

affected by shocks in utero.8 This literature is generally limited to examining the effects of stress-

related shocks or shocks that affect maternal nutrition on weight at birth or gestational length, 

leaving unanswered the potential for effects on other measures of health at birth. The effect of 

natural disasters on weight at birth and gestational length is mixed. Exposure during pregnancy to a 

range of natural disasters in the US or a hurricane in Texas has little to no effect on birth weight or 

preterm birth (Simeonova, 2009, Currie and Rossin-Slaterc, 2013), but exposure to the worst shaking 

of the 2005 earthquake in Chile negatively affected both weight and the likelihood of birth at term 

(Torche, 2011).  Birth weight (or normal birth weight) is also negatively affected by exposure to 

Ramadan among Arab mothers (Almond and Mazumder, 2011) or by other types of stress related 

shocks, such as conflict-related deaths in West Gaza (Mansour and Rees, 2011), exposure to 

landmine explosions in Colombia (Camacho, 2008) and exposure to the September 11th, 2001 

attacks in New York City (Eccleston, 2011). The attacks in New York and the explosions in 

Colombia also had a small, adverse effect on gestational length.  

 

                                                           
6 El Niño events and the associated droughts take place when temperatures in the Pacific Ocean become warmer than usual, while La 
Niña event and the associated flooding occurs when temperatures in the Pacific Ocean get colder than usual.   
7 These effects of climate change add to the global warming trend and the changes in precipitation levels registered in Colombia and 
throughout the globe. In Colombia, the average temperature increased at a rate of 0.1 to 0.2 °C per decade since 1961 and the 
precipitation patterns have both increased and decreased, depending on the region (Catarious and Espach, 2009).    
8 A related stream of the literature has analysed the effects of a range of fetal shocks and conditions on outcomes later on in life. The 
motivation for these studies is the “fetal origins” hypothesis by David J. Barker, which posits that circumstances in utero can have long-
lasting impacts on future disease. Expanding on this hypothesis, economists have found a wealth of later-life impacts of prenatal 
shocks and conditions including test scores, educational attainment and income, along with health. For a review of this literature see 
Almond and Currie (2011).  
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This paper makes two contributions to the literature exploring how outcomes at birth are affected by 

prenatal shocks. First, rather than considering occasional shocks, we consider the effects of extreme 

weather shocks, whose incidence and frequency are increasing as a result of climate change (IPCC, 

2007). Second, we examine the effects of weather shocks on weight and gestational length, but 

expand the analysis to other birth outcomes. Two of the aforementioned studies examined the 

effects on other outcomes and found detrimental effects: the 2001 New York attacks lowered the 

five minute Apgar score, which is a summary measure of the newborn’s health based on her 

Appearance, Pulse, Grimace, Activity and Respiration (Eccleston, 2011) and the hurricane in Texas 

increased the probability of abnormal conditions of the newborn such as being on a ventilator more 

than 30 minutes (Currie and Rossin-Slaterc, 2013). These studies pertain to particular regions in the 

U.S., but our study is in a developing country setting and we use administrative, nationally 

representative birth records, which enhances the external validity of our findings. 

 

Ours is not the first study looking at the wellbeing impact of weather shocks, but it is the first one 

considering fetal exposure to both extremes of rainfall (drought or flood) and temperature 

(extremely cold or hot) focusing on health outcomes at birth in a developing country context. Past 

empirical literature in this area focuses on the effects of after-birth exposure to one type of weather 

shock on outcomes in childhood and adulthood.  This literature has found that excess rainfall during 

the first two years of life improves the survival probabilities of children in rural India (Rose, 1999), 

but has detrimental effects on children’s height, weight, language capacities and cognitive 

development in rural Mexico (Aguilar and Vicarelli, 2011; Conroy et al. 2011).  Positive rainfall 

shocks at birth improve the health, educational attainment and labor market outcomes of women in 

rural Indonesia, but not of men (Maccini and Yang, 2009). Exposure to a drought leads to growth 

faltering in childhood in Zimbabwe only if experienced in the second year of life (Hoddinott and 

Kinsey, 2001; Hoddinott, 2006), but has no effect on height-for-age among children in rural Mexico 

(Conroy et al. 2011).  High temperature days increase annual mortality, particularly among rural 

populations in India (Burgess et al., 2014). Both extremely cold and hot days lead to higher age-

adjusted mortality rates in the U.S., but have no effect on infant mortality in the U.S. (Deschênes and 

Moretti, 2009; Deschênes and Greenstone, 2011) or on children’s height-for-age in rural Mexico 

