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La Niña y los niños: Efectos de una ola invernal

inesperada en el capital humano y reacciones de las

familias

BRANDO, JUAN FELIPE Y SANTOS, RAFAEL J.

Usamos choques de lluvia causados por La Niña en Colombia

entre 2010 y 2011 como fuente de variación en los inputs de for-

mación de capital humano. Observamos variables de resultado

en 2013 para niños entre 0 y 5 años de edad y carácteristicas de

los hogares justo antes de La Niña. Medimos exposición a la Niña

usando el número de dı́as de lluvias extremas para diferentes eda-

des usando la fecha de nacimiento del niño, la ubicación exacta

del hogar y la estación meteorológica más cercana. Encontra-

mos que la exposición en útero reduce el peso al nacer (0.19DE),

reduce el aumento mensual promedio en peso (0.07DE), el peso

actual (0.15DE) y la altura actual (0.12DE). La exposición du-

rante el segundo año de vida aumenta el riesgo de sufrir proble-

mas socio-emocionales (0.19DE) y disminuye los resultados en

pruebas cognitivas (0.10DE). Los niños que sufren un choque du-

rante una edad crı́tica reciben menos inversión de sus familias y

esto es consistente con reforzamiento. Los hogares no lograron

proteger su consumo y su gasto en salud y educación disminuye

(0.06DE). Sin embargo los hogares no reportan haber sido direc-

tamente afectados por el invierno.

JEL: I10, I20, O15,Q54, Q56. Palabras-clave: Capital humano,

primera infancia, desastres naturales.
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The development of health, cognitive and socio-emotional capabilities in early

life is crucial for future well-being (Almond and Currie (2011a)). Investments

in nutrition and mental skills before age five positively affect adult outcomes

such as height, schooling and wages (Behrman and Rosenzweig (2004); Walker

et al. (2006); Garces et al. (2002); Heckman et al. (2010); Barnett and Masse

(2007)). Likewise, early childhood interventions in developing countries - Ja-

maica (Gertler et al. (2014)), Guatemala (Hoddinott et al. (2008)) and Colombia

(Attanasio et al. (2014, 2015))- have proven extremely effective increasing short,

medium and longterm human capital. From a different perspective, the delete-

rious consequences of adverse early life conditions on human capital have been

vastly documented (Baez et al. (2010)) . Part of this literature, which we join in

this paper, examines the human capital consequences of natural events such as

rainfall shocks (Maccini and Yang (2009)), floods (Aguilar and Vicarelli (2012);

Rosales-Rueda (2014)), droughts (Hoddinott and Kinsey (2001)) and extreme

temperatures (Deschenes et al. (2009)).

The research in these areas has increased dramatically but some inquiry fields

remain open. One important task is that of identifying periods where the tech-

nology of skill formation is more responsive to investments or shocks (sensitive

and critical periods) (Almond and Currie (2011a)). Are there critical periods in

the formation of human capital before age 5? Are these critical periods different

for different abilities? Another crucial question relates to behavioral responses to

shocks that affect human capital formation. Do families reinforce or compensate

the endowment effects of these shocks? (Almond and Mazumder (2013)).

This paper uses an unusual natural event and unique data to explore these and

other important questions. We use rainfall anomalies during the unprecedented

winter originated by La Niña in Colombia between July 2010 and December
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2011 as a source of variation in the early life conditions of kids exposed to these

shocks at different stages in their life.

We have two waves of longitudinal data which timing is ideal for this research:

one round of the survey ended one month before the winter and the second round

started one year and a half after it. We therefore focus on the short term effects of

rainfall anomalies on the welfare of kids aged 0 to 5 for whom we have measures

of health, cognitive and socio-emotional abilities. We measure exposure to La

Niña in utero and in each of the first four years of life using the exact day of birth

of the kid, the geocoded residence of his family and measures of daily rainfall

anomalies from the closest weather station.

With these data we are able to identify critical periods of exposure for differ-

ent abilities, including socio-emotional abilities. We also use the longitudinal

dimension of the panel to measure economically important household character-

istics just before the shocks (poverty status, education, social capital and access

to credit) and to investigate heterogeneous effects according to these characteris-

tics. The panel also allows us to explore the effects of the winter on household

consumption. Finally, we analyze how the human capital investments that each

kid receives depend on when he was exposed to La Niña.

Recent papers relate to ours. Rosales-Rueda (2014) and Aguilar and Vicarelli

(2012) use variations in rainfall induced by El Niño in Ecuador and in Mexico,

respectively, to identify critical periods in early life but these papers differ in

several aspects from ours: First, it is not clear whether their analyses apply only

to extreme shocks while we are able to show that most of our estimates are not

capturing the effects of floods and landslides, the effects of infrastructure destruc-

tion (including the destruction of the place of residence of the kid) or changes in

the disease environment. Second, their estimates suffer from measurement er-
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ror since they use monthly instead of daily rainfall, the month (Rosales-Rueda

(2014)) or year (Aguilar and Vicarelli (2012)) instead of the day of birth of the

kids and they lack geocoded household and rainfall data. Third, these papers

estimate the effects of exposure to rainfall anomalies four to seven years after

the shocks while we focus on shorter term effects, one year and a half to three

years after the shocks. These papers also have data constraints to correctly esti-

mate heterogeneous effects based on predetermined characteristics or to analyze

investment at the children level.

After checking for balance and selection in the sample, we find that 16 days

with extreme rainfall in utero (a standard deviation) translate into a decrease in

birth-weight of 0.19 standard deviations, an increase of 4.6% in the incidence

of low birth-weight and a decrease in weight gain per month of 0.07 standard

deviations. Consequently, exposure in utero reduces actual weight by 0.15 stan-

dard deviations and actual height by 0.12 standard deviations. These effects are

concentrated in the first and second trimesters of gestation. Results in cognitive

tests are reduced by 0.018 standard deviations with the caveat that only 12 kids

of those who were tested were in utero during La Niña. These findings are con-

sistent with the economic interpretation of the fetal origins hypothesis (Almond

and Currie (2011b)) and highlight the gestation period as a critical period with

manifest rather than latent effects since the beginning of life.

Perhaps more original, we uncover the second year of life as a critical period

for cognitive and for socio-emotional abilities. Specifically, kids exposed to la

Niña for 23 days during the second year of life have scores that are 0.1 standard

deviations lower in the Peabody Picture Vocabulary test and are 7.6% more likely

of being at risk for socio-emotional problems according to the Age & Stages

questionnaire. These kids have difficulties following orders, doing normal tasks
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in life and interacting with others. In sum while a critical period for health is

the gestation period, a critical period for cognitive and socio-emotional abilities

is the second year of life. The second year of life result is consistent with the

medical literature: it is in the second year of life that the plasticity of the brain

is highest in terms of emotional control, habitual ways of responding, language

and symbol development (Council for Early Child Development (2010)). These

findings also explain why the mental stimulation arm of the Colombian early

childhood intervention program -which targeted kids aged 12 to 24 months- in-

creased cognitive and socio-emotional development while the micro-nutrient arm

did not affect any outcome (Attanasio et al. (2014, 2015)). These findings can

also explain a similar pattern in the Jamaica experiment which targeted children

aged 9 to 24 months: in that case, mental stimulation but not nutrition affected

adult outcomes (Gertler et al. (2014)). The policy message is clear: nutrition pro-

grams should target pregnant mothers while mental stimulation programs should

target kids in their second year of life.

Turning to heterogenous effects our main result is a null result: in the short term

most of the family characteristics that economists consider relevant for mitigat-

ing the effects of negative shocks do not have an intervening role or our sample

is not big enough to detect it. This is true for all variables except for being above

the poverty line which amplifies the negative effect of the shocks for weight and

captures all of the effect for height and results in cognitive tests. A similar re-

sult is shown by Figlio et al. (2014) who, using within-twins estimates, find that

the effect of birthweight on cognitive outcomes is stronger for families of higher

socio-economic status. According to our interpretation of the Cunha and Heck-

man (2007) model this is not inconsistent with the poor being more vulnerable to

the shocks in terms of investment tightening if there are strong complementarities
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in the production function of human capital.

Finally, and also in light of the model presented in section 2, we argue that if

the investments that a kid receives negatively react to shocks during the identified

critical periods, it is likely that parents are reinforcing the negative effects of these

shocks. In general, this is what we find. Members of the family talk less to kids

exposed to La Niña in utero and in the second year of life. Kids exposed during

the second year of life are less likely to attend preschool; and they also eat less

proteins from animal sources. This decrease in investment occurs at the same

time that households per capita consumption and in particular expenditures in

health and education were dampened by the winter.

The paper proceeds as follows: Section I describes La Niña and defines its time

frame. Section II lays down the model which is crucial to define the terms used

in this paper and to give an economic interpretation to the results. Section III

presents the empirical strategy and section IV the data. Section V reports results

and section VI concludes.

I. La Niña 2010-2011

In 2010 and 2011, Colombia suffered a period of extreme and prolonged rains

as a consequence of La Niña phenomenon. These extreme rains generated dis-

asters such as floods, landslides and subsidences in 87% of Colombian munici-

palities (own calculations). Colombian authorities describe the cold-wave as the

largest disaster in Colombian history (Colombia Humanitaria (2014)). The mag-

nitude but also the duration of the phenomenon were unexpected (CEPAL BID

(2012)). The time frame of La Niña is easily observable in the data. Figure 1

shows the Southern Oscillation Index (SOI) for the period 1980-2013 (National

Centers for Environmental Information). The Southern Oscillation Index is a a
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Figure 1. : Southern Oscillation Index

measure of atmospheric pressure in the Pacific Ocean. Values of the SOI above

8 are used to define episodes of La Niña. The period between July 2010 and

December 2011 is unusual because a double trident corresponding to the highest

values of the SOI is observed: Six values of the SOI above 20 occur in this short

time frame in the months of July 2010, December 2010, February 2011, March

2011, April 2011 and December 2011.

