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Abstract

Extensive evidence shows that weather conditions during gestation affect birth out-

comes and early childhood development in the developing world. Pairing weather data

during gestation with education and labor outcomes for more than one million peo-

ple, we show that in-utero weather has lasting effects through adulthood: temperature

during gestation affects schooling attainment, earnings, and access to formal employ-

ment among females in Peru, but not among males. We identify maternal anemia as a

key driver of these outcomes. Our findings suggest that the persistent negative effects

of temperature around birth can be mitigated through improved health services for

vulnerable mothers.
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1 Introduction

A compelling body of evidence shows that weather conditions during the prenatal period

affect birth outcomes1 and early childhood development2 across a variety of settings in the

developing world. One of the main drivers of these effects is weather shocks that affect

maternal nutrition and health-seeking behavior through negative income shocks or food price

increases (Hoddinott, 2006; Skoufias, Vinha, and Conroy, 2011; Kim and Lafortune, 2010;

Rosales, 2014), increasing the prevalence and severity of maternal anemia. Maternal anemia

has been linked to early iron deficiency during brain development (Lozoff and Georgieff,

2006) and even into the first year of life (Allen, 2000; McCann and Ames, 2007). In turn,

early iron deficiency hinders cognitive development during adolescence (Lozoff et al., 2006)

and has negative effects on adult health (Godfrey and Barker, 2000, 2001).

There is still scarce evidence on the long-term economic effects of weather during the

gestational period,3 but the preceding discussion suggests the effects may be severe. In a

seminal paper, Maccini and Yang (2009) show that positive rainfall shocks during early life

affect health, schooling, and wealth among Indonesian females during adulthood, with no

significant effects among males. Millett and Shah (2012) show that children exposed to

droughts during gestation in rural India score significantly worse on math and reading tests.

In turn, Hu and Li (2016) show that high temperature days during pregnancy reduce school-

ing and height during adulthood in China. On the other hand, in a sample of Ecuadorian

formal sector workers, Fishman, Russ, and Carrillo (2015) find statistically significant but

small effects of in-utero temperature on female earnings.

Our paper contributes to this strand of literature by examining the effects of weather

1See for example Yamauchi (2012); Pereda, Menezes, and Alves (2014); Rocha and Soares (2015); Molina
and Saldarriaga (2017); Hu and Li (2016); Andalón et al. (2014); Kudamatsu, Persson, and Strömberg (2012).

2See for example Skoufias and Vinha (2012); Lokshin and Radyakin (2012); Rosales (2014); Kumar,
Molitor, and Vollmer (2014); Mendiratta (2015); Aguilar and Vicarelli (2011); Skoufias, Vinha, and Conroy
(2011); Rocha and Soares (2015); Rose (1999)

3Other studies analyze long-term effects of early life or prenatal exposure to pollution shocks (e.g. Jay-
achandran, 2009; Rau, Urzúa, and Reyes, 2015; Bharadwaj et al., 2014; Miller and Vela, 2013), radioactive
fallout (Black et al., 2013), Ramadan (Almond, Mazumder, and Ewijk, 2015), well-child visits (Butikofer,
Løken, and Salvanes, 2015).

1



during gestation on human capital accumulation and labor market outcomes in Peru, an

especially important setting within the context of global climate impacts since it has been

deemed third, after Bangladesh and Honduras, in climate hazard risks by the Tyndall Centre

for Climate Change Research. To this end, we combine gridded data on temperature and

precipitation from the Climatic Research Unit at the University of East Anglia with house-

hold survey data from the 2001-2015 National Household Surveys, aggregating information

for over one million individuals born from 1950 onwards. We complement these data sources

with the 2004-2015 Demographic and Health Surveys, which provide rich information on

maternal health status and health-seeking behavior.

Our main outcome variables are schooling, earnings, and access to formal employment.

Our main explanatory variables are average in-utero temperature (temp) and total in-utero

precipitation (precip). We estimate step functions, which allow for flexibility in the relation

between weather variables and the outcomes of interest. Our main outcome variables vary in

response to temp, but are largely unaffected by precip. Exposure to temp below 10C reduces

schooling by 0.3 years relative to the group exposed to temp between 17.5-20C (“thermal

comfort”). The effect decreases monotonically for ranges of temp closer to thermal comfort,

to 0.1-0.2 years for temp between 10.0 and 17.5C, and is not significant for temp above

20C. The effects on males are smaller in magnitude and not statistically significant for any

range of temp. These gender differences are consistent with previous findings (Maccini and

Yang, 2009; Fishman, Russ, and Carrillo, 2015). Similar patterns arise in the probability

of completing primary and secondary school. The negative effects on education reverberate

on key labor market outcomes, including earnings and the probability of being formally

employed. Exposure to temp below 10C reduces female income during adulthood by 0.1

standard deviations and access to formal employment by 2.6 percentage points. As in the

case of schooling, the effects decrease monotonically as temp approaches thermal comfort,

and are not significant among males.