(Conroy et al., 2011). The effects of weather shocks experienced by pregnant women on the health 

of their offspring are less explored by this literature. 
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This paper contributes to the strand of the economics literature analyzing the effects of weather 

shocks by focusing on exposure during the gestational period on health outcomes at birth. Existing 

literature looking at the health effects of weather shocks while in utero has found no effects of 

excess rainfall on children’s height and weight in rural Mexico (Aguilar and Vicarelli, 2011; Conroy et 

al. 2011) or on adult height in rural Indonesia (Maccini and Yang, 2009).  However, a drought in an 

arid African area has been shown to increase malnutrition and mortality for children under the age 

of 12 months (Kudamatsu et al, 2012). Rather than analyzing the effects of weather shocks in utero 

on outcomes in childhood and adulthood, we focus on outcomes at birth. One related study shows 

that exposure to extreme hot temperatures during the second and third trimester of pregnancy leads 

to small reductions in birth weight (7 to 11 grams) in the U.S. (Deschênes et al., 2011). A second 

(unpublished) study provides evidence that a negative rainfall shock one year before birth worsens 

health at birth in the semiarid region of Northeastern Brazil; a 31% decrease in rainfall reduces birth 

weight by 1.9 grams and the likelihood of full-term pregnancies by 0.6 percentage points (Rocha and 

Soares, 2012).9  We improve upon these two studies in two main ways. First, we consider a wider 

range of health outcomes at birth, namely birth weight, gestational length, length at birth and the 

Apgar score and find that previously unexplored outcomes are actually more responsive to severe 

weather events. Second, we study the effect of both extremes of precipitation and temperature 

shocks using nationally representative data from a developing country.  

 

We identify the causal effect of weather shocks on birth outcomes by merging monthly temperature 

and rainfall data with unique, nationally representative, administrative data on birth records in 

Colombia from 1999 to 2008. We identify extreme precipitation and temperature events based on 

the magnitude of the deviation from the historical average monthly rainfall level in a given 

municipality. To gauge the causal effect, we rely on the exogenous variation in fetal exposure to 

these shocks by municipality and date of birth using a fixed effects design. Our identification strategy 

relies on the fact that temporary rainfall and temperature deviations from the historical average in 

the individual’s region of birth while in utero are uncorrelated with latent determinants of health at 

birth. Our detailed data also allow us to explore how the effect of weather shocks varies according to 

the timing during gestation.  

 

                                                           
9 The effects are stronger during the 2nd trimester of gestation, for girls, and for children born during the dry season. The paper also 
finds evidence for an increase in infant mortality rate by 2.14 per 1,000 newborns with higher effects on infant mortality during the 
first 6 months of life, and on mortality due to intestinal infections and malnutrition. 
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A potential problem pervading ours and all previous analyses concerns fetus selection due to adverse 

weather conditions. The problem is that only surviving foetuses are recorded in our data set. Hence, 

shocks that lead to fetal deaths of weak fetuses may lead the population of surviving newborns to be 

stronger than it would otherwise have been. As Currie (2009) argues, fetal selection suggests that 

estimated coefficients may understate the true negative effects of health insults. 

 

We find very limited effects of rainfall shocks on birth outcomes in Colombia, but robust effects of 

temperature shocks. In particular, we find that (1) some health at birth outcomes improve with 

exposure to cold shocks and worsen with exposure to hot shocks, and (2) the timing of exposure to 

the shock while in utero matters, and it matters differently for different outcomes. Exposure to a heat 

wave at any point in pregnancy reduces the proportion of full term and healthy newborns, and it also 

decreases length when exposure occurs during the third trimester. The effects of temperature shocks 

are small, but in line with what the previous literature has found. 

 

The paper is structured as follows. Section 2 discusses the data sample and presents summary 

statistics. Section 3 discusses the econometric framework and identification strategy. Section 4 

presents the results, reports diagnostic tests on the internal validity of the estimates and robustness 

tests. Section 5 concludes with a summary of our findings and recommendations for policy.  
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2. Data 
 
2.1 Data on health at birth  

 
We use administrative data from the Colombian national registry of live births over 1999-2008, 

which are available from the vital statistics, collected by the Administrative Department of Statistics 

(DANE). In contrast with the data used in previous studies on the effects of shocks in utero on birth 

outcomes, which tend to be limited to a geographic area within a country, the data we use have 

universal coverage of all birth records in Colombia. The data contain several measures of health at 

birth, including weight, length, gestational age, and the Apgar score, which is measured 1 and 5 

minutes after birth. The existing literature tends to focus on a very limited set of birth outcomes, 

most notably birth weight and gestation. This study breaks new ground by also looking at height at 

birth and the Apgar score carried out 5 minutes after the full birth of the baby. We use the 5 minute 

Apgar score because it is regarded as more reflective of the baby’s overall health and more predictive 

of survival and neurologic abnormalities at one year of age (Chase and Greenberg, 1965; James, 

1960). Birth records also include other important information about the child (sex, birth order, and 

multiple births), the mother (age and educational attainment), the method of delivery (vaginal, 

caesarean section or instrumented), and birth location (health institute, home, other).   

 

We analyze both weight at birth (measured in grams) and an indicator for normal weight, which 

takes the value of one if the weight of the liveborn infant is more than 2,500 grams. We use the 

2,500 cutoff because the medical literature has identified it as the threshold over which the 

probability of perinatal mortality and morbidity, inhibited growth and cognitive development, and 

chronic diseases later in life drops substantially. We also construct and indicator for full term baby 

taking the value of one if the baby is born at 38 weeks of gestation or more and is zero otherwise.  