Figure 2 illustrates how these extreme values of the SOI translate into rainfall

anomalies in the Colombian territory: The figures show rainfall anomalies in

Colombian municipalities before (July 2009) and after La Niña (July 2010).
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(a) Standardized Rainfall before La Niña

(b) Standardized Rainfall during La Niña

Figure 2. : Standardized Rainfall Before and During La Niña
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Borders cover municipalities and red borders cover the municipalities where

the households in our sample live. From the maps it is clear that when the SOI

is above 20 (in july 2010) a big fraction of the Colombian territory experiences

extreme rainfall. Some of the red municipalities (one fifth) are however unaf-

fected by this shock in this particular month. Similar patterns arise in the other

5 months where the SOI is above 20 but different municipalities are affected in

different episodes (monthly maps from July 2009 to may 2012 are available upon

request). Given the information from these data we define the period of La Niña

as the period between July 2010 and December 2011.

Figure 3. : Monthly Rainfall Anomalies

Figure 3 shows the time series of standardized rainfall which also increases
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abruptly in the defined period. Our definition coincides also with that of the

Colombian authorities for the two winter waves.

In this section we presented rainfall data with variation at the monthly and

municipality level. However, in our regressions, we are much more precise: We

have daily rainfall data at the household level taken from the closest weather

station.

II. Theoretical Considerations

This paper uses the extreme weather shocks of La Niña as a source of ex-

ogenous variation in the environment conditions faced by children in utero and

during early childhood. To interpret our results we present a simplified version

of the model proposed by Cunha and Heckman (2007).

The skill formation process is represented by equation (1):

θt+1 = ft(θt , θh, It) (1)

In this equation θt+1 represents the abilities of a child at age t + 1 and ft

represents the technology of skill formation which we assume is increasing in

all of its arguments. The inputs are: currents abilities (θt ), exogenous household

characteristics which are supportive of human capital formation (θh) and family

endogenous investments in the abilities of the kid at age t (It ). In this section,

and for simplicity of exposition, we are considering that human capital is one

dimensional but in the empirical part of the paper we consider three different

dimensions of human capital: health, socio-emotional and cognitive abilities.

Family investment is endogenous and it is a function of the current abilities of

the kid, the characteristics of the household and adverse environmental condi-

tions:



LA NIÑA 12

It = g(θt , θh, Dt) (2)

Adverse conditions are assumed to decrease investment. Household character-

istics increase investment. This is because we are focusing on favorable house-

hold characteristics which are both an input in the production of abilities and

which facilitate investment in human capital. For example, richer households

invest more on their kids and they live in environments which promote the ac-

quisition of future human capital. We add a vulnerability condition which is that
∂2g

∂Dt∂θh
> 0 or, in words, that households with worse characteristics (ie: poorer

or less educated households) are more vulnerable to shocks in terms of invest-

ment. Without loss of generality we are assuming that Dt does no enter directly

in equation (1).

In the rest of this section we will focus on purely transitory shocks but we will

discuss the implications of adding some persistence to the shocks. The shock

occurs at age t and we observe the kid when he is t+s years old. We say that age

t is a critical period if ∂θt+s
∂Dt
6= 0 for s ≥ 1. In this setting this implies of course

that ∂θt+1
∂Dt
6= 0 or that family investments are critical for human capital formation

when the shock occurs.

Notice however that households subsequently react to the human capital ef-

fects of the shock. We say that households compensate endowments if ∂g
∂θt
< 0.

Otherwise, if ∂g
∂θt
> 0, we say that households reinforce endowments.

If the shock occurs in critical period t , the effect of the shock on human capital

in period t + s is given by,

∂θt+s

∂Dt
=
∂ ft+s−1

∂θt+s−1
·
∂θt+s−1

∂Dt
+
∂ ft+s−1

∂ It+s−1
·
∂ It+s−1

∂θt+s−1
·
∂θt+s−1

∂Dt
(3)



LA NIÑA 13

The two terms on the right hand side of equation (3) represent a self-productivity

effect and a family response effect. The sign of ∂θt+s
∂Dt

is ambiguous if families

compensate endowments; estimating this reduced form effect and thus identify-

ing critical periods is the first objective of this paper.

∂θt+s
∂Dt

is a function of household characteristics. Suppose for example that θh

represents household wealth and it is found that household wealth makes the neg-

ative impact of a shock stronger. This could happen -even given the vulnerability

assumption- if inputs in (1) are highly complementary. This is more likely to

happen if inputs in (1) and (2) are complementary and if parents reinforce en-

dowments. The second objective in this paper is to estimate how the effect of

a shock depends on households characteristics such as wealth, human capital,

access to credit and participation in social networks.

Finally,we will evaluate the sign of ∂ It+s
∂Dt

. That is, we will ask how family in-

vestment responds to shocks in different periods of the children’s life. In the

simple model presented here, where shocks do not persist, family investments in

period s will respond to shocks only if parents compensate or reinforce invest-

ments. If we were to allow persistent shocks, family investment will respond to

shocks in any period but the response will be different if the shock occurs in a

critical period. In that case, if families reinforce endowments, investment should

decrease more if a shock occurred during a critical period.

III. Empirical Strategy

We observe a cross-section of kids after the Niña shocks and the characteristics

of their households before and after the shocks. For child i of age t in household

h we estimate the following regression,
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yi th =
∑
τ∈T

βτexposureτ (t, h)+ dmonth + dt + dM + γ
′θh + εi th (4)

where yi th is a human capital outcome variable , exposureτ (t, h) is a measure

of exposure of the kid to La Niña during period τ ∈ T where T is the set of

periods under consideration. T = {I nUtero, Y ear1, Y ear2, Y ear3, Y ear4} in

most of the regressions. Exposure to La Niña depends on the age of the kid and

on the rainfall experienced by the household according to its place of residence.

dmonth are month of birth dummies to account for different conditions at birth

explained by within-year seasonal variation. dt are dummies for the age of the

kid in months to capture differences across cohort and dM are municipality fixed

effects to capture time-invariant regional differences. Xh are household level

variables that are observed before the shock and, therefore, are not a function

of the shock. εi th are standard errors clustered at the municipality level. The

backbone of our identification strategy consists in comparing kids of the same

ages and regions who were affected by la Niña at different intensities in different

periods of their life. In that sense, it is important to observe kids who were alive

and affected by the shock in each of the periods under consideration.

IV. Data

We use data from the two waves of the ELCA of 2010 and 2013. This is a

longitudinal survey of households in urban and rural areas conducted by Univer-

sidad de Los Andes. Since the Niña shocks took place just after the first wave of

the survey and we are interested on the effects of shocks in utero and in the first

years of life, we use the second wave to measure children outcomes but we do

control for family characteristics just before La Niña (in 2010). The first set of
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dependent variables of interest are variables which measure different dimensions

of human capital. We have several health variables: birth-weight, low birth-

weight (birth-weight<2500 grams), weight gain per month, standardized weight

for age and standardized height for age. The birth-weight measure is based on

recall data and for this reason we trim observations of this variable below the 5th

percentile and above the 95th percentile. Weight gain per month is calculated

as the difference between actual weight and birth-weight divided by the age in

months. The other health variables, weight and height, are directly measured by

the enumerators. For the cognitive dimension of human capital we use standard-

ized results from the Peabody Picture Vocabulary Test which has mean 100 and

standard deviation of 15. For the socio-emotional dimension of human capital

we rely on the Ages and Stages Socio-Emotional Test and use a dummy equal to

one if the kid is at risk for social or emotional difficulties and needs monitoring

or the assessment of a professional. We also use the result of the test which in-

creases as socio-emotional problems increase and the seven sub-scales of the test:

self-regulation, compliance, communication, adaptative functioning, autonomy,

affect and interaction.

For each kid we observe different investments. These represent the second set

of dependent variables of interest. We observe whether the kid has a vaccina-

tion card as a proxy for time investments in health and whether the kid attends

preschool. We also create measures of time consuming interactions between fam-

ily members and children. We create a dummy equal to one if family members

teach or read to the kid at least once per day (teach), a dummy equal to one if

family members speak to the kid at least once per day (speak) and a dummy

equal to one if family members play with the kid at least once per day (play).

We complement these variable with measures of investments in food: we create
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dummies that equal one if the kid consumes meat more than once per day (meat),

milk more than once per day (milk) and fruits and vegetable more than once per

day (fruits and veg.).

Predetermined controls are taken from the wave of 2010, a month before the

unprecedented Niña waves hit the country. Our basic set of controls consists of

household demographics: the total number of persons in the household, the num-

ber of male adults, the number of female adults, male children under age 15 and

female children under age 15; we also include the age of the head and the age of

the head squared. All regressions also include the average distance to the closest

rainfall station. Since we are interested in how parental characteristics mitigate

or exacerbate the shocks we create the following baseline variables: A dummy if

the head has at least completed secondary education, a measure of social capital

which takes the value of one if the head of the household participates in local

organizations, a crude proxy of credit access which takes the value of one if the

household had debts in 2010 and a dummy which takes the value of one if the

household is over the poverty line. The latter variable is created using detailed

household expenditures on consumption items in 2010 and takes the value of one

if monthly per capita expenditures are less than 207005 pesos (82 US dollars)

in urban areas or below 123502 pesos (48.62 US dollars) in rural areas (these

definitions correspond to that of the National Department of Statistics(DANE

(2011))).

Daily rainfall data is taken from The Institute of Hydrology, Meteorology

and Environmental Studies (IDEAM). To measure the shocks we match each

geocoded household in 2010 to the closest rainfall station operating each day

between January 1 of 1980 and December 31 of 2013. Average distance to the

closest rainfall station is one of the controls that we mentioned above. The distri-
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Figure 4. : Distance to closest weather station

bution of the average distance to rainfall stations is presented in figure 1. In this

figure it is clear that in rural areas the rainfall measure is noisier but in spite of

that most of our estimates on exposure do not differ by urban/rural status.

We define the period of La Niña as the period between July 2010 and December

2011 as suggested by the analysis of the data in section I. We compute a rainfall

shock in a given day of this period as follows: For January first of 2011, for exam-

ple, we compute the historic rainfall average in that day across all years and the

corresponding standard deviation; January first of 2011 will be defined as a day

with extreme rainfall if actual rainfall is one standard deviation above the historic

average for that day.1 We then measure exposure to La Niña ( exposureτ (t, h))

1Our results are robust to shocks defined over 0.7 and 1.5 standard deviations
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as the number of days with extreme rainfall during a particular stage in a child’s

life according tho his exact day of birth.