The key mediating channel we explore, as suggested by the medical literature, is ma-
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ternal health, in particular maternal anemia, and health-seeking behavior. As mentioned

above, maternal anemia leads to negative birth outcomes with long term consequences for

health and cognitive development (for review studies, see Allen, 2000; Steer, 2000; Bhutta

et al., 2005). We find that exposure to colder weather during pregnancy increases maternal

anemia prevalence, but exclusively among poor women. Our data suggests that this is due to

changes in health-seeking behavior, as non-poor pregnant women respond to colder weather

by increasing their number of antenatal visits and their intake of iron supplements, while

poor pregnant women show no evidence of this behavior.4

We offer four main contributions to the literature of long-term effects of in-utero weather

fluctuations. First, we explore the role of temperature and precipitation levels, while most

existing studies focus on extreme events, like droughts, heat days, or shocks (usually defined

as one standard deviation above or below the temperature or precipitation trend). Second,

our data includes people aged 0-65, allowing us to measure final educational outcomes and

labor market outcomes across the entire lifespan. Third, our data allows us to explore medi-

ating channels suggested by the medical literature. Fourth, average in-utero temperature in

our sample has a wide range, from 2.5 to 27.5C, and the large number of observations in our

datasets provides support across this range of exposures including areas with cold baseline

temperatures. Large variability in the explanatory variable, paired with adequate support,

allows us to explore the nature of the relationship between in-utero temperature and our

outcome variables and mediating channels closely.

Collectively, our findings indicate that temperature during gestation can have lasting

negative impacts on education and labor market outcomes and that health channels con-

tribute to these outcomes. These impacts are borne primarily by vulnerable groups, and

hence policies aimed at reducing vulnerability for pregnant women are likely to have lasting

4Antenatal visits are important in this context because pregnant women receive iron supplements during
these visits. Menendez et al. (1994) Menendez et al (1994) find that adequate iron supplementation can
increase birth weight by up to 100 grams. Rasmussen (2001) reviews other studies that do not find a relation
between iron supplementation and birth outcomes, but concludes that the possibility of false negatives is
high, either because the study population had adequate values for baseline hemoglobin or because the iron
provided was insufficient to cure anemia.
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impacts on the child’s long-term economic outcomes.

2 Data and Study Setting

The three main data sources we rely on are ENAHO (Peru’s National Household Survey),

ENDES (Peru’s Demographic and Health Survey), and CRU’s temperature and precipitation

data set. ENAHO has been collected annually since the late 1990s by INEI, Peru’s Bureau

of Statistics. We exploit data from the 2001-2015 surveys, pooling together over one million

observations. Importantly for our purpose, the survey includes information on the district

and date of birth, together with a wealth of socio-economic outcomes at the time of the

survey. District coordinates are also available from INEI, which allows matching household

survey (at the district level) and weather data. Peru’s DHS, also collected annually by INEI,

includes information on maternal health and health-seeking behavior. In particular, start-

ing in 2004 the DHS contains hemoglobin measurements for a random sample of pregnant

women. We pool DHS data from 2004 to 2015 and link temperature during pregnancy to ma-

ternal health status and health-seeking behavior. It is worth noting that the available data

provide information only about pregnancies from the year 2004 onwards, which constitutes

an important limitation of our study. The weather data was obtained from the Climatic

Research Unit at the University of East Anglia. We extracted monthly weather values from

1950 onward. The data has a resolution of 0.5 x 0.5 degrees (Mitchell and Jones, 2005).

Since districts typically cover parts of multiple grid cells, we take the area-weighted average

values of the grid cells overlapping the district. Figure 1 plots average weather conditions

per district for the 1950-2015 period.

Table 1 shows the main descriptive statistics on schooling and employment. The literacy

rate in the sample is 84 percent, and the figure is higher for males (87 percent) than for

females (82 percent). Average schooling in the sample is 7.1 years, 7.4 for males and for

6.8 for females. Eight percent of the population has no formal schooling, 59 percent has
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completed at least primary school and 33 percent has completed secondary school. Males

are more likely to have completed either of these levels than females. Average monthly real

income (in Soles, using Lima 2015 as base) is S/.858 for males and S/.526 for females (S/.1.00

≈ US$0.30 in 2015). While 23 percent of males are formally employed, the figure for females

is only 12 percent.

Table 2 shows descriptive statistics on health status and health seeking behavior of preg-

nant women, split by poverty status. Twenty-eight percent of pregnant women were found to

be anemic. Iron supplements are recommended in all pregnancies (Allen, 2000) because they

have been widely shown to reduce anemia prevalence and incidence5, but only 77 percent of

pregnant women in the sample reported having taken iron supplements at some point during

their pregnancy, for an average duration of 55 days. The last panel in Table 2 shows that

most pregnant women (96 percent) had at least one antenatal care visit. The figure for poor

women is slightly lower than for non-poor women, at 95 and 99 percent, respectively. On

average, the first visit took place shortly before the third month of pregnancy, and women

averaged 7.8 visits across the duration of their pregnancy, with poor women reporting their

first visit 0.6 months later than non-poor women, and 1.5 fewer visits in total.