Our fourth health outcome is length at birth (in centimeters). Lastly, we use a dummy variable that 

indicates overall health of the newborn based on an Apgar score of at least 8 points, which is the 

cutoff point used in the medical literature.  

 

The Colombian registry is also unique in that it can be merged with the temperature and rainfall data 

based on the mother's municipality of residence. We use information on the children’s date of birth 

and municipality of residence of the mother to calculate whether a child was exposed to a weather 
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shock during the mother’s pregnancy (1st, 2nd, or 3rd trimester) counting backwards from the time 

of the birth.   

 

Between 1999 and 2008, 7.215 million births occurred in Colombia. The analysis sample is limited to 

rural areas, 1.498 million births (which represent approximately 20% of all births) We also limit the 

sample to first births, as there are well-known differences in average outcomes by birth order (Currie 

and Moretti, 2003). This decision yields a potential sample of 425,403 births. We drop information 

on births with missing maternal and child characteristics, which leaves us with 410,837 observations. 

We also drop the 4,774 observations with birth at weight below the 1 percentile (less than 1,500 

grams) and above the 99 percentile (more than 4,300 grams).  

 
2.2 Data on weather shocks 

 
The climatic data used to measure the presence of severe weather shocks in Colombia are publicly 

available and come from the University of East Anglia Climate Research Unit (UEA CRU-TS2p1).  

The data are monthly time-series of temperature and rainfall from 1901 to 2008. The monthly series 

are available as interpolated gridded data with a spatial resolution of 0.5 x 0.5 degrees (Mitchell, 

2005). This data set was spatially merged with a map of Colombia for 2009 with the geographic 

limits to construct a longitudinal data set with information on precipitation and temperature at the 

municipality level over the period 1901 to 2008.  

 

In the estimations, binary variables for exposure to a rainy (possibly flood) or dry (possibly drought) 

event and a hot or cold wave are used to analyze the impact of weather shocks during pregnancy on 

health outcomes at birth. These variables are based on the standardized precipitation and 

temperature z-scores, which measure the number of standard deviations from the long-term mean 

(1901-1997) for each municipality-month pair. The use of standardized precipitation and 

temperature z-scores to identify weather shocks is supported by extensive applications in the 

climatology literature (Heim 2002; Keyantash and Dracup 2002). The threshold to identify weather 

shocks in the main analysis is 0.7/-0.7 standard deviations. A flood (heat wave) in the municipality-

month of birth is identified whenever the standardized precipitation (temperature) z-score is above 

0.7 standard deviations from the long-term mean. A drought (cold wave) month in the municipality-

month of birth is identified whenever the standardized precipitation (temperature) z-score is below 
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0.7 standard deviations from the long-term mean. In sensitivity analysis we assess the relevance of 

the cutoff point used to define the shock by changing the threshold to 1/-1 standard deviations.  

 

Table 1 shows the distribution of rainfall and temperature weather shocks by municipality-month of 

birth pairs (events) over the period 1999 to 2008.  The table shows sufficient climate variability in 

both rainfall and temperatures. Floods are the most common weather event. 21.8% of the 

municipality-month pairs experienced a drought and in 32.8% a flood was registered. In terms of 

temperature, 26.9% experienced cold weather and 21.1% experienced a heat wave. Using the +/- 1 

S.D. cutoff, extreme floods are also the most frequent shocks. We see that 24.9% are classified as 

extreme floods and 13.8% as extreme heat waves; 13.6% of the events can be classified as extreme 

droughts and 18.1% as extreme cold events.  

 

Figure 1 shows the variation in the share of municipalities that experienced weather shocks by 

month and year from 1999 to 2008.  Panel A shows the distribution of rainfall and Panel B shows 

the distribution of temperatures. Both panels show that there is substantial within month variation 

across years. To take an example, Panel A shows that in January of 2006 there was a high incidence 

of municipalities with z-scores above 0.7 s.d. (corresponding to 18.3% of the municipalities). In 

January of the following year, the rainfall in most municipalities was between -0.7 and 0.7 s.d., but a 

significant share of municipalities experienced rainfall below 0.7 s.d. of the historic mean 

(corresponding to 52.3% of the municipalities). In January of 2008 all municipalities recorded a 

rainfall at or close to the average, so neither positive nor negative precipitation shocks were 

registered.  This variation highlights that children who were born in the same month of consecutive 

years were exposed to different climate even if born in the same municipality. 