We also build competing measures for exposureτ (t, h). Recall that the lat-

ter variables capture exogenous exposure to heavy rain. Using data from the

Desinventar Project of the United Nations, we build endogenous measures of

the number of Niña related disasters (floods and landslides) and the number of

events of infrastructure destruction (health and education facilities) that a kid

experienced in his municipality of residence and in each period τ . Notice that

these two variables are endogenous since they depend on the vulnerability of the

municipality. Using data from the National Institute of Health we also build ex-

posure to diseases as the number of persons infected with malaria or dengue in

the municipality of residence of the kid and in each period τ (Maccini and Yang

(2009);Danysh et al. (2014);Rabassa et al. (2012)).

To analyze how household consumption was affected by the winter, we create

measures of total consumption expenditures in non-durable goods in 2010 and

2013 (food, personal items,utilities, etc.). We focus on two subcomponents of

this variable: food expenditures and expenditures in health and education. We

also measure expenditures in durable goods (furniture, home appliances, vehi-

cles, real state). Finally, for the urban sample, we can measure employment of

the head in 2010 and 2013. These household level variables represent our third

set of dependent variables of interest.
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Table 1—: Descriptive Statistics

mean sd N

In Utero 9.27 16.43 3640
Year 1 14.04 21.68 3640
Year 2 16.80 23.24 3640
Year 3 17.82 23.41 3640
Year 4 12.93 22.69 3640
Log birth weight 8.04 0.14 2675
Low birth weight 0.10 0.30 2675
Weight gain 359.94 228.73 2556
Standardized weight -0.25 1.08 3641
Standardized lenght -0.67 1.22 3633
Socioemotional risk 0.20 0.40 3563
Cognitive test score 102.20 19.79 5141
Vaccines 0.75 0.43 3569
Preschool 0.51 0.50 3633
Teach 0.57 0.49 3641
Speak 0.94 0.24 3641
Play 0.90 0.30 3641
Meat 0.16 0.37 3142
Milk 0.40 0.49 3142
Fruits and Veg 0.31 0.46 3641
Household size 5.23 2.40 3160
Age of head 40.47 12.72 3160
Distance to station 19038.87 11043.82 3638
Over Poverty Line 0.42 0.49 3121
Secondary Education 0.27 0.45 3160
Social Capital 0.13 0.34 3160
Credit Access 0.56 0.50 3160

Standard deviation in parenthesis.
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Descriptive statistics of the main variables described here are presented in ta-

ble 1. The first five rows of data show the mean and standard deviation of our

exposure measures (exposureτ (t, h)) which would be useful in interpreting our

results. On average, a kid in our sample was exposed to 9 days of heavy rainfall

in utero. The average birth weight of the kids in the sample is 3.1 kilograms and

one tenth of the kids have birth weights under 2.5 kilograms. The proportion of

low-birth-weight babies in Colombia in 2012 according to the World Bank De-

velopment Indicators is also 10%. Camacho (2008) using Vital Statistics Records

reports an average birth weight of 3.1 kilograms and a percentage of low-birth-

weight babies of 7.7% for the period 1998-2003. According to the government,

using the same Vital Statistics, this proportion has been increasing since 2000

and was just above 9% in 2010. The similarity of these numbers with the ones

that we report in table 1 lessens concerns about the quality of birth weight re-

call data in this sample. Notably, one fifth of the kids in this sample suffer from

socio-emotional risk according to the psychologists that administered the ASQ

test. Notice that the number of observations are higher for the cognitive test. This

is because this test was administered to kids aged 3 to 9 years old while all other

human capital measures are taken from kids aged 0 to 5 years old. To interpret

these simple statistics it is important to keep in mind that the survey samples

Colombian households below the 67 percentile of wealth. 42% of the kids in the

sample belong to households under the poverty line in 2010 and 56% of the kids

live in households with access to debt in 2010. Education levels of the heads are

low (only 27% have secondary education) and few of them participate in social

organizations.

The sample is restricted to kids belonging to households that did not migrate

and whose head did not change between 2010 and 2013. These restrictions raise
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Table 2—: Checking for Selection

(1) (2) (3) (4)

Migrated Head Changed
Migrated or

Head Changed Weighed at Birth

In Utero -0.00043 -0.00054 -0.00075 -0.00060
(0.00068) (0.00113) (0.00121) (0.00071)

Year 1 0.00028 -0.00015 0.00047 0.00098
(0.00058) (0.00115) (0.00117) (0.00073)

Year 2 0.00015 -0.00058 -0.00038 0.00066
(0.00051) (0.00092) (0.00081) (0.00082)

Year 3 0.00027 -0.00096 -0.00018 0.00044
(0.00052) (0.00094) (0.00088) (0.00080)

Year 4 0.00112 0.00008 0.00104 0.00105
(0.00075) (0.00088) (0.00117) (0.00084)

Observations 3026 3285 3456 2407

Standard errors clustered at the municipality level in parenthesis. Cross-section
regressions with month of birth dummies, cohort (age in months) dummies and
municipality fixed effects.

concerns about sample selection problems. For example, if households migrate

because of the winter and these households are worse off then our estimates

would be biased downwards. Table 2 addresses these concerns. Column (1) uses

as the dependent variable a dummy if the child belongs to a household which

migrated between 2010 and 2013 and as main regressors the measures of days

exposed to La Niña at different ages (restricting the sample to households with

the same head). Table 1 includes month of birth dummies, age in months dum-

mies and municipality fixed effects and allows for correlation of the error term

within municipalities. Other controls are not included here because their avail-

ability depends on the restrictions in the sample. Column (1) reveals that there is

no correlation between the probability that the family of a kid migrates and expo-

sure to La Niña . Column (2) uses as dependent variable a dummy if the head of

the household of the kid changed and restricts the sample to non-migrants. There

is no relationship between the stability of the household head and exposure to La



LA NIÑA 22

Niña. The dependent variable in column (3) is a dummy if the household of the

kid migrated or if the head changed. Again this is not related to exposure. Col-

umn (4) considers the problem that the decision to weigh a kid at birth might be

influenced by exposure to La Niña. There is no evidence that this is happening.

In sum, we conclude that the restrictions in the sample are not likely to affect our

estimates.

V. Results

A. Balance of the Sample

A big part of the thrust of this paper comes from the fact that the rainfall shocks

induced by La Niña can be thought as exogenous. To give one example, one

should not expect that an initially poor household, for example, is more likely

to experience heavy Niña rains than a richer household (the same is not true for

landslides, since poorer households in Colombia live in vulnerable places). In

practice, if poor households self-select to live in rainy places the randomness of

La Niña could be called into question. Since we have data on children’s house-

hold characteristics just before La Niña we can test whether the sample is bal-

anced by looking at the relationship between our exposure measures and baseline

household characteristics. This is done in table 3. Here we regress the exposure

measures against household characteristics in 2010. Column (1) uses as depen-

dent variable the number of days that a kid is exposed to La Niña in utero. There

is no significant relationship between this dependent variable and any of the 13

regressors in consideration. The next four columns repeat the exercise for expo-

sure in other periods of life as the dependent variable. To summarize, of the 75

parameter estimates presented in table 3, 9 are significant and just 3 are signif-

icant at less than the 5% level. We conclude that there is balance in the sample
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and that the exposure measures can be considered as good as random. As we will

show, our estimates change little if we include or not the controls in the first four

rows of table 3, which is again consistent with the randomness of daily rainfall

shocks.
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Table 3—: Balance

(1) (2) (3) (4) (5)
Utero Year 1 Year 2 Year 3 Year 4

Over Poverty Line -0.32711 0.03419 0.01188 0.34293 -0.06515
(0.24744) (0.30282) (0.25141) (0.37646) (0.23264)

Secondary Education 0.25953 -0.22739 -0.56557 -0.07491 0.13732
(0.35098) (0.30976) (0.45582) (0.35573) (0.41000)

Social Capital 0.17490 0.21432 0.28081 0.36929 -0.52210
(0.31238) (0.43668) (0.36541) (0.40340) (0.36270)

Credit Access 0.00330 0.23069 -0.52433∗∗ -0.64549∗ -0.05890
(0.18914) (0.38667) (0.24248) (0.33323) (0.26530)

Distance to station -0.00001 0.00004 -0.00003 0.00003 -0.00001
(0.00004) (0.00002) (0.00006) (0.00006) (0.00003)

Female -0.18150 -0.12092 0.00039 -0.28435 0.39588∗∗

(0.22048) (0.34795) (0.26690) (0.25728) (0.19080)

Male adults -0.30494 -0.07887 0.44806 -0.69628∗ -0.20725
(0.25794) (0.31121) (0.37318) (0.36259) (0.37796)

Female adults -0.30735 0.00313 0.59880∗ -0.71343∗ -0.10715
(0.25789) (0.25784) (0.33012) (0.36835) (0.33737)

Boys under 15 -0.18358 -0.11278 0.25970 -0.67235∗ 0.09533
(0.25183) (0.29010) (0.37810) (0.39391) (0.35529)

Girls under 15 -0.40401 -0.25309 0.23661 -0.78731∗∗ 0.21528
(0.26796) (0.30164) (0.37903) (0.36827) (0.34308)

Household size 0.32248 0.18373 -0.42421 0.65246∗ -0.04192
(0.25243) (0.26818) (0.33565) (0.35497) (0.36121)

Age of head 0.02627 0.04139 0.08214 0.07599 -0.10271
(0.04433) (0.08189) (0.08318) (0.06770) (0.06898)

Age of head squared -0.00061 -0.00047 -0.00096 -0.00088 0.00124
(0.00050) (0.00094) (0.00088) (0.00078) (0.00076)

Observations 2848 2848 2848 2848 2848

Standard errors clustered at the municipality level in parenthesis. Cross-section regres-
sions with month of birth dummies, cohort (age in months) dummies and municipality
fixed effects.
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B. The effects of La Niña on human capital outcomes

We will present our results pooling the data for urban and rural areas. For each

of the dependent variables in table 4, we performed Chow tests for differential

effects of all of our exposure measures by urban/rural status. We cannot reject the

null of no differential effects for all specifications but two (standardized weight

and cognitive test). We proceed using the full sample.