3 Empirical Approach

Our estimating equations allow for considerable flexibility regarding the nature of the re-

lationship between weather variables and the outcomes of interest. Our main estimating

equation is of the form:

yidbt = β0+
∑
j

βj × I(Temp=j)idbt+
∑
k

δk× I(Precip=k)idbt+γd+γb+γt+µd× t+εipbt (1)

5Studies reviewed in Bhutta et al. (2005).
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where y is the outcome of interest for individual i born in district d on date b,6 and

surveyed in year t. Temperature is measured in degrees Celsius, and precipitation in mil-

limeters. Temperature is binned at 2.5C intervals. We use the bin that includes 18C (≈

65F) which is usually deemed as “thermal comfort”, as a comparison category. Precipitation,

on the other hand, is binned in 50mm intervals. There is no natural comparison category,

but we use 0-50mm. Hence, the comparison category is people exposed to average in-utero

temperature of 17.5-20C, and with less than 50mm of rain.

The specification includes fixed effects for district of birth, date of birth, and year of

the survey. In words, we compare outcomes across individuals born in the same district,

controlling for economy-wide shocks at the time of their birth, and the year they were

surveyed. In addition we include district-specific linear time trends to account for changes in

outcomes from 1950 to 2015. After controlling for fixed effects as described above, if monthly

variations around the trend are exogenous to the individual, OLS provides consistent and

unbiased estimates for β and δ. Thus, our identification assumption, similar to Schlenker

and Roberts (2009), is that controlling for all other district characteristics and time trends,

weather is as good as randomly assigned. To account for spatial correlation of weather,

standard errors are clustered at the province level.7

We explore maternal health and health-seeking behavior during pregnancy as main me-

diating channels. To that end, we use the DHS data on iron intake, anemia prevalence,

number of antenatal visits, and month of first antenatal visit. The equation is of the form:

yidbt = β0+
∑
j

βj×I(pregtemp=j)idbt+
∑
k

δk×I(pregprecip=k)idbt+γd+γb+γt+µd×t+εipbt

(2)

, where yidbt denotes the outcome of interest for pregnancy i, in district d, with delivery

on date b, and surveyed in year t. The variables pregtem and pregprecip denote the 9-month

6Date of birth is month and year of birth, e.g. May 1979
7There are 196 provinces in the country, which group approximately 10 districts each.
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temperature and precipitation averages leading to the delivery. We include the same fixed

effects and trends as in equation (1), and cluster the standard errors at the province level.

4 Results

4.1 Schooling

Table 3 and Figure 2 report the main results in the paper. The dependent variable is years

of schooling. Column 1 shows the results for the whole sample, while columns 2 and 3

split the sample by gender. Our main finding, and a result that comes up recurrently in

the following analysis, is that average in-utero temperature (temp) affects female outcomes

but not male outcomes.8 Column 2 shows that lower average in-utero temperature (temp)

reduces female schooling compared with the comparison category (17.5-20C). The difference

is largest at the lowest values of temp (below 10C), at 0.32-0.36 years. This difference

decreases monotonically as the temperature increases towards the comparison category, to

0.18 for 10 < temp ≤ 12.5, 0.13 for 12.5 < temp ≤ 15, and 0.11 for 15 < temp ≤ 17.5. There

are no statistically significant effects for females with temp > 20, although the confidence

intervals do not allow to conclude null effects.

In Table 4 we analyze if temp affects the probability of graduating from primary and

secondary school. This analysis also allows exploring whether the effects of temp happen

at the higher or lower end of the schooling distribution. Consistently with the previous

table, the effects on males are close to zero and have no statistical significance, but lower

values of temp decrease the likelihood that females finish primary and secondary school, with

magnitudes that follow the same pattern as Table 3. Relative to the comparison category,

values of temp below 10C reduce the probability of finishing primary by 4-5 percentage

points, and the probability of finishing secondary by 3-4 percentage points. These effects

8In these and the following tables, the coefficients on precip result not statistically significant and thus
are not discussed in the main text.

7



decrease monotonically as temp approaches the comparison category, and with no significant

effects for temp above it.

4.2 Labor Market Outcomes

Table 5 and Figure 3 show that the schooling effects reported in the previous section have

sizable repercussions in standardized earnings. Following the pattern found in education,

while temp does not affect male earnings during adulthood, females born in the lowest bins of

temp have significantly lower earnings during adulthood than the comparison category. Being

exposed to temp below 10C reduces earnings by 0.09-0.10 standard deviations. As in the case

of schooling, the effect decreases monotonically for observations closer to the comparison

category. The difference with the comparison category is 0.05 standard deviations in the

10.0-12.5 temp bin, and about 0.03 standard deviations for temp between 12.5 and 17.5C.

Marginal effects for males are smaller in magnitude and, with two exceptions, not statistically

significant. As a robustness check we constructed real income (in Soles of 2015 Lima), with

similar results.

To complement the findings on earnings we examine access to formal employment. In

Peru, as in most developing countries, formal employment is a good indicator of job quality,

as the informal sector, which accounts for a large fraction of jobs, offers low, unsteady

wages, no pension plans or other benefits. Thus, these variable is also an indicator for

having a pension plan. Results, reported in Table 6, show the same pattern as all the

previously reported outcomes: colder temperatures during gestation reduce the probability

of being formally employed for females but not for males. Being exposed to temp below

10C reduces the probability of having formal employment during adulthood by 3 percentage

points relative to the comparison category. The point estimates decrease to 1-2 percentage

points for bins closer to the comparison category. Only 12 percent of females are formally

employed, so these effects are sizable. As in previous outcomes, variations in temp have no

effect on access to formal employment among males.
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4.3 Mechanisms

The main mediating channel we examine is maternal health and health-seeking behavior.