 

Table 2 presents summary statistics (means and standard deviations) for our main analysis sample of 

births in rural areas of Colombia between 1998 and 2009. The average birth weight for children in 

the sample is 3,079 grams, and 89 percent of children have a healthy weight at birth (weigh at least 

2,500, the standard cutoff for low birth weight used in the medical literature). The average length at 

birth is 49.3 cm. 98 percent of babies have a normal Apgar test score 5 minutes after birth and 86 

percent of them are considered to have been born at term (at least 38 weeks of gestation). In each 

trimester of pregnancy, about 50 percent of children were exposed to a dry event, about 65 percent 

were exposed to a rainy event (this is unsurprising because extensive rainfall has been observed in 
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recent years in Colombia), about 45 to 48 percent were exposed to a cold wave and about 35 to 37 

percent were exposed to a heat wave.  

 

3. Econometric Framework and Identification Strategy 
 
The analysis of the impacts of weather shocks on birth outcomes model is based on the following 

specification, which we estimate using Ordinary Least Squares (OLS): 

 
��,�,�,� = � + 
�ℎ���,�,�+��+��+��+��,�,�,�, (1) 

 

where ��,�,�,�  is the birth outcome of child i, born in municipality j, in month m and year y. 

�ℎ���,�,�  is an indicator for whether the child was exposed to a weather shock (heat or cold wave, 

flood and drought) in his municipality of in at least one month while she was in utero. This 

specification includes municipality of birth fixed effects ��. The vector �� are month of birth 

fixed effects, while the vector �� are birth year fixed effects, and ��,�,�,� is a child-specific error 

term. Standard errors are clustered at the municipality level (1,014 clusters). 

 

The identification strategy relies on the unpredictability of the timing of extreme weather events. We 

control for selection into areas that, for example, might be more prone to be hit by weather shocks 

and might be more disadvantaged in terms of health care infrastructure by including municipality 

fixed effects. We also control for overall seasonal effects by including year and month birth fixed 

effects. After controlling for municipality, year and month of birth fixed effects, our identification 

strategy relies on the fact that weather shocks while in utero are uncorrelated with any latent 

determinants of birth outcomes, such as mother and child characteristics. Under our identification 

strategy, the inclusion of mother and child characteristics should have no effect on the estimated 

relationship between weather shocks and outcomes at birth, so our main regressions exclude mother 

and child characteristics. In sensitivity analysis we show that including a set of mother and child 

characteristics ��,�,�,� does not affect the main results. Denoting with * the omitted category, the 

mother’s characteristics include age, education levels (primary*, secondary or high school, tertiary) 

and the child characteristics include an indicator for whether the baby is a boy, and an indicator for 

multiple births. 
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To examine whether there are “key periods” during pregnancy when exposure to a weather event is 

more likely to result in worse birth outcomes we re-estimate the model in (1) varying the timing of 

exposure to the shock. In particular, we estimate: 

 

��,�,�,� = � + 
��ℎ��_����1�,�,� +
��ℎ��_����2�,�,� + 
!�ℎ��_����3�,�,� + ��+��+��+��,�,�,�					(2) 

 

In equation 2, �ℎ��_����1 is an indicator equal to 1 if an extreme weather event occurred in the 

child’s municipality of birth during the first trimester of her mother’s pregnancy, and 0 otherwise. 

$_����2 and $_����3 are similar indicators for the second and third trimesters, respectively.  

 
 

4. Findings 
 
4.1  Effects of exposure to weather shocks during pregnancy  
 
Table 3 presents the main results of the effect of temperature and rainfall variations on the five 

health outcomes at birth we analyze: weight, normal weight (>2,500 grams), length, full-term (>=38 

weeks) and healthy Apgar (score>=8). The first two rows of table 3 show the effects of temperature 

variations and the last two rows the effects of rainfall shocks. In all cases we measure the effect of 

having experienced a weather shock in at least one month while in utero.  The newborn is considered 

to have experienced a weather shock in a given month if the rainfall or temperature in her 

municipality of birth was above or below 0.7 standard deviations with respect to historical monthly-

specific mean.  For each outcome we report the specification that controls for municipality, month 

and year of birth fixed effects. Clustered standard errors at the municipality level are reported in 

parentheses. 

 

Table 3 shows that experiencing a cold wave during pregnancy increases the likelihood of having a 

normal Apgar score 5 minutes after birth, but does not affect any of the other outcomes. To our 

knowledge, this is the first study documenting the effects of cold waves on outcomes at birth. Now, 

experiencing a heat wave in at least one month while the mother is pregnant reduces the probability 

of birth at full term and to likelihood to be a healthy newborn, as measured by the Apgar score. 

Temperatures hotter than average do not seem to affect birth weight outcomes in rural Colombia, 

which contrasts with the findings by Deschênes et al. (2011), who found that extreme hot 

temperatures in the U.S. reduced birth weight. As evidenced by our findings and those of the 
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handful of previous studies, heat waves either have none or detrimental effects on health outcomes 

(Burgess et al., 2014; Deschênes et al., 2009; Deschênes and Moretti, 2009; Deschênes and 

Greenstone, 2011).  