Table 4 presents the effects of exposure to extreme La Niña rains on health,

socio-emotional and cognitive human capital outcomes. Columns (1) and (2)

focus on variables that can only be affected by exposure to heavy rains in utero

but not afterwards: birth-weight and low birth weight, respectively. In column

(1) there is a negative and significant effect of exposure to La Niña in utero on log

birth-weight. The parameter estimate is −0.0016 (S.E . = 0.0005). On average

a kid is exposed 9.3 days to La Niña during gestation with a standard deviation

of 16.4 days (table 1); thus, an increase in one standard deviation in exposure

during gestation decreases birth weight by 2.6 percentage point (or 0.19 standard

deviations; 80 grams less in average). Such a decrease in birth-weight would

result in adults 0.3 cm shorter, having completed 1.2 less months of schooling

and earning 1.26% lower wages (Behrman and Rosenzweig (2004)). Column (2)

shows that 16.4 more days of exposure in utero increases the probability of being

a low birth weight baby by 4.6%. In these two columns, the parameter estimates

for exposure in the first years of life are expected to be zero. This is a placebo

test since birth-weight should not be affected by exposure after birth. All of the

parameter estimates on exposure after birth are highly insignificant, as it was to

be expected.



LA NIÑA 26

Table 4—: La Niña and Human Capital Outcomes

(1) (2) (3) (4) (5) (6) (7)
Log

Birthweight
Low

Birthweight Weight Weight gain Height
Cognitive

Test
Socioemotional

Risk

In Utero -0.00163∗∗∗ 0.00280∗∗ -0.00943∗∗∗ -0.99224∗ -0.00734∗ -0.69276∗ 0.00046
(0.00054) (0.00136) (0.00315) (0.56070) (0.00412) (0.38395) (0.00163)

Year 1 -0.00034 0.00029 -0.00012 -0.53745 0.00155 -0.05874 0.00068
(0.00039) (0.00088) (0.00240) (0.42136) (0.00330) (0.08873) (0.00126)

Year 2 -0.00003 -0.00036 -0.00084 -0.60287 -0.00266 -0.09616∗ 0.00330∗∗∗

(0.00034) (0.00081) (0.00274) (0.49664) (0.00281) (0.05480) (0.00116)

Year 3 -0.00022 -0.00079 0.00044 -0.33978 -0.00487 0.02896 -0.00136
(0.00035) (0.00086) (0.00316) (0.44147) (0.00375) (0.03761) (0.00095)

Year 4 -0.00062 0.00030 0.00054 -0.44779 -0.00119 -0.03501 0.00110
(0.00048) (0.00093) (0.00296) (0.58061) (0.00325) (0.04572) (0.00091)

Observations 2012 2012 2887 2012 2880 4122 2618

Standard errors clustered at the municipality level in parenthesis. Cross-section regressions with month of birth
dummies, cohort (age in months) dummies and municipality fixed effects. Controls not shown are predetermined
variables: gender, number of persons in the household, number of male adults, number of female adults, male chil-
dren under age 15, female children under age 15, age of the head, age of the head squared and distance to the closest
weather station.
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Column (3) uses as dependent variable the standardized actual weight of the

kid. As in the previous columns, exposure in utero reduces the actual weight of

the kid. The parameter estimate is significant at less than the 1% level and im-

plies a reduction of 0.15 standard deviations in weight when exposure in utero in-

creases by 16.4 days. One important question is if differences in birth weight in-

crease or decrease over time. Without reinforcement or compensation, the model

predicts that lower human capital today entails lower human capital tomorrow

through the self-productivity of abilities. However, for low birth weight babies

there is substantial catch up growth in terms of weight during the first year of life

(for references see Jain and Singhal (2012)). One way to approach this question

is to use average monthly weight gain as the dependent variable and this is done

in column (4). Weight gain is reduced by 16.2 grams or 0.07 standard deviations

when exposure in utero increases by one standard deviation.

What the data suggest is that children exposed to la Niña have lower birth

weight and that the differences in weight between exposed children and unex-

posed children tend to grow over time. This is consistent with the finding in

column (5) where it is shown that standardized height, which is considered a

measure of longer term health, decreases by 0.12 standard deviations for kids

exposed in utero. These findings suggest that the gestation period is a critical

period for health outcomes and that negative shocks during this critical period

are not offset in the short term, on the contrary these differences are amplified

either because families reinforce endowment or because of the self-productivity

of human capital.

So far we have found that, for the health dimension of human capital, the gesta-

tion period is a critical period. As other authors do, we can dig deeper an estimate

what trimesters of gestation are critical periods. We can improve upon previous
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studies because we observe the exact day of birth of each kid and we measure

rainfall at daily frequency, which improves efficiency and reduces measurement

error. Appendix table A1 presents these results. In general, for all health mea-

sures except height we observe that the negative effect of rainfall shocks are

concentrated in the first and second trimester of gestation. For height, it is not

possible to identify a specific period in utero where shocks are relatively more

important.

When comparing these magnitudes to other studies, Maccini and Yang (2009)

estimate that an increase in 1 standard deviation of log rainfall from the log of dis-

trict mean rainfall results in an increase of 0.16 standard deviations in the height

of adult women. Attanasio et al. (2013) evaluate the early-life intervention pro-

gram Hogares Comunitarios de Bienestar (HCB) in Colombia. They conclude

that participating in the program improves height-for-age between 0.5 and 0.9

standard deviations, an effect considerably higher than the negative impact we

estimate from exposure. Other studies in developing countries have found ef-

fects of early-life interventions in health and anthropometric measures improve

length and weight in average 0.36 standard deviations in the short term and 0.15

standard deviations in the long term (Nores and Barnett (2012)). The negative

effect we estimate would have repercussions over the long term as a decrease of

0.12 standard deviations in height would represent a decrease of 1.2% in salaries

(Strauss and Thomas (1995)). This effect is exclusively for anthropometric mea-

sures and does not include possible effects due to the dynamic complementarity

of abilities (Alderman et al. (2004)).

We now turn to the cognitive and socio-emotional dimensions of human cap-

ital. Column 6 uses results in the Peabody Picture Vocabulary Test as the de-

pendent variable. Exposure in utero decreases cogntive abilities but we have to
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note that for the sample of kids who present the PPVT only 12 were exposed in

utero to La Niña. However, exposure during the second year of life entails lower

results and 1029 kids were exposed at this age. Specifically, a standard deviation

increase in exposure during the second year of life (23 days) decreases test results

by 2.07 point or 0.1 standard deviations (p−value = 0.08). Interestingly, expo-

sure during the second year of life also implies lower socio-emotional abilities.

The probability of being at risk of having socio-emotional problems increases

by 7.6% (or 0.19 standard deviations) when exposure during the second year of

life increases by one standard deviation (p − value = 0.006). Being exposed in

utero is not a significant determinant of the kid socio-emotional health.

Once again referring to Maccini and Yang (2009), they estimate that an in-

crease in 1 standard deviation of log rainfall results in an increase of 0.08 stan-

dard deviations in the educational attainment of adult women. When comparing

our estimates to early-life intervention programs in developing countries we find

that they are comparably smaller (on average 0.35 standard deviations for cog-

nitive development and 0.27 for socio-emotional outcomes (Nores and Barnett

(2012))). With regards to cognitive development, the Jamaica experiment in-

creases results in IQ tests by 0.4 standard deviations (Walker et al. (2006)) versus

a decrease in 0.1 standard deviations from our estimates. This opens the possi-

bility for properly designed interventions to counter negative shocks, specially

when we think that the mentioned interventions target the poorest children. Ex-

trapolating our results, the negative effect on cognitive outcomes would translate

into salaries 1%-2.4% lower (Alderman and Behrman (2006)). Turning to socio-

emotional outcomes, Bernal and Camacho (2010) find that an increase of 8%

translates into salaries 2.2% higher, which for our estimates would imply salaries

2.09% lower. All in all, an increase in exposure of a standard deviation during
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the second year of life would result in salaries between 3.09% and 4.49% lower.

Results indicate that a critical period for health outcomes is the gestation period

while a critical period for socio-emotional and cognitive outcomes is the second

year of life. The health results are in line with the the fetal origins hypothesis and

the socio-emotional and cognitive results are consistent with research that shows

that between 13 and 24 months of age children are more responsive to socio-

emotional stimulation. Interestingly, when we include the risk variable as a bad

control in the regression of cognitive results, the coefficient on the second year

of life diminishes by almost 50% and becomes highly non-significant while the

coefficient on the risk variable is negative and highly significant (in the reverse

exercise the coefficient on the second year of life remains unbroken). This is

suggestive evidence on cross-productivity effects from the socio-emotional to

the cognitive dimension of human capital (Cunha et al. (2010)).

Table 5 checks the sensitivity of the results when we include baseline variables

such as whether the household is above the poverty line and whether it has access

to credit, the education of the head and her participation in community organiza-

tions. We aknowledge the importance of measuring the two latter predetermined

variables at the level of the mother and if we do that the correlations are simi-

lar however we lose 486 observations because many of the mothers observed in

2013 had their first kid between the two waves of the ELCA and thus in 2010

they were context subjects who did not have to answer the questions to build

the predetermined variables. As it was to be expected given the randomness of

the number of days with extreme rainfall during la Niña, the parameter estimates

on the relevant exposure measures are almost identical to those in table 4 where

controls were not included.

The correlations between the additional controls and the outcome variables are
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Table 5—: La Niña and Human Capital Outcomes. Additional controls.