In this and the following tables, the explanatory variable is average temperature during

pregnancy, pregtemp. Table 7 and Figures 4- 6, report results on the prevalence of maternal

anemia and iron intake by poverty status. In this and the following tables we present the

results of equation (3). Columns (1) and (2) show that maternal anemia prevalence increases

in response to higher pregtemp, but only among women from poor households. The effects are

largest for the lowest values of pregtemp, with a 1C increase in pregtemp increasing maternal

anemia prevalence by 60-80 percentage points in bins below 7.5C, by 40-50 percentage points

in the 7.5-12.5C bins, and 30 percentage points in the 12.5-15C bin. The effect becomes non

significant for pregtemp above 15C. There is extensive evidence that iron supplementation

reduces maternal anemia (Bhutta et al., 2005). Columns (3) and (4) show that, while poor

women do not change iron intake in response to variations in pregtemp, non-poor women

with pregtemp up to 17.5C increase iron intake in response to higher pregtemp, possibly

explaining why anemia prevalence in this group does not respond to changes in temperature

during pregnancy.

Among non-poor women exposed to pregtem below 10C, the share of pregnant women

taking iron supplements increases in response to 1C higher pregtemp by 25-35 percentage

points. The effect reduces monotonically for values of pregtemp closer to thermal comfort,

from 17 percentage points in the 10.0-12.5C bin, to 4 percentage points in the 15-17.5C bin.

Furthermore, columns (5) and (6) show an increase in the number of days taking iron, from

30 additional days in pregtemp below 10C, to 21 days for pregtemp between 10.0 and 12.5C.

On the other hand, women from poor households do not exhibit this behavior, with a couple

of exceptions.9

In Table 8 and Figure 7 we analyze the effects of pregtemp on antenatal care. Changes in

9Poor pregnant women in the 15-17.5C pregtemp bin increase the percentage taking iron supplements by
6 percentage points, and poor pregnant women with pregtemp between 12.5 and 17.5C increase the number
of days taking iron supplements by 18-21 days for pregnancies with pregtemp between 12.5 and 17.5C.
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pregtemp do not statistically affect the probability of having at least one antenatal care visit

among poor women. The likelihood of having at least one visit increases by 2 percentage

points among non-poor women in the 7.5-10C and 12.5-15.0C pregtemp bins, and by 1-2

percentage points in the pregtemp bins above 20C. However, temperature does not affect

the timing of the first visit, with the exception of the 12.5-15.0C pregtemp bin among non-

poor women, who have their first visit roughly a week earlier than the comparison category.

Despite the effects are not statistically significant among poor women, the coefficients are too

large to conclude a null effect. Fluctuations in pregtemp also have an effect on the number

of antenatal visits. Non-poor women from cold areas respond to higher temperatures by

increasing the number of antenatal visits. Females in the 7.5-10 and 10-12.5C pregtemp bins

have 1.3 and 1 additional visits, respectively, than the comparison category. The number

of visits among poor women, on the other hand, does not change. The marginal effects are

not significant (with one exception, at the 10% of confidence) and the point estimates in the

coldest bins (up to 12.5C) are negative.

Summing up, the evidence in Tables 7 and 8 collectively suggests that non-poor women

are able to, at least partially, mitigate the effects of colder temperature. Their intake of

iron pills is increased, reducing anemia prevalence, as well as the number of antenatal visits.

However, their counterparts from poor households do not exhibit these behaviors, and in

consequence anemia prevalence is higher than the comparison category.

5 Conclusions

This paper shows that temperature during gestation has sizable effects on human capital

accumulation among females in Peru. The effects on males are smaller in magnitude and

not statistically significant. Females exposed to average in-utero temperature under 10C

lose 0.3 years of schooling relative to the comparison category (temp between 17.5-20C).

Consistent with previous studies, temperature during gestation plays a more important role
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than precipitation, which has no significant effects on the variables under analysis.

The large effects on schooling we document are reflected in labor market outcomes.

Females exposed to temp below 10C report average labor income 0.10 standard deviations

lower than the comparison category, and their probability of being formally employed is 25%

lower (3 percentage point reduction, off of a mean of 12 percent).

Maternal health and health-seeking behavior during pregnancy seem to be an important

mediating channel for these outcomes. Maternal anemia prevalence is higher among women

who had pregnancies in cold temperatures in than in the comparison category, but only

among poor women. Non-poor women, on the other hand, adjust their behavior in response

to cold weather and mitigate the effects of temperature on maternal anemia, for instance,

by increasing iron supplement intake and the number of antenatal visits. As a result, the

prevalence of maternal anemia is unaltered by temperature for this group.