 

Table 3 also shows that exposure to a dry month while in utero in Colombia increases the probability 

of being classified as a baby with normal weight at birth (>2500 grams) and increases the Apgar 

score. Unlike Rocha and Soares (2012), we do not find evidence that rain scarcity reduces birth 

weight or the likelihood of full-term pregnancies in a statistical sense at conventional levels of 

significance. Fetal exposure to extensive rain at any point in pregnancy does not significantly affect 

any of the health outcomes at birth we study.  This is in line with previous studies finding no 

evidence to support that positive rainfall shocks affect infant height, weight and cognitive ability in 

Mexico (Aguilar and Vicarelli, 2011) or that they affect adult health, education and labor outcomes in 

Indonesia (Maccini and Yang, 2009). 

  

In line with previous studies, the effects of weather shocks are small in magnitude. Our study also 

shows that the positive effect of cold waves and the negative effect of heat waves are similar in 

magnitude. For example, exposure to temperatures 0.7 standard deviations above the long-term 

average in at least one month during pregnancy leads to a 0.5 percentage point reduction in the 

probability to be born at full term, as compared to an average of 88.8%.  Exposure to temperatures 

0.7 standard deviations below the historical mean raises by 0.05 the percentage of newborns 

classified as healthy 5 minutes after birth.  

 
4.2 Effects of exposure to a weather shock at each trimester of pregnancy  

 
A natural extension is to consider whether the timing of exposure to weather events matters. We 

report estimates from equation (2), which includes weather shocks during each trimester of the 

mother’s pregnancy. In this specification, a child is considered to have been exposed to a weather 

shock in the first trimester of her mother’s pregnancy if there was a weather shock in her 

municipality of birth during any of the first three months she was in utero. These results are reported 

in Table 4. For ease of comparison, we repeated the basic specification that measures exposure in 

any month during pregnancy.  
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The results reported in Table 4 show substantial heterogeneity in the timing of exposure across 

outcomes. A cold wave in any trimester of the mother’s pregnancy does not affect weight at birth, 

but leads to other health outcomes. Although the effects remain small, they are statistically 

significant for the length of gestation and the Apgar score in the third trimester. They are also 

significant for the Apgar score in the second trimester. Also, exposure to a cold wave during the 

second and third trimesters of pregnancy increases length at birth, but the effect is only significant at 

the 10% level.  

 

Table 4 also shows that exposure to hotter than average temperatures at any point during pregnancy 

does not affect weight at birth, but has pervasive effects on other health outcomes. A heat wave 

reduces the likelihood of being born at full term if exposure occurs during the first or second 

trimester and decreases the likelihood of having a healthy score in the Apgar test 5 minutes after 

birth if exposure occurs at any time during pregnancy. Although we fail to find a significant effect of 

a heat wave’s exposure at any point in the mother’s pregnancy on length at birth, the results in Table 

4 point to a negative, substantial effect if exposure occurs in the third trimester. 

 

The bottom half of Table 4 shows that exposure to scarce rainfall in the third quarter of pregnancy 

raises the probability of being born at full term, but the effect is only significant at the 10% level. 

Positive or negative rainfall shocks during the second or third trimester of pregnancy does not 

significantly affect any of the other outcomes we analyze. The positive effect of exposure to dry 

weather on the Apgar test 5 minutes after birth is driven by the effect in the first trimester. Also, 

although we did not find that exposure to extensive rainfall at any point of the pregnancy 

significantly affects length at birth; we do find that it has a positive effect if exposure occurs during 

the first trimester of pregnancy.  

 
4.3 Internal validity of the estimates  
 
The estimates in the previous section rest on the assumption that children who faced weather shocks 

while in utero are similar to those who were not exposed to them after controlling for month, year 

and municipality of birth fixed effects. We provide evidence that exposure to weather shocks is 

random estimating exposure of weather shock effects with covariates included. If exposure to 

weather shocks is random, the effect of weather shocks on birth outcomes should be insensitive to 

the inclusion of maternal and child covariates.  
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Panel B of Table 5 shows coefficient estimates of weather shocks that include maternal and child 

characteristics in addition to the municipality, month and year of birth fixed effects. Denoting with * 

the omitted category, the mother’s characteristics include age, education levels (primary*, secondary 

or high school, tertiary) and the child characteristics include an indicator for a baby boy, and an 

indicator for multiple births. Panel A in Table 5 reproduces the baseline estimates that exclude 

maternal and child characteristics. It is reassuring to see that the sign, magnitude and significance of 

most of the estimated coefficients obtained with covariates included are nearly identical to those 

obtained when the covariates are excluded.10 This evidence supports the hypothesis that exposure to 

weather shocks is random, indicating that the effects estimated in the previous section are internally 

valid.  

 
4.4. Robustness tests 
 
A priori, it is not clear whether more extreme weather shocks have a larger or smaller effect on birth 

outcomes than milder ones. Extreme weather events could have larger effects if, for example, they 

affect prices of food or other health inputs. But it is also possible that in the event of extreme 

weather events, pregnant women are better able to protect themselves and their offspring by 

receiving help from formal and informal safety networks, such as relatives or social programs. The 

effect of extreme weather shocks versus milder ones is thus an empirical question. Our measures of 

weather shocks in our baseline specifications are based on temperatures and rainfall that are 0.7 

standard deviations above and below the historic monthly-specific mean. We examine how sensitive 

are the results to more extreme weather events by varying the threshold used to define the shock 

adopting the cut-off of 1 standard deviation from the mean.  