(1) (2) (3) (4) (5) (6) (7)
Log

Birthweight
Low

Birthweight Weight Weight gain Height
Cognitive

Test
Socioemotional

Risk

In Utero -0.00166∗∗∗ 0.00275∗ -0.00915∗∗∗ -0.98498∗ -0.00711∗ -0.71356∗∗ 0.00007
(0.00056) (0.00139) (0.00314) (0.55661) (0.00413) (0.35066) (0.00162)

Year 1 -0.00027 0.00022 -0.00003 -0.55477 0.00110 -0.06034 0.00037
(0.00040) (0.00086) (0.00240) (0.42659) (0.00326) (0.08887) (0.00129)

Year 2 0.00004 -0.00054 -0.00037 -0.61179 -0.00218 -0.08587 0.00328∗∗∗

(0.00035) (0.00083) (0.00281) (0.49674) (0.00291) (0.05311) (0.00112)

Year 3 -0.00025 -0.00073 0.00017 -0.39035 -0.00479 0.03231 -0.00111
(0.00035) (0.00088) (0.00312) (0.43636) (0.00371) (0.03760) (0.00097)

Year 4 -0.00073 0.00037 0.00117 -0.42191 -0.00093 -0.02805 0.00079
(0.00047) (0.00094) (0.00300) (0.59407) (0.00329) (0.04684) (0.00090)

Over Poverty Line 0.01477∗∗ -0.02008 0.11963∗∗∗ -4.16081 0.12924∗∗∗ 2.78634∗∗∗ -0.02783∗

(0.00664) (0.01298) (0.03804) (7.22655) (0.04480) (0.65499) (0.01606)

Secondary Education 0.00740 -0.00521 0.13388∗∗ 0.57269 0.13491∗∗ 8.02394∗∗∗ -0.05474∗∗∗

(0.00758) (0.01615) (0.05807) (8.12969) (0.06340) (1.10098) (0.01747)

Credit Access -0.00363 0.00659 -0.01980 -0.52399 -0.02631 2.54395∗∗∗ 0.00887
(0.00697) (0.01489) (0.05156) (9.01088) (0.05709) (0.60246) (0.02000)

Social Capital 0.00596 -0.00550 0.11797 4.32996 0.04803 1.98327∗ -0.00428
(0.00986) (0.02193) (0.07956) (10.98176) (0.06903) (1.07559) (0.02122)

Observations 1984 1984 2848 1984 2841 4072 2582

Standard errors clustered at the municipality level in parenthesis. Cross-section regressions with month of birth dummies, co-
hort (age in months) dummies and municipality fixed effects. Controls not shown are predetermined variables: gender, number
of persons in the household, number of male adults, number of female adults, male children under age 15, female children under
age 15, age of the head, age of the head squared and distance to the closest weather station.

interesting in their own right. As theory predicts, kids in households over the

poverty line and with educated heads have in general better health, a lower prob-

ability of being at risk of having socioemotional problems and higher scores in

cognitive tests. If we were to give a causal interpretation to these correlations,

we could say that in terms of height, being exposed to 16.4 days of heavy rains

in utero is quantitatively equivalent to the mental experiment of moving from a

household over the proverty line to a household under the poverty line or quan-

titatively equivalent to moving from a household where the head has secondary

education to a household where the head has not completed secondary education.

In terms of socioemotional risk, the effect of being exposed to La Niña during

the second year of life for 23 days would be (in absolut terms) three times the
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impact of being under the poverty line and about 1.5 times the impact of be-

ing in a household with secondary education. The other two covariates (acces

to credit and social capital) are in general non-significant except for cognitive

results where they have the expect positive signs.

C. Socio-emotional effects of early life shocks

Table 6—: La Niña and Socioemotional Effects.

(1) (2) (3) (4) (5) (6) (7) (8)

Score
Self

Regulation Compliances Communication
Adaptative
Functioning Autonomy Affect Interaction

In Utero 0.00887 -0.03272 -0.01437 -0.01726 0.03119 0.01752 0.00161 0.01991
(0.07354) (0.03907) (0.01506) (0.01291) (0.02043) (0.01489) (0.01277) (0.02365)

Year 1 0.00714 -0.00642 -0.00359 -0.00702 0.00667 0.01201 0.00076 -0.00514
(0.06952) (0.04013) (0.01397) (0.00926) (0.01396) (0.01282) (0.01035) (0.01878)

Year 2 0.16525∗∗ 0.05387 0.02555∗ 0.00219 0.03692∗∗ 0.00290 -0.01165 0.05231∗∗

(0.07654) (0.04844) (0.01495) (0.01254) (0.01459) (0.01344) (0.00778) (0.02094)

Year 3 -0.01221 -0.00448 0.00969 -0.00739 0.00264 0.00873 -0.00242 -0.02252
(0.05843) (0.03581) (0.01280) (0.01163) (0.01858) (0.01272) (0.00799) (0.01688)

Year 4 0.12150∗ 0.04380 0.01874 0.01338 0.00877 0.00045 0.00530 0.03417∗

(0.07189) (0.04037) (0.01638) (0.01388) (0.01940) (0.01685) (0.01097) (0.01809)

Observations 2618 2616 2284 2616 2616 2284 2617 2616

Standard errors clustered at the municipality level in parenthesis. Cross-section regressions with month of birth dummies, co-
hort (age in months) dummies and municipality fixed effects. Controls not shown are predetermined variables: gender, number of
persons in the household, number of male adults, number of female adults, male children under age 15, female children under age
15, age of the head, age of the head squared and distance to the closest weather station.

Here we return to one of the most novel results of this research. The effect

of exposure to La Niña on socio-emotional abilities. In column (1) of table 7,

we present a regression which uses as dependent variable the score obtained in

the ASQ test provided by psychologists. In the following columns we use the

seven sub-scales of the test as dependent variables. Before interpreting these

results, two thing are worth noting. First, these scores are decreasing in socio-

emotional abilities and, second, these scores are not comparable across kids of

different ages but since the regressions flexibly control for dummies for the age

of the kid in months this should not be problematic. In column (1) we find again
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that exposure to heavy rainfall during the second year of life increases socio-

emotional difficulties but this time using the score of the ASQ test: The ASQ

score increases by 3.68 point or 0.13 standard deviations when exposure to La

Niña during the second year of life increases by one standard deviation. This

increase in the ASQ score is due to the compliance, adaptative functioning and

interaction sub-scales, all of which are affected by exposure during the second

year of life. The compliance sub-scale captures the ability of the kid to follow

instructions. The adaptative functioning sub-scale captures whether the kid has

difficulties doing normal tasks such as sleeping or eating and, for older children

(> 12 months old), whether they hurt themselves intentionally. The interaction

sub-scale measures if the child enjoys the time spent with her mother and the

time spent with other kids. The fact that exposure to La Niña during the second

year of life affects these sub-scales also helps to explain why children have lower

results in cognitive tests: A kid who does not follow instructions is a kid who has

difficulties learning.

Our findings for the second year of life are consistent with the medical lit-

erature: It is during the second year of life that the plasticity of the brain is

highest in terms of emotional control, habitual ways of responding, language and

symbol development (See appendix figure A1 (Council for Early Child Develop-

ment (2010)). These findings also explain why the mental stimulation arm of the

Colombian early childhood intervention program -which targeted kids aged 12

to 24 months- increased cognitive and socio-emotional development while the

micro-nutrient arm did not affect any outcome (Attanasio et al. (2014, 2015)).

The results can also explain a similar pattern in the Jamaica experiment which

targeted children aged 9 to 24 months: in that case, mental stimulation but not

nutrition affected adult outcomes (Gertler et al. (2014)).
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D. Going beyond: Mechanisms through which households were (not) affected

by the shocks

In this section we explore the mechanisms through which La Niña affected

households and the kids in our sample. First, the kids in our sample do not seem

to belong to families directly or heavily affected by the disaster. This is in part

because the ELCA does no reach households in remote rural areas which suffered

the most from the winter. The ELCA asks households if Niña related disasters

were of great economic importance. Of the kids in our sample, only 101 kids

belong to households responding yes to that question. Besides, another module

of the ELCA asks if the households were affected by La Niña disasters regardless

of their economic importance. 243 kids belongs to affected households. Finally,

the community questionnaire of the ELCA asks community leaders if the winter

destroyed aqueducts, sewerage, schools or health facilities in their communities.

65 of the 653 communities and 211 of the kids in our sample lived through this

type of infrastructure destruction. These numbers are low given the size of our

sample (N=2887). More importantlly, our results hold if we drop all of these kids

(see table A2).

Second, in general, rainfall shocks do not seem to be capturing the effect of

objective measures of disasters, infrastructure destruction or changes in the dis-

ease environment. To assert this we create measures of exposure to each of these

events in each of the periods under consideration using as geographic reference

the municipality where the household lives. The idea is to create competing

controls with the same structure of exposureτ (t, h). Given that the competing

controls are discrete and we want to focus on unexpected shocks, we also cre-

ate additional controls which measure counter-factual exposure to the history of

events in municipality m and age τ . In other words, for (say) disasters we create
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the sum of disasters in a given day across years and we measure counterfactual

exposure to disasters using this aggregate variable.

Table A3 shows the results of using period-specific exposure to floods and

landslides as additional and competing controls in specification (1). If exposure

to floods and landslides is explaining the effects discussed in previous sections,

the inclusion of the competing controls should rend the βτ estimates insignifi-

cant and the coefficients on the competing controls should mimic the pattern for

the β̂τ found in table 4 with the caveat that the competing controls are partly

endogenous and their estimates are difficult to interpret. Table A3, shows that

the β̂τ are in general stable to the inclusion of Niña related disasters. Two ex-

ceptions are worth nothing. All of the second year effect of exposure to la Niña

on cognitive outcomes seems to happend through the occurence of floods and

landslides. Similarly about 15% of the second year effect on socioemotional risk

is explained through the disasters channel. To be precise, exposure to 5 more

disasters in the second year of life decreases results in the cognitive test by 0.10

standard deviation. For socioemotional risk, exposure to heavy rains now in-

crease the probability of being at risk by 6.4% and exposure to disasters adds 3.6

percentage points.

It seems that extreme disasters are explaining part of our results for non-health

outcomes. However this is not due to infrastructure destruction, nor is it due to

diseases. Table A4 uses as competing controls the destruction of infrastructure

orginated by these disasters. All of the β̂τ are remarkably stable to the inclusion

of these controls. Table A5 uses as competing controls the number of dengue and

malaria cases per 100,000 inabitant in a kid’s municipality during stage of life τ .

The β̂τ are invariant to the inclusion of these controls.

Thus it seems that the effects that we are finding are not explained by large
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shocks experienced directly by the households. Nor are they explained by dis-

asters, infrastructure destruction or changes in the disease environment. Dra-

matic shocks are what first comes to mind when we think of La Niña (”the dis-

aster bias”) but we have shown here that households are affected by more subtle

shocks. One of these could be the disruption of markets.

Was household consumption affected by La Niña? In the rest of this section we

follow closely the literature on consumption smoothing (Alderman and Paxson

(1992); Kazianga and Udry (2006)) and show that households exposed to La

Niña could not protect their consumption from unexpected changes in rainfall.