Unlike the patterns that appear for females, the effects of temp on male education and

labor outcomes are small and not statistically significant. This suggests households take

measures to mitigate the effects of temp on their sons’ development. Furthermore, since

weather shocks increase maternal anemia among poor women but apparently not the devel-

opment of their sons, our findings suggest that even poor households put in place mitigation

mechanisms to allow their sons to catch up. Further research is necessary to corroborate

this corollary, and to understand the underlying causes behind it.

Our study has two important caveats. First, the available data on the mediating channels

starts only in 2004, not in 1950 like the data on schooling attainment and employment.

Second, our data does not allow to identify whether the changes in maternal health and

health-seeking behavior are due to supply or demand bottlenecks. A further caveat of our

study is that the effects of high temp are indeterminate. Despite some coefficients are positive,

the confidence intervals are too wide to rule out negative effects. This is due to two facts: (i)

There are fewer clusters in the right tail of the temp distribution, and (ii) the sample does

not include extremely high values of temp.
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However, a clear policy implication stems from our findings: efforts to promote iron intake

among pregnant women should be boosted, especially in cold regions. Besides our findings,

other literature suggests that investments during gestation offer the highest payoffs, because

their benefits are larger, are enjoyed for longer, and increase the return to investment (Doyle

et al., 2009) as early investment raises the productivity of later investment (Heckman, 2006).
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Figure 1: Average weather conditions, 1950-2015

Notes: Dots represent each district’s centroid. Source: Climatic Research Unit.
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Figure 2: Marginal effect of in-utero temperature on schooling attainment

(a) Females
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Notes: These figures illustrate the results of Table 3, columns (2) and (3). The vertical axis measures the

marginal effect of a 1C increase in average in-utero temperature on schooling attainment. The comparison

category is 17.5-20C. Dashed lines represent the 95% confidence bands (standard errors clustered at the

province level). Sources: National Household Surveys, 2001-2015, and Climatic Research Unit.
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Figure 3: Marginal effect of in-utero temperature on earnings during adulthood
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Notes: These figures illustrate the results of Table 5, columns (2) and (3). The vertical axis measures

the marginal effect of a 1C increase in average in-utero temperature on earnings during adulthood. The

comparison category is 17.5-20C. Dashed lines represent the 95% confidence bands (standard errors clustered

at the province level). Sources: National Household Surveys, 2001-2015, and Climatic Research Unit.
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Figure 4: Marginal effect average temperature during pregnancy on prevalence of maternal
anemia
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Notes: These figures illustrate the results of Table 7, columns (1) and (2). The vertical axis measures

the marginal effect of a 1C increase in average temperature during pregnancy on anemia prevalence. The

comparison category is 17.5-20C. Dashed lines represent the 95% confidence bands (standard errors clustered

at the province level). Sources: Demographic and Health Surveys 2004-2015, and Climatic Research Unit.
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Figure 5: Marginal effect of average temperature during pregnancy on probability of con-
suming iron supplements
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Notes: These figures illustrate the results of Table 7, columns (3) and (4). The vertical axis measures the

marginal effect of a 1C increase in average temperature during pregnancy on the percentage of pregnant

women that take iron supplements. The comparison category is 17.5-20C. Dashed lines represent the 95%

confidence bands (standard errors clustered at the province level). Sources: Demographic and Health Surveys

2004-2015, and Climatic Research Unit.
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Figure 6: Marginal effect of average temperature during pregnancy on consumption of iron
supplements (days)
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Notes: These figures illustrate the results of Table 7, columns (5) and (6). The vertical axis measures the

marginal effect of a 1C increase in average temperature during pregnancy on the number of days pregnant

women took iron supplements. The comparison category is 17.5-20C. Dashed lines represent the 95% con-

fidence bands (standard errors clustered at the province level). Sources: Demographic and Health Surveys

2004-2015, and Climatic Research Unit.
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Figure 7: Marginal effect of average temperature during pregnancy on number of prenatal
care visits
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Notes: These figures illustrate the results of Table 8, columns (5) and (6). The vertical axis measures the

marginal effect of a 1C increase in average temperature during pregnancy on the number of prenatal care

visits. The comparison category is 17.5-20C. Dashed lines represent the 95% confidence bands (standard

errors clustered at the province level). Sources: Demographic and Health Surveys 2004-2015, and Climatic

Research Unit.
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Table 1: Descriptive statistics: Schooling and employment

All Female Male
Education

Years of Schooling 7.12 6.80 7.44
(4.84) (4.92) (4.73)

Literacy rate 0.84 0.82 0.87
(0.36) (0.39) (0.34)

No schooling (%) 0.08 0.10 0.07
(0.28) (0.30) (0.25)

Complete primary (%) 0.59 0.56 0.63
(0.49) (0.50) (0.48)

Complete secondary (%) 0.33 0.31 0.35
(0.47) (0.46) (0.48)

Labor Market

Monthly income 710.6 526.9 857.7
(1165.83) (888.18) (1329.43)

Formal employment (%) 0.18 0.12 0.23
(0.38) (0.33) (0.42)

Source: National Household Surveys, 2001-2015
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Table 2: Descriptive statistics: Maternal health

All Poor Non-Poor
Anemia prevalence (%) 0.283 0.295 0.266

(0.450) (0.456) (0.442)