 
Table 6 compares the results of the effects of mild weather shocks (Panel A) and extreme ones 

(Panel B). The effects of exposure to a mild or severe hot, dry or rainy event while in utero are very 

similar. Cold waves continue to be health improving when we consider a more extreme version of 

the shocks, but the outcome affected does depend on the severity of the shock. In particular, 

exposure to a cold event while in utero has a positive effect on the probability of testing normal in the 

                                                           
10 All other covariates behave as expected. The older the mother the healthier the baby is born, but the positive effect on health 
outcomes decreases with age. Mother’s education  affects positively all outcomes and it does so more if the mother has tertiary 
education. Boys are heavier and taller than girls, but are less likely to be born at full term or to have a healthy Apgar score. The effect 
of multiple births on health outcomes is negative.  
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Apgar score 5 minutes after birth, but the effect disappears when the baby is exposed to an 

extremely cold event. In contrast, an extremely cold event has a positive effect on the likelihood of 

being born at term (at least 38 weeks of gestation), but a milder cold wave has no effect on this 

outcome.  

 

 

5. Conclusion 
 

This paper finds that the health of Colombian newborns is highly sensitive to exposure to weather 

shocks while in utero. We examine the effect of temperature and rainfall shocks on a wide arrange of 

outcomes at birth of Colombians born between 1999 and 2008. The health of babies is generally not 

affected by exposure to rainfall shocks during fetal life. However, exposure to cold shocks improves, 

and exposure to hot shocks worsens, certain health indicators. The effects are sensitive to the timing 

of exposure to the shock (1st, 2nd or 3rd trimester of pregnancy).  For example, exposure to a cold 

shock in the third trimester of pregnancy increases the proportion of births that are full-term by 0.6 

percentage points and the share of healthy born babies by 0.4 percentage points.  In contrast, 

exposure to heat waves at any point in the pregnancy reduces the share of babies born at full term by 

0.5 percentage points and the share of healthy babies by 0.4 percentage points. Birth weight 

outcomes are not affected by weather shocks during fetal life.  

 

These results relate to a growing literature in development and health economics that documents the 

sensitivity of health outcomes at birth in developing countries to varying types of shocks and 

conditions while in utero (e.g. Camacho, 2008; Rocha and Soares, 2012). The results are also related to 

the body of research in economics that has analyzed the effects of weather shocks, particularly 

floods and droughts, on individual wellbeing during childhood and adulthood.  The evidence in this 

paper suggests that temperature shocks, which have largely been ignored by the previous literature, 

have detrimental effects on health outcomes at birth. This suggests that the coping strategies 

allowing pregnant women to protect their offspring in the event of a heat wave in Colombia are only 

partial. What makes this last result so striking is that the incidence and frequency of hot shocks in 

Colombia and worldwide are increasing and will continue to increase as a result of climate change.   
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Our findings that newborns are vulnerable to environmental conditions have important implications 

for policy. The long-run effects of health at birth on later health, schooling, and income, and their 

implications for economic mobility should be factored into cost-benefit analyses of programs 

targeting this subpopulation. Our findings provide additional justification for interventions that 

shield infants from the health consequences of temporary environmental shocks, such as food 

security policies, weather insurance, social insurance schemes and public health investments. 

However, future research should aim to enhance our understanding of the mechanisms that lead 

weather shocks to affect health outcomes at birth and other measures of individual welfare, as this 

will aid policy makers to prioritize the interventions that are more likely to counteract the effects of 

weather shocks associated with climate change.  
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Figure 1. Z-scores of rainfall and temperature by month over the period 1998-2008 

A. Rainfall 

 

 

B. Temperature  

 

Note: The temperatures and precipitations values that are concentrated by a number of municipalities below 10% was not considered 

in the graph. The values of temperature and rainfall were grouped for each 0.25 standard deviations.  
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Table 1. Distribution of the weather shocks in the sample by municipality-month of birth  
 

Weather 
shock 

Rainfall Temperature S.D from  
historic 
mean 

Rainfall Temperature 

Freq % Freq % Freq % Freq % 

Drought/Cold 
< -0.7 S.D. 

20,468 21.8 25,319 26.9 
< -1 12,739 13.6 17,022 18.1 

-0.7 to -1 7,729 8.2 8,297 8.8 

Normal 
Weather 

42,727 45.5 48,845 52.0 
-0.7 and 
0.7 

42,727 45.5 48,845 52.0 

Flood/Hot 
>0.7  S.D. 