To proceed we take full advantage of the panel structure of the survey and we

use the two rounds of household data. We estimate the following consumption

function,

chmt = α1xhmt + α2dt × Exph + γmt + γh + εhmt (5)

where chmt is consumption expenditure of household h, in community m and

year t . xhmt are households characteristics. These are the same characteristics

that we include in the kid-level regressions but that we now allow to vary over

time. γmt are community× year fixed effects, γh is a household fixed effect and

εhmt is an the error term which we cluster at the community level. We are able to

use clusters and fixed effects at the community level here because the household

sample is much larger than the kids sample. Including the community × year

fixed effects is important to guarantee that we are not capturing community level

shocks or community level responses to these shocks. Finally, dt is a time dummy

(equal to one in 2013) and Exph is the number of days during la Niña that a

household experiences rainfall shocks.

We can think of equation (5) as the reduced form function of consumption
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against the different components of income (Kazianga and Udry (2006) ) where

permanent income is proxied by the vector of household characteristics (y P
hmt ≡

α1xhmt ) and transitory income is a function of the rainfall shocks at the level of

the household and of the shocks that vary at the comunity level (yT
hmt ≡ α2dt ×

Exph + γmt).

Taking first differences with respect to time we obtain,

4chmt = α11xhmt + α2 Exph + γm + µhmt (6)

which is the equation that we estimate. If the cold winter affected households

in terms of consumption we expect α̂2 to be negative and significant.

Results of this exercise are presented in table 7. Column (1) is a balance check

at the level of the household where we do not use the change in xhmt but the level

in 2010 and additional predetermined controls. As it was the case with the sample

of kids, the sample at the level of the household is balanced in predetermined

characteristics. None of the 12 predetermined characteristics of the household

presented in column (1) can explain the intensity of exposure to la Niña.

In column 2 we use as dependent variable total per capita consumption ex-

penditures in non-durable goods. An additional day of heavy rainfall decreases

consumption by 856 pesos. On average households were exposed to La Niña for

92 days with a standard deviation of 21 days. The average increase in per capita

consumption between 2010 and 2013 was 40070 pesos. Thus, 45 additional days

of heavy rains above the mean would leave a household almost as it was in 2010.

In our sample, 125 households were exposed to the shock more than 137 days;

these households had an average consumption growth of -15047 pesos.

Columns 3 and 4 use as dependent variables components of the variables in col-

umn 2. These are per capita food expenditures (column 3) and per capita health
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Table 7—: La Niña and Consumption Smoothing.

(1) (2) (3) (4) (5) (6)
Hhd Level Shock total food health and education durable employment

Days with Extreme Rain -855.8∗ 56.07 -348.5∗∗ -115.8 0.000615
(510.1) (205.7) (148.6) (364.3) (0.000975)

Male adults 0.114 9616.7 8929.1∗∗∗ -2593.3 16157.6 0.0499∗∗

(0.168) (6905.8) (3450.2) (2174.0) (17099.7) (0.0253)

Female adults 0.177 1027.6 6268.4∗ -3715.2 1304.6 0.0614∗∗

(0.176) (6761.5) (3310.8) (2486.2) (7210.2) (0.0248)

Boys under 15 0.0256 8399.3 10611.5∗∗∗ -2882.3 17128.0 0.0350
(0.164) (7646.1) (3876.9) (2430.4) (18289.3) (0.0264)

Girls under 15 -0.0425 4438.4 10308.8∗∗∗ -6157.1∗∗ 7882.0 0.0525∗∗

(0.160) (7120.1) (3848.1) (2493.7) (9654.0) (0.0264)

Household size -0.0560 -38144.2∗∗∗ -27676.3∗∗∗ 3234.0 -13384.4 -0.0628∗∗∗

(0.144) (6276.9) (3164.9) (2037.9) (14824.5) (0.0230)

Age of head -0.0218 6685.1∗∗∗ 2483.0∗∗ 912.6 3235.3 0.0464∗∗∗

(0.0537) (2148.8) (1159.2) (813.4) (2533.1) (0.00986)

Age of head squared 0.000154 -63.01∗∗∗ -21.81∗∗ -11.14 -26.77 -0.000535∗∗∗

(0.000579) (21.13) (11.10) (8.093) (26.90) (0.0000976)

Distance to station 0.0000115 -2.661∗∗ -1.210∗∗∗ -0.339 -1.122 -0.00000226
(0.000113) (1.135) (0.445) (0.624) (1.008) (0.00000293)

Over Poverty -0.0412
(0.187)

Secondary Education 0.0118
(0.277)

Social Capital 0.0707
(0.236)

Household had debt -0.246
(0.179)

Observations 7938 7865 7865 7865 7865 3940

Standard errors clustered at the community level in parenthesis. Cross section regressions of changes in household conump-
tion between 2010 and 2013 against the number of days that the household was exposed to La Niña(Exph). Community fixed
effects are included.

and education expenditures (column 4) . Interestingly consumption expenditures

seem to be shielded at the expense of heath and education expenditures. Health

and education expenditures decrease by 0.06 standard deviations.

Finally, the last two columns use per capita expenditure in durable goods and

the employment of the head (for urban areas) as the dependent variables. These

two variables are not affected by exposure to the winter. However we are unable

to measure transitory drops in employment which would be consistent with the
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markets disruption hypothesis.

What we have learn from this subsection is that kids were affected by shocks

that are less extreme than what we would expect given the severity of the winter.

Nevertheless households were unable to smooth consumption and expenditures

in health and education decreased. The latter finding is consistent with the ef-

fects of La Niña on children capabilities and it is suggestive evidence of families

investing less on their children. We turn to that question in subsection F.

E. Shocks in early life and parental abilities

We have shown the effects of exogenous environment shocks on different di-

mensions of human capital. But as shown in section II, the technology of skill

formation and the investment function depend on parental/household abilities and

thus the impact of a shock might be attenuated or exacerbated given these charac-

teristics. In this section we consider heterogenous responses to four variables that

have been considered in the literature as important intervening factors between a

shock and development outcomes. These are: poverty (Senne (2014);Figlio et al.

(2014)), education (Behrman and Hoddinott (2005); Almond et al. (2012)), ac-

cess to credit (Guarcello et al. (2010);Nobuhiko et al. (2012)) and social capital

(Hall et al. (2014);Wu et al. (2015)). We interact each of these variables with

the relevant exposure measure for each outcome variable. Given that we need

sufficient statistical power to detect heterogeneous effects we only include the

exposure measures that were significant in subsection B (we do not include ex-

posure in utero for the cognitive test because only 12 tested kids were exposed

in utero). Since the shock did not affect households differentially according to

initial characteristics, we can give a causal interpretation to these interactions.

Initially we tested for each of these interactions separately but results are similar
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when we include all four variables simultaneously and those are the results that

we present.

Table 8—: La Niña, parental characteristis and Human Capital Outcomes.

(1) (2) (3) (4) (5) (6) (7)
Log

Birthweight
Low

Birthweight Weight Weight gain Height
Cognitive

Test
Socioemotional

Risk

In Utero -0.00077 0.00203 -0.00679∗∗ -0.64556∗ -0.00165
(0.00057) (0.00151) (0.00332) (0.37807) (0.00424)

Utero X Over Poverty -0.00041 0.00130 -0.00593∗∗ -0.18394 -0.00604∗∗

(0.00040) (0.00103) (0.00249) (0.33436) (0.00255)

Utero X Secondary Education -0.00037 -0.00056 0.00240 0.54636∗ 0.00258
(0.00034) (0.00093) (0.00262) (0.30989) (0.00273)

Utero X Household had debt -0.00065∗ 0.00075 -0.00078 -0.06781 -0.00412
(0.00034) (0.00088) (0.00244) (0.27823) (0.00328)

Utero X Social Capital -0.00035 0.00043 -0.00011 -0.28321 0.00161
(0.00057) (0.00164) (0.00310) (0.40383) (0.00280)

Year 2 -0.04450 0.00325∗∗

(0.05688) (0.00142)

Year2 X Over Poverty -0.03827∗ 0.00020
(0.02261) (0.00075)

Year2 X Secondary Education 0.00260 -0.00024
(0.03837) (0.00072)

Year2 X Household had debt -0.01900 -0.00080
(0.02268) (0.00095)

Year2 X Social Capital 0.02481 0.00146
(0.02777) (0.00123)

Over Poverty 0.01813∗∗ -0.03329∗ 0.17735∗∗∗ -1.54630 0.18648∗∗∗ 3.22328∗∗∗ -0.03161
(0.00813) (0.01678) (0.04078) (9.06956) (0.05409) (0.75720) (0.02105)

Secondary Education 0.01115 0.00097 0.10798 -4.40923 0.10805 7.99554∗∗∗ -0.05128∗∗

(0.00776) (0.02023) (0.06487) (9.96836) (0.07402) (1.25569) (0.01992)

Household had debt 0.00327 -0.00036 -0.01237 0.00907 0.01571 2.75379∗∗∗ 0.02309
(0.00717) (0.01660) (0.05983) (11.04421) (0.07014) (0.69616) (0.01980)

Social Capital 0.00997 -0.01099 0.12067 7.03756 0.03537 1.77618 -0.02849
(0.01193) (0.02227) (0.07768) (12.71299) (0.07018) (1.16246) (0.03010)

Observations 1984 1984 2848 1984 2841 4072 2582

Standard errors clustered at the municipality level in parenthesis. Cross-section regressions with month of birth dummies, cohort (age
in months) dummies and municipality fixed effects. Controls not shown are predetermined variables: gender, number of persons in the
household, number of male adults, number of female adults, male children under age 15, female children under age 15, age of the head,
age of the head squared and distance to the closest weather station

Results are presented in table 8. Strikingly, only one of the interactions seem

to have an intervening role which is consistent across different specifications.

This is our measure of socio-economic status, whether the household is over the

poverty line. Being in a household that is over the poverty line exacerbates the

effects of La Niña on actual weight and only kids belonging to households over

the poverty line are affected in terms of height and results in cognitive tests. This
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seems at odds with research that finds that poor households are more vulnerable

to natural disasters but it is consistent with the economic model if inputs are

complementary and consistent with recent findings by other researchers (Figlio

et al. (2014)). Kids in households over the poverty line might be less hurt in

terms of investment but they are more hurt in terms of future abilities because

their skills and their parent’s are complementary. According to the estimates in

table 8, being over the poverty line amplifies the negative effect of in utero shocks

on standardized weight by 87%. The effects found before (in table 4) for height

and results in cognitive tests are only detectable among kids belonging to richer

households.