Iron intake during pregnancy

Took iron supplements (%) 0.770 0.750 0.796
(0.421) (0.433) (0.403)

Days of iron intake 55.06 50.36 61.30
(62.15) (58.51) (66.15)

Pre-natal care visits

% With at least one visit 0.964 0.947 0.986
(0.186) (0.223) (0.116)

Month of first visit 2.874 3.122 2.557)
(1.627) (1.676) (1.505)

Number of visits 7.796 7.137 8.670
(3.335) (3.251) (3.241)

Source: Demographic Health Surveys, 2004-2015
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Table 3: Schooling attainment (years)

(1) (2) (3)
Alll Females Males

temp ≤5.0 -0.111 -0.363∗ 0.089
(0.131) (0.186) (0.152)

5.0< temp ≤7.5 -0.082 -0.317∗∗ 0.129
(0.105) (0.130) (0.132)

7.5< temp ≤10.0 -0.095 -0.323∗∗∗ 0.110
(0.097) (0.123) (0.115)

10.0< temp ≤12.5 -0.024 -0.184∗ 0.122
(0.084) (0.111) (0.090)

12.5< temp ≤15.0 -0.044 -0.128 0.038
(0.063) (0.079) (0.069)

15.0< temp ≤17.5 -0.045 -0.109∗∗∗ 0.031
(0.032) (0.039) (0.038)

20.0< temp ≤22.5 -0.027 -0.022 -0.042
(0.029) (0.041) (0.041)

22.5< temp ≤25.0 -0.060 -0.056 -0.063
(0.045) (0.053) (0.060)

temp >25.0 -0.022 0.037 -0.085
(0.064) (0.082) (0.082)

Mean of Dep Variable: 7.12 6.80 7.44
Number of Observations 1006833 507801 499023
R squared 0.506 0.502 0.549

Notes: Dependent variable is years of schooling. temp is average in-utero temperature (in de-
grees Celsius). The comparison category is 17.5-20C. All regressions control for precipitation
(binned at 50mm intervals) and include fixed effects for district of birth, date of birth (month
and year), year the person was surveyed, and district-level trends, following the specification
in equation (1). Standard errors are clustered at the province level. Statistically significant
at the 90(*), 95(**) and 99(***) percent of confidence. Source: National Household Surveys,
2001-2015, and CRU database.
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Table 4: Schooling attainment (level)

(1) (2) (3) (4) (5) (6)
Primary Secondary

All Females Males All Females Males
temp ≤5.0 -0.024∗∗ -0.046∗∗∗ -0.006 -0.009 -0.038∗∗ 0.016

(0.012) (0.017) (0.015) (0.015) (0.019) (0.019)

5.0< temp ≤7.5 -0.022∗∗ -0.043∗∗∗ -0.004 -0.013 -0.038∗∗∗ 0.010
(0.010) (0.013) (0.013) (0.012) (0.014) (0.017)

7.5< temp ≤10.0 -0.024∗∗ -0.046∗∗∗ -0.003 -0.015 -0.034∗∗∗ 0.002
(0.010) (0.012) (0.012) (0.011) (0.013) (0.014)

10.0< temp ≤12.5 -0.012 -0.028∗∗∗ 0.003 -0.008 -0.026∗∗ 0.008
(0.009) (0.011) (0.011) (0.010) (0.012) (0.013)

12.5< temp ≤15.0 -0.006 -0.016∗∗ 0.005 -0.008 -0.020∗∗∗ 0.005
(0.007) (0.008) (0.008) (0.006) (0.007) (0.009)

15.0< temp ≤17.5 -0.003 -0.009∗ 0.004 -0.005 -0.013∗∗∗ 0.003
(0.004) (0.005) (0.004) (0.003) (0.004) (0.005)

20.0< temp ≤22.5 -0.003 -0.004 -0.003 0.000 0.006 -0.006
(0.003) (0.004) (0.004) (0.004) (0.005) (0.005)

22.5< temp ≤25.0 -0.006 -0.008 -0.005 -0.001 0.006 -0.008
(0.004) (0.006) (0.006) (0.006) (0.007) (0.008)

temp >25.0 -0.004 -0.005 -0.005 0.005 0.018∗ -0.008
(0.006) (0.009) (0.008) (0.009) (0.011) (0.011)

Mean of Dep Variable: 0.59 0.56 0.63 0.33 0.31 0.35
Number of Observations 1006833 507801 499023 1006833 507801 499023
R squared 0.419 0.420 0.448 0.332 0.333 0.354

Notes: Dependent variable is having completed primary (cols 1-3) or secondary (cols 4-
6) education. temp is average in-utero temperature (in degrees Celsius). The comparison
category is 17.5-20C. All regressions control for precipitation (binned at 50mm intervals)
and include fixed effects for district of birth, date of birth (month and year), year the person
was surveyed, and district-level trends, following the specification in equation (1). Standard
errors are clustered at the province level. Statistically significant at the 90(*), 95(**), and
99(***) percent of confidence Source: National Household Surveys, 2001-2015, and CRU
database.
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Table 5: Earnings

(1) (2) (3)
All Females Males

temp ≤5.0 -0.042 -0.098∗∗∗ -0.007
(0.032) (0.034) (0.046)