30,777 32.8 19,808 21.1 
0.7 to 1 7,379 7.9 6,838 7.3 

>1 23,398 24.9 12,970 13.8 

Total 93,972 100 93,972 100 Total 93,972 100 93,972 100 
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Table 2. Descriptive Statistics 

Variable Mean S.D. 

a. Outcomes 
  

Birth weight (grams) 3079.8 449.2 

Normal weight (% with weight>2500 gr) 88.8 31.5 

Full-term baby (% born >=38 weeks) 86.2 34.5 

Length (cm.) 49.3 2.5 

Healthy Apgar (% with score>=8 points) 98.3 13.1 

b. Weather shocks 
  

Cold third trimester of pregnancy (%) 48.1 50.0 

Cold second trimester of pregnancy (%) 46.1 49.9 

Cold first trimester of pregnancy (%) 44.7 49.7 

Cold at least one month in pregnancy (%) 66.9 47.1 

Hot third trimester of pregnancy (%) 34.5 47.5 

Hot second trimester of pregnancy (%) 36.0 48.0 

Hot first trimester of pregnancy (%) 37.3 48.4 

Hot at least one month in pregnancy (%) 57.1 49.5 

Drought third trimester of pregnancy (%) 49.3 50.0 

Drought second trimester of pregnancy (%) 49.0 50.0 

Drought first trimester of pregnancy (%) 48.7 50.0 

Drought at least one month in pregnancy (%) 82.8 37.8 

Flood third trimester of pregnancy (%) 65.2 47.6 

Flood second trimester of pregnancy (%) 65.0 47.7 

Flood first trimester of pregnancy (%) 64.8 47.8 

Flood at least one month in pregnancy (%) 93.4 24.9 

c. Maternal and Child Characteristics 
  

Mother's age (years) 19.7 4.4 

Baby boy (%) 51.3 50.0 

Multiple births (%) 2.5 15.7 

Mother's education elementary (%) 47.0 49.9 

Mother's education secondary or high school (%) 50.1 50.0 

Mother's education tertiary (%) 2.9 16.7 

Observations 406,063   
Note: Weather shocks are defined based on +/-0.7 S.D. from the historic month-specific long-run average in the municipality of 
birth. We report statistics for shocks that could have been experienced in at least one month during pregnancy (e.g. cold at least one 
month in pregnancy) and shocks to which newborns were exposed during at least one month in each of the trimesters (e.g. cold third 
trimester of pregnancy).  
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Table 3. Effect of temperature and rainfall shocks during pregnancy on birth outcomes  

  

Weight Weight 
normal 

Full 
 term 

Length Healthy 
Apgar 

Cold 0.593 -0.000 0.002 0.000 0.005*** 

(2.388) (0.002) (0.002) (0.014) (0.001) 

Hot -3.531 0.000 -0.005*** -0.018 -0.004*** 

(2.015) (0.001) (0.002) (0.012) (0.001) 

Drought -2.014 0.004*** 0.002 -0.010 0.004*** 

(2.378) (0.002) (0.002) (0.013) (0.001) 

Flood 5.061 0.001 0.004 -0.024 0.002 

  (3.319) (0.002) (0.002) (0.019) (0.001) 

Observations 406,063 406,063 396,613 403,954 383,541 
Note: Each cell corresponds to a different regression. Regressions also include municipality of birth fixed effects, month of birth fixed 
effects and year of birth fixed effects. Clustered standard errors at the municipality level in parentheses. *** p<0.01, **p<0.05. 
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Table 4. Effect of temperature and rainfall shocks in each trimester of pregnancy on birth outcomes 

  
Weight Weight 

normal 
Full 

 term 
Length Healthy 

Apgar 

Cold any month in pregnancy 0.593 -0.000 0.002 0.000 0.005*** 

  (2.388) (0.002) (0.002) (0.014) (0.001) 

Cold trimester 3 1.975 0.002 0.006*** 0.019 0.004*** 

(2.133) (0.001) (0.002) (0.012) (0.001) 

Cold trimester 2 1.568 -0.001 0.001 0.019 0.002** 

(2.051) (0.001) (0.002) (0.011) (0.001) 

Cold trimester 1 0.173 -0.000 0.001 0.005 0.000 
  (2.082) (0.001) (0.002) (0.011) (0.001) 

Hot any month in pregnancy -3.531 0.000 -0.005*** -0.018 -0.004*** 

  (2.015) (0.001) (0.002) (0.012) (0.001) 

Hot trimester 3 -2.788 -0.000 -0.001 -0.032*** -0.006*** 

(2.041) (0.002) (0.002) (0.012) (0.001) 

Hot trimester 2 0.735 0.001 -0.005*** -0.002 -0.003*** 

(1.945) (0.001) (0.002) (0.012) (0.001) 

Hot trimester 1 -2.493 -0.001 -0.004** -0.019 -0.003*** 

  (2.138) (0.001) (0.002) (0.013) (0.001) 

Drought any month in pregnancy -2.014 0.004*** 0.002 -0.010 0.004*** 

  (2.378) (0.002) (0.002) (0.013) (0.001) 

Drought trimester 3 0.269 0.002 0.001 0.011 0.001 
(1.686) (0.001) (0.001) (0.010) (0.001) 