F. Investing in kids

In this section we ask how parental/family investments in a particular kid

change according to the timing and degree of exposition of that kid. Recall that

the exposure measures are built using the place of residence of the kid and thus

a household is exposed if the kid is exposed. If actual investment reflects persis-

tent changes in income and kids are treated equally, we have no reason to expect

that investment in a particular kid depends on when the kid was exposed to the

winter. However, if families treat kids differently by either reinforcing or com-

pensating initial endowments, investments might react to the timing of exposure

to La Niña. For instance, if families reinforce differences, investment in a given

kid should be lesser if the kid was exposed during a critical period; during that

period human capital was hurt and investments perpetuate this.

In column (1) of table 9 we use as dependent variable a dummy which equal

one if the kids has a vaccination card. We consider this a proxy for investment in

health. No exposure measure explains this dependent variable which is consis-
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Table 9—: Investment Responses.

(1) (2) (3) (4) (5) (6) (7) (8)
Vaccines Preschool Teach Speak Play Meat Milk Fruits and Veg

In Utero 0.00065 0.00135 -0.00018 -0.00201∗∗ -0.00054 -0.00231 -0.00163 0.00136
(0.00141) (0.00224) (0.00200) (0.00090) (0.00087) (0.00203) (0.00197) (0.00183)

Year 1 -0.00191 -0.00165 -0.00147 0.00103 0.00019 -0.00041 -0.00038 -0.00117
(0.00162) (0.00206) (0.00137) (0.00079) (0.00054) (0.00138) (0.00167) (0.00178)

Year 2 -0.00050 -0.00303∗∗ -0.00056 -0.00120∗∗ -0.00079 -0.00266∗ 0.00066 -0.00122
(0.00093) (0.00141) (0.00125) (0.00049) (0.00081) (0.00152) (0.00180) (0.00143)

Year 3 -0.00069 -0.00277 -0.00181 -0.00020 0.00034 -0.00057 -0.00070 -0.00088
(0.00122) (0.00210) (0.00136) (0.00057) (0.00067) (0.00129) (0.00175) (0.00120)

Year 4 -0.00020 0.00319∗∗ -0.00015 -0.00075 -0.00020 -0.00017 0.00119 -0.00230
(0.00125) (0.00144) (0.00176) (0.00052) (0.00098) (0.00174) (0.00191) (0.00182)

Observations 2839 1612 2887 2887 2887 2481 2481 2887

Standard errors clustered at the municipality level in parenthesis. Cross-section regressions with month of birth dum-
mies, cohort (age in months) dummies and municipality fixed effects. Controls not shown are predetermined variables:
gender, number of persons in the household, number of male adults, number of female adults, male children under age 15,
female children under age 15, age of the head, age of the head squared and distance to the closest weather station

tent with the result in table 2 that the probability of being weighed at birth does

not depend on exposure in utero. Similarly, it could be shown that the probability

that a kid is breastfed does not depend on exposure (regression not shown). In

column (2) we use as dependent variable an indicator variable if the kid attends

nursery school or preschool. We condition the sample to communities with pres-

ence of facilities that supply this level of education. We find that kids exposed

to the natural disaster during the second year of life have a lower probability of

attending preschool. A standard deviation increase in exposure during the sec-

ond year of life reduces the probability of attending preschool by 7.4 %. In this

regression, being exposed to la Niña during the fourth year of life increases the

probability that a kid attends preschool. The second year of life effect is con-

sistent with families reinforcing differences. The fourth year of life effect could

be explained by remediation policies targeting kids who should more obviously

attend school.

Columns (3) to (5) focus on time investments by family members on activities
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that have the potential to increase children capabilities. In column (3) we focus

on a variable which takes the value of one if members of the family read or teach

to the kid at a daily basis. In column (4) the variable of interest is an indicator

variable if members of the family talk to the kid at a daily basis. Finally, in col-

umn (5), the variable of interest is an indicator variable if members of the family

play with the kid, again at a daily basis. Among these variables, talking to the kid

seems to be affected by exposure to heavy rainfall. Members of the family talk

less to kids exposed to la Niña in utero and during the second year of life, which

again is consistent with families reinforcing differences. This result could be a

reflection of the second year of life effect on socio-emotional abilities: kids ex-

posed during the second year of life have problems interacting with persons and

difficulties adapting to life; in turn, families might be unintentionally reinforcing

this by interacting less with these kids.

Column (6) to (8) focus on material food investments. The dependent variables

take the value of one if the particular food in the column is given to the kid more

than once per day. Again, a negative second year of life effect is apparent in

Column (6). This negative coefficient implies that families are 6% less likely to

feed a kid with meat if the kid was exposed to la Niña for 23 days during his

second year of life. Investment in other less expensive, and less crucial foods,

are not related to exposure.

VI. Conclusion

In this paper we used rainfall shocks induced by La Niña in Colombia as a

source of exogenous variation in the environment conditions faced by kids at

different ages. We confirmed that the gestation period is a critical period for

health outcomes (Almond and Currie (2011b)) and we uncover that the second
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year of life is a critical period for cognitive and socio-emotional abilities. Kids

exposed to La Niña during the second year of life are at risk of having socio-

emotional problems: they have problems following instructions, doing normal

tasks in life and they do not seem to enjoy the time they spend with their mothers

and with other kids. As a consequence, these kids have lower results in cognitive

tests.

Interestingly, families seem to reinforce the initial effects of these shocks. Fam-

ily members increase (and reflect) the socio-emotional problems of the kids ex-

posed during the second year of life by interacting less with them. Furthermore,

these kids are less likely to attend preschool and they eat meat less frequently.

Part of this reinforcement is due to families being unable to shield their con-

sumption expenditures from the winter: total consumption expenditure fell by

850 pesos (0.4 US dollars) for each day of exposure to La Niña and households

cut their expenditures in Health and Education by 350 pesos for each day of

exposure.

In general, our reduced form results are consistent with family reinforcing en-

dowments and with a high degree of complementarities in the production func-

tion of abilities. Consistent with reinforcement, the negative effects of the shocks

are amplified over time as shown by the negative effect on weight gain. Consis-

tent with complementaries, poor families are less affected by the shocks.

Contrary to what would have been expected given the severity of the winter

(”the disaster bias”), our results are unchanged if we drop kids whose families

self-report being affected by the winter. Surprisingly, several of the families

who are economically affected by the winter are unaware of this. Moreover, the

results are not explained by exposure to large disasters, infrastructure destruction

or changes in the disease environment but by subtler shocks. We hypothesized
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that one of these shocks might be the disruption of markets but, given our data

constraints in this area, we leave exploring this mechanism for future research.
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LA NIÑA 47

la primera infancia en Colombia. DOCUMENTOS CEDE 007605, UNIVER-

SIDAD DE LOS ANDES-CEDE.

Camacho, A. (2008). Stress and birth weight: Evidence from terrorist attacks.

The American Economic Review 98(2), pp. 511–515.

CEPAL BID (2012). Valoracin de daos y perdidas. ola invernal en colombia

2010-2011. Technical report.

Colombia Humanitaria (2014). Estudio de caso colombia humanitaria. Technical

report.

Council for Early Child Development (2010). The science of early child devel-

opment. Technical report.

Cunha, F. and J. Heckman (2007). The technology of skill formation. American

Economic Review 97(2), 31–47.

Cunha, F., J. J. Heckman, and S. M. Schennach (2010). Estimating the tech-

nology of cognitive and noncognitive skill formation. Econometrica 78(3),

883–931.

DANE (2011). Pobreza monetaria y multidimensional en colombia. Technical

report.

Danysh, H., R. Gilman, J. Wells, W. Pan, B. Zaitchik, G. Gonzalvez, M. Alvarez,

and W. Checkley (2014). El nino adversely affected childhood stature and lean

mass in northern peru. Climate Change Responses 1(1), 7.

Deschenes, O., M. Greenstone, and J. Guryan (2009, May). Climate Change and

Birth Weight. American Economic Review 99(2), 211–17.



LA NIÑA 48
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APPENDIX FOR ONLINE PUBLICATION : ADDITIONAL FIGURES AND

TABLES DISCUSSED IN THE TEXT

Figure A1. : Sensitive Periods in Early Brain Development. Source: Council for
Early Child Development
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Table A1—: La Niña and Human Capital Outcomes. Trimesters.

(1) (2) (3) (4) (5) (6)
Log

Birthweight
Low

Birthweight Weight Weight gain Height
Socioemotional

Risk

Trimester 1 -0.00218∗∗ 0.00543∗ -0.01134∗ -0.94043 -0.01055 -0.00177
(0.00101) (0.00287) (0.00600) (0.79921) (0.00748) (0.00227)

Trimester 2 -0.00266∗∗ 0.00629∗∗ -0.01265∗ -1.60159∗ -0.00971 0.00195
(0.00110) (0.00303) (0.00655) (0.93855) (0.00803) (0.00225)

Trimester 3 -0.00005 -0.00327 -0.00402 -0.42972 -0.00157 0.00094
(0.00095) (0.00245) (0.00679) (0.63521) (0.00706) (0.00290)

Year 1 -0.00038 0.00047 -0.00034 -0.53725 0.00125 0.00057
(0.00040) (0.00088) (0.00248) (0.42658) (0.00339) (0.00125)

Year 2 -0.00005 -0.00031 -0.00087 -0.61690 -0.00265 0.00334∗∗∗

(0.00035) (0.00081) (0.00281) (0.49972) (0.00283) (0.00116)

Year 3 -0.00026 -0.00065 0.00034 -0.34872 -0.00498 -0.00139
(0.00036) (0.00087) (0.00320) (0.44823) (0.00379) (0.00096)

Year 4 -0.00067 0.00050 0.00043 -0.46799 -0.00132 0.00107
(0.00048) (0.00092) (0.00298) (0.58835) (0.00325) (0.00090)

Observations 2012 2012 2887 2012 2880 2618

Standard errors clustered at the municipality level in parenthesis. Cross-section regressions with
month of birth dummies, cohort (age in months) dummies and municipality fixed effects. Controls
not shown are predetermined variables: gender, number of persons in the household, number of male
adults, number of female adults, male children under age 15, female children under age 15, age of the
head, age of the head squared and distance to the closest weather station
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Table A2—: La Niña and Human Capital Outcomes. Dropping kids in families who self-report being affected.