5.0< temp ≤7.5 -0.052∗ -0.104∗∗∗ -0.008
(0.027) (0.028) (0.039)

7.5< temp ≤10.0 -0.034 -0.093∗∗∗ 0.016
(0.026) (0.027) (0.038)

10.0< temp ≤12.5 -0.008 -0.053∗∗ 0.033
(0.020) (0.022) (0.030)

12.5< temp ≤15.0 -0.004 -0.037∗ 0.027
(0.016) (0.019) (0.022)

15.0< temp ≤17.5 0.014 -0.026∗∗ 0.047∗∗∗

(0.009) (0.013) (0.014)

20.0< temp ≤22.5 0.014 -0.008 0.029∗

(0.010) (0.010) (0.015)

22.5< temp ≤25.0 0.011 0.001 0.017
(0.011) (0.013) (0.017)

temp >25.0 0.017 0.016 0.019
(0.015) (0.019) (0.022)

Mean of Dep Variable: 0.00 -0.19 0.15
Number of Observations 508641 226244 282380
Number of Clusters 193 193 193
R squared 0.084 0.088 0.112

Notes: Dependent variable is standardized earnings. temp is average in-utero temperature
(in degrees Celsius). The comparison category is 17.5-20C. All regressions control for pre-
cipitation (binned at 50mm intervals) and include fixed effects for district of birth, date of
birth (month and year), year the person was surveyed, and district-level trends, following
the specification in equation (1). Standard errors are clustered at the province level. Statis-
tically significant at the 90(*), 95(**), and 99(***) percent of confidence. Source: National
Household Surveys, 2001-2015, and CRU database.
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Table 6: Employment

(1) (2) (3) (4) (5) (6)
Formal Employment Underemployment

All Females Males All Females Males
temp ≤5.0 -0.007 -0.005 -0.008 -0.004 0.005 -0.013

(0.010) (0.012) (0.014) (0.011) (0.015) (0.016)

5.0< temp ≤7.5 -0.019∗∗ -0.026∗∗ -0.008 -0.003 -0.001 -0.007
(0.009) (0.010) (0.012) (0.009) (0.012) (0.012)

7.5< temp ≤10.0 -0.017∗∗ -0.026∗∗∗ -0.005 -0.006 -0.006 -0.008
(0.008) (0.009) (0.011) (0.008) (0.011) (0.010)

10.0< temp ≤12.5 -0.010 -0.013∗ -0.004 -0.007 -0.010 -0.005
(0.007) (0.007) (0.010) (0.007) (0.010) (0.008)

12.5< temp ≤15.0 -0.012∗∗ -0.018∗∗∗ -0.004 -0.008 -0.005 -0.011
(0.005) (0.006) (0.007) (0.006) (0.008) (0.008)

15.0< temp ≤17.5 -0.005 -0.008∗ -0.002 -0.003 0.003 -0.008
(0.004) (0.004) (0.005) (0.004) (0.007) (0.006)

20.0< temp ≤22.5 -0.002 -0.004 -0.001 0.003 0.006 -0.000
(0.003) (0.004) (0.005) (0.005) (0.007) (0.005)

22.5< temp ≤25.0 0.000 -0.003 0.002 0.002 0.008 -0.002
(0.004) (0.005) (0.007) (0.006) (0.008) (0.007)

temp >25.0 0.000 -0.006 0.006 0.003 0.018∗ -0.007
(0.006) (0.008) (0.009) (0.008) (0.010) (0.009)

Mean of Dep Variable: 0.18 0.12 0.23 0.17 0.15 0.19
Number of Observations 711542 361387 350142 508641 226244 282380
Number of Clusters 193 193 193 193 193 193
R squared 0.167 0.140 0.234 0.063 0.072 0.072

Notes: Dependent variables are indicators for having formal employment (cols 1-3) and for
being underemployed (cols 4-6). temp is average in-utero temperature (in degrees Celsius).
The comparison category is 17.5-20C. All regressions control for precipitation (binned at
50mm intervals) and include fixed effects for district of birth, date of birth (month and
year), year the person was surveyed, and district-level trends, following the specification in
equation (1). Standard errors are clustered at the province level. Statistically significant at
the 90(*), 95(**), and 99(***) percent of confidence. Source: National Household Surveys,
2001-2015, and CRU database.
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Table 7: Maternal anemia and intake of iron supplements during pregnancy

(1) (2) (3) (4) (5) (6)
Anemia Iron Intake Iron Days

Poor Non-poor Poor Non-poor Poor Non-poor
pregtemp ≤5.0 0.629∗ 0.269 -0.088 0.371∗∗∗ 8.241 29.680∗∗

(0.343) (0.334) (0.102) (0.100) (15.208) (12.933)

5.0< pregtemp ≤7.5 0.810∗∗ -0.200 -0.071 0.322∗∗∗ -1.675 24.255∗∗

(0.330) (0.266) (0.076) (0.078) (13.277) (12.156)

7.5< pregtemp ≤10.0 0.433 -0.177 -0.050 0.249∗∗∗ 4.208 22.471∗∗

(0.303) (0.211) (0.065) (0.059) (12.094) (10.359)