Drought trimester 2 -1.332 0.001 0.001 -0.006 -0.000 
(1.596) (0.001) (0.001) (0.009) (0.001) 

Drought trimester 1 0.250 0.002 0.001 0.015 0.003*** 

  (1.646) (0.001) (0.001) (0.009) (0.001) 

Flood any month in pregnancy 5.061 0.001 0.004 -0.024 0.002 
  (3.319) (0.002) (0.002) (0.019) (0.001) 
Flood trimester 3 -0.172 -0.001 -0.002 0.002 0.001 

(1.767) (0.001) (0.001) (0.009) (0.001) 
Flood trimester 2 1.891 -0.001 0.002 0.008 -0.000 

(1.811) (0.001) (0.001) (0.010) (0.001) 

Flood trimester 1 1.891 0.001 0.001 0.025*** -0.000 

  (1.775) (0.001) (0.001) (0.009) (0.001) 

Observations 406,063 406,063 396,613 403,954 383,541 
Note: Each regression is separated by a horizontal line.  All regressions also include municipality of birth fixed effects, 
month of birth fixed effects and year of birth fixed effects. Clustered standard errors at the municipality level in 
parentheses. *** p<0.01, **p<0.05. 
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Table 5. Effect of temperature and rainfall shocks during pregnancy on birth outcomes: a test of the 
validity of the identification strategy 
  Weight Weight 

normal 
Full 

 term 
Length Healthy 

Apgar 
A. Excluding child and maternal characteristics 
Cold 0.593 -0.000 0.002 0.000 0.005*** 

(2.388) (0.002) (0.002) (0.014) (0.001) 

Hot -3.531 0.000 -0.005*** -0.018 -0.004*** 

(2.015) (0.001) (0.002) (0.012) (0.001) 

Drought -2.014 0.004*** 0.002 -0.010 0.004*** 

(2.378) (0.002) (0.002) (0.013) (0.001) 

Flood 5.061 0.001 0.004 -0.024 0.002 

(3.319) (0.002) (0.002) (0.019) (0.001) 

B. Including child and maternal characteristics       

Cold -0.096 -0.000 0.002 -0.003 0.005*** 

(2.347) (0.002) (0.002) (0.014) (0.001) 

Hot -3.498 -0.000 -0.005*** -0.018 -0.004*** 

(1.970) (0.001) (0.002) (0.012) (0.001) 

Drought -1.450 0.005*** 0.002 -0.007 0.004*** 

(2.307) (0.001) (0.002) (0.013) (0.001) 

Flood 5.586 0.002 0.005 -0.022 0.002 
(3.293) (0.002) (0.002) (0.019) (0.001) 

Observations 406,063 406,063 396,613 403,954 383,541 
Note: Each cell corresponds to a different regression. All regressions also include municipality of birth fixed effects, month of birth 
fixed effects and year of birth fixed effects. Regressions in panel b include mother’s age and education levels (primary*, secondary or 
high school, tertiary) and indicators for wether the child is a boy or was born in a multiple births. Clustered standard errors at the 
municipality level in parentheses. *** p<0.01, **p<0.05. 
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Table 6. Comparison of the effects of weather shocks and extreme weather shocks on birth 
outcomes  

 Weight Weight  
normal 

Full 
 term 

Length Healthy 
Apgar 

A. Weather shocks 
Cold 0.593 -0.000 0.002 0.000 0.005*** 

(2.388) (0.002) (0.002) (0.014) (0.001) 

Hot -3.531 0.000 -0.005*** -0.018 -0.004*** 

(2.015) (0.001) (0.002) (0.012) (0.001) 

Drought -2.014 0.004*** 0.002 -0.010 0.004*** 

(2.378) (0.002) (0.002) (0.013) (0.001) 

Flood 5.061 0.001 0.004 -0.024 0.002 

(3.319) (0.002) (0.002) (0.019) (0.001) 

B. Extreme weather shocks       

Extremely cold -0.897 -0.000 0.004** 0.026 0.001 

(2.461) (0.002) (0.002) (0.014) (0.001) 

Extremely hot -1.793 -0.001 -0.003** -0.016 -0.005*** 

(2.008) (0.001) (0.002) (0.012) (0.001) 

Extreme drought 1.127 0.004*** 0.001 0.013 0.003*** 

(2.043) (0.001) (0.001) (0.012) (0.001) 

Extreme flood 2.823 0.000 0.003 -0.004 0.001 
(2.512) (0.002) (0.002) (0.015) (0.001) 

Observations 406,063 406,063 396,613 403,954 383,541 
Note: Each cell corresponds to a different regression. All regressions also include municipality of birth fixed effects, month of birth 
fixed effects and year of birth fixed effects. Weather shocks in panel a are based on a cutoff of +/-0.7 sd with respect to the historic 
mean. Extreme weather shocks in panel b are based on a cutoff of +/- 1 sd with respect to the historic mean. Clustered standard 
errors at the municipality level in parentheses. *** p<0.01, **p<0.05. 
 