10.0< pregtemp ≤12.5 0.490∗ -0.161 -0.060 0.171∗∗∗ 11.246 20.543∗∗

(0.267) (0.194) (0.057) (0.043) (9.235) (9.449)

12.5< pregtemp ≤15.0 0.289∗ -0.019 0.060 0.113∗∗∗ 20.501∗∗∗ 11.551
(0.164) (0.169) (0.040) (0.031) (6.911) (7.512)

15.0< pregtemp ≤17.5 0.061 0.080 0.067∗∗ 0.044∗ 18.342∗∗∗ 3.694
(0.104) (0.078) (0.029) (0.023) (3.689) (4.100)

20.0< pregtemp ≤22.5 -0.177 0.010 -0.035 -0.006 -1.837 4.710
(0.211) (0.121) (0.032) (0.031) (7.307) (5.771)

22.5< pregtemp ≤25.0 -0.049 -0.041 -0.082 -0.035 -15.567∗ 1.180
(0.230) (0.131) (0.052) (0.036) (8.449) (6.534)

pregtemp >25.0 -0.170 -0.113 -0.119∗∗ -0.020 -21.150∗∗ 5.833
(0.245) (0.129) (0.060) (0.042) (9.227) (6.808)

Mean of Dep Variable: 0.29 0.27 0.75 0.80 50.34 61.30
Number of Observations 3976 3005 40045 30117 39913 30013
Number of Clusters 176 119 192 175 192 175
R squared 0.432 0.298 0.212 0.155 0.253 0.251

Notes: Dependent variables are anemia prevalence (cols 1-2), share of pregnant women that
take iron supplements (cols 3-4), and number of days pregnant women took iron supplements
(cols 5-6). pregtemp is average temperature during pregnancy (in degrees Celsius). The
comparison category is 17.5-20C. All regressions control for precipitation during pregnancy
(binned at 50mm intervals) and include fixed effects for district of birth, the child’s date of
birth (month and year), year the person was surveyed, and district-level trends, following the
specification in equation (3). Standard errors are clustered at the province level. Statistically
significant at the 90(*), 95(**), and 99(***) percent of confidence. Source: Demographic
Health Surveys, 2004-2015, and CRU database
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Table 8: Pre-natal care visits

(1) (2) (3) (4) (5) (6)
Prenatal control Month of 1st control Number of controls
Poor Non-poor Poor Non-poor Poor Non-poor

pregtemp ≤5.0 -0.073 -0.017 0.209 0.174 -0.194 0.355
(0.051) (0.018) (0.534) (0.360) (1.017) (0.761)

5.0< pregtemp ≤7.5 -0.065 -0.003 0.219 0.146 -0.641 0.855
(0.044) (0.013) (0.392) (0.338) (0.704) (0.641)

7.5< pregtemp ≤10.0 -0.057 0.022∗ 0.116 -0.066 -0.720 1.336∗∗∗

(0.040) (0.011) (0.367) (0.173) (0.668) (0.375)

10.0< pregtemp ≤12.5 -0.052 0.015 0.299 -0.114 -1.122∗ 0.967∗∗

(0.036) (0.010) (0.329) (0.128) (0.615) (0.375)

12.5< pregtemp ≤15.0 0.001 0.019∗∗ 0.029 -0.266∗∗∗ 0.223 0.673∗∗

(0.020) (0.010) (0.271) (0.097) (0.379) (0.298)

15.0< pregtemp ≤17.5 0.012 0.012 -0.180 -0.024 0.460 0.355∗∗

(0.014) (0.008) (0.167) (0.070) (0.292) (0.147)

20.0< pregtemp ≤22.5 -0.001 0.009∗∗∗ 0.015 0.053 -0.156 -0.231
(0.020) (0.003) (0.192) (0.080) (0.521) (0.150)

22.5< pregtemp ≤25.0 -0.010 0.017∗∗∗ 0.133 0.105 -0.589 -0.363
(0.031) (0.006) (0.199) (0.135) (0.602) (0.298)

pregtemp >25.0 -0.047 0.012∗ 0.188 -0.006 -1.281∗ -0.229
(0.036) (0.007) (0.216) (0.140) (0.674) (0.319)

Mean of Dep Variable: 0.95 0.99 3.12 2.56 7.14 8.67
Number of Observations 40074 30136 37939 29728 39994 30082
Number of Clusters 192 175 192 175 192 175
R squared 0.182 0.105 0.132 0.096 0.246 0.125

Notes: Dependent variables are share of pregnant women that had at least one prenatal care
visit (cols 1-2), month of the first visit (cols 3-4), and number of visits during the pregnancy
(cols 5-6). pregtemp is average temperature during pregnancy (in degrees Celsius). The
comparison category is 17.5-20C. All regressions control for precipitation during pregnancy
(binned at 50mm intervals) and include fixed effects for district of birth, the child’s date of
birth (month and year), year the person was surveyed, and district-level trends, following the
specification in equation (3). Standard errors are clustered at the province level. Statistically
significant at the 90(*), 95(**), and 99(***) percent of confidence. Source: Demographic
Health Surveys, 2004-2015, and CRU database
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