(1) (2) (3) (4) (5) (6) (7)
Log

Birthweight
Low

Birthweight Weight Weight gain Height
Cognitive

Test
Socioemotional

Risk

In Utero -0.00154∗∗∗ 0.00242∗ -0.00861∗∗∗ -1.22282∗ -0.00871∗ -1.04478∗∗∗ 0.00009
(0.00053) (0.00127) (0.00309) (0.62920) (0.00438) (0.17891) (0.00170)

Year 1 -0.00068 0.00114 -0.00153 -0.47604 0.00040 -0.02805 0.00171
(0.00045) (0.00102) (0.00297) (0.40892) (0.00378) (0.09405) (0.00130)

Year 2 -0.00016 0.00008 -0.00114 -0.69729 -0.00448 -0.10565∗ 0.00313∗∗

(0.00045) (0.00100) (0.00333) (0.56118) (0.00317) (0.05710) (0.00138)

Year 3 -0.00036 -0.00048 -0.00345 -0.49820 -0.00771∗∗ 0.05736 -0.00090
(0.00053) (0.00116) (0.00290) (0.48389) (0.00366) (0.04277) (0.00104)

Year 4 -0.00090 0.00078 -0.00261 -0.68148 -0.00630∗ -0.07618 0.00126
(0.00059) (0.00100) (0.00323) (0.65709) (0.00336) (0.04750) (0.00106)

Observations 1733 1733 2462 1733 2455 3405 2218

Standard errors clustered at the municipality level in parenthesis. Cross-section regressions with month of birth dum-
mies, cohort (age in months) dummies and municipality fixed effects. Controls not shown are predetermined variables:
gender, number of persons in the household, number of male adults, number of female adults, male children under age
15, female children under age 15, age of the head, age of the head squared and distance to the closest weather station
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Table A3—: La Niña and Human Capital Outcomes. Realized disasters as competing controls.

(1) (2) (3) (4) (5) (6) (7)
Log

Birthweight
Low

Birthweight Weight Weight gain Height
Cognitive

Test
Socioemotional

Risk

In Utero -0.00172∗∗∗ 0.00279∗ -0.00988∗∗∗ -1.09839∗ -0.00707 0.54260 -0.00002
(0.00051) (0.00145) (0.00333) (0.64906) (0.00473) (1.08888) (0.00167)

Year 1 -0.00014 -0.00002 -0.00101 -0.67504∗ 0.00087 0.00152 0.00049
(0.00039) (0.00100) (0.00294) (0.39131) (0.00365) (0.08005) (0.00127)

Year 2 -0.00008 -0.00044 0.00034 -0.50484 -0.00131 -0.05975 0.00287∗∗

(0.00037) (0.00087) (0.00264) (0.49605) (0.00287) (0.04664) (0.00117)

Year 3 -0.00028 -0.00069 0.00046 -0.39812 -0.00518 0.04297 -0.00166∗

(0.00042) (0.00091) (0.00321) (0.44065) (0.00349) (0.04071) (0.00096)

Year 4 -0.00063 -0.00000 0.00139 -0.31797 -0.00117 -0.04120 0.00088
(0.00051) (0.00094) (0.00312) (0.55325) (0.00330) (0.04682) (0.00099)

Disasters utero -0.00010 0.00322 0.00805 0.62829 0.01667∗ -6.68639∗ 0.01138
(0.00159) (0.00275) (0.00821) (1.45706) (0.00976) (3.73323) (0.01063)

Disasters Year 1 0.00073 0.00019 -0.00703 -1.41589 -0.00985 0.12953 -0.00362
(0.00139) (0.00418) (0.00559) (1.15499) (0.00874) (0.10155) (0.00628)

Disasters Year 2 0.00114 -0.00035 0.00294 -0.20397 0.00591 -0.39340∗∗ 0.00943∗∗∗

(0.00117) (0.00200) (0.00611) (1.14395) (0.00703) (0.16258) (0.00288)

Disasters Year 3 0.00041 0.00233 -0.00735 -0.56363 0.00388 -0.12338 0.00225
(0.00114) (0.00244) (0.01094) (1.17949) (0.01091) (0.11389) (0.00398)

Disasters Year 4 0.00065 0.00046 -0.00605 -1.73726 -0.00492 0.10104 0.00658
(0.00121) (0.00275) (0.00679) (1.37672) (0.00797) (0.08936) (0.00426)

Observations 2012 2012 2887 2012 2880 4122 2618

Standard errors clustered at the municipality level in parenthesis. Cross-section regressions with month of birth dum-
mies, cohort (age in months) dummies and municipality fixed effects. Controls not shown are predetermined variables:
gender, number of persons in the household, number of male adults, number of female adults, male children under age
15, female children under age 15, age of the head, age of the head squared and distance to the closest weather station
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Table A4—: La Niña and Human Capital Outcomes. Destruction of infrastructure as competing controls.

(1) (2) (3) (4) (5) (6) (7)
Log

Birthweight
Low

Birthweight Weight Weight gain Height
Cognitive

Test
Socioemotional

Risk

In Utero -0.00167∗∗∗ 0.00297∗∗ -0.00918∗∗∗ -0.96615 -0.00696 -0.66771 0.00118
(0.00049) (0.00133) (0.00344) (0.72138) (0.00483) (0.42775) (0.00162)

Year 1 -0.00029 0.00007 0.00032 -0.31266 0.00233 -0.02864 -0.00054
(0.00036) (0.00090) (0.00257) (0.32903) (0.00375) (0.08832) (0.00123)

Year 2 -0.00017 -0.00021 -0.00055 -0.29362 -0.00156 -0.10833∗∗ 0.00355∗∗∗

(0.00037) (0.00085) (0.00275) (0.44120) (0.00314) (0.04837) (0.00118)

Year 3 -0.00027 -0.00058 0.00068 -0.13452 -0.00360 0.01525 -0.00103
(0.00038) (0.00085) (0.00295) (0.35913) (0.00384) (0.03833) (0.00092)

Year 4 -0.00059 0.00022 0.00252 -0.04111 0.00162 -0.02036 0.00169∗

(0.00053) (0.00103) (0.00322) (0.40341) (0.00361) (0.04290) (0.00092)

Infrastructure utero 0.00545 -0.01231 -0.05859 -31.42127∗∗∗ -0.02747 -0.04805∗∗

(0.00882) (0.01984) (0.05534) (6.38968) (0.09976) (0.01838)

Infrastructure Y1 0.00696 0.00365 0.00026 -27.00313∗∗∗ -0.12128 1.87155∗ 0.02171
(0.00850) (0.01496) (0.04239) (8.19584) (0.07468) (1.00194) (0.02489)

Infrastructure Y2 0.00401 -0.01437 -0.00877 -29.71705∗∗∗ -0.08776 0.10030 -0.03219
(0.00647) (0.01557) (0.03747) (6.00843) (0.07662) (0.67607) (0.02114)

Infrastructure Y3 0.00197 -0.00536 -0.12468∗∗ -32.30221∗∗∗ -0.21761∗∗ -0.54076 -0.03339∗

(0.00572) (0.01310) (0.05571) (7.77519) (0.08530) (0.60542) (0.01928)

Infrastructure Y4 -0.00456 0.00563 -0.09340 -29.19531∗∗∗ -0.15028 -0.61085 -0.02897∗

(0.01235) (0.01347) (0.08373) (7.44154) (0.11760) (0.63553) (0.01675)

Observations 2012 2012 2887 2012 2880 4122 2618

Standard errors clustered at the municipality level in parenthesis. Cross-section regressions with month of birth dummies,
cohort (age in months) dummies and municipality fixed effects. Controls not shown are predetermined variables: gender, num-
ber of persons in the household, number of male adults, number of female adults, male children under age 15, female children
under age 15, age of the head, age of the head squared and distance to the closest weather station
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Table A5—: La Niña and Human Capital Outcomes. Dengue and Malaria Cases as competing controls.

(1) (2) (3) (4) (5) (6) (7)
Log

Birthweight
Low

Birthweight Weight Weight gain Height
Cognitive

Test
Socioemotional

Risk

In Utero -0.00173∗∗∗ 0.00330∗∗ -0.00968∗∗∗ -0.92595∗ -0.00753∗ -1.40299∗∗∗ 0.00022
(0.00055) (0.00135) (0.00325) (0.54274) (0.00447) (0.17519) (0.00165)

Year 1 -0.00036 0.00016 -0.00016 -0.57026 0.00212 -0.00865 0.00077
(0.00042) (0.00093) (0.00258) (0.42542) (0.00340) (0.09137) (0.00119)

Year 2 0.00001 -0.00009 -0.00094 -0.53403 -0.00289 -0.09861∗ 0.00289∗∗

(0.00037) (0.00087) (0.00277) (0.47525) (0.00279) (0.05463) (0.00119)

Year 3 -0.00011 -0.00066 0.00024 -0.37451 -0.00490 0.03460 -0.00158
(0.00037) (0.00086) (0.00320) (0.43728) (0.00373) (0.03871) (0.00095)

Year 4 -0.00069 0.00020 0.00062 -0.48537 -0.00116 -0.02995 0.00136
(0.00050) (0.00097) (0.00302) (0.57426) (0.00349) (0.04598) (0.00094)

Diseases utero -0.00007 -0.00003 -0.00054 -0.02229 -0.00027 -0.47581∗ -0.00023
(0.00010) (0.00024) (0.00065) (0.11841) (0.00085) (0.27198) (0.00022)

Diseases Y1 -0.00007 0.00016 -0.00007 0.01781 0.00057 -0.01406 0.00031
(0.00010) (0.00020) (0.00060) (0.11130) (0.00095) (0.01000) (0.00020)

Diseases Y2 -0.00003 -0.00002 -0.00043 -0.01777 0.00012 0.00709 -0.00008
(0.00007) (0.00013) (0.00053) (0.10412) (0.00071) (0.00879) (0.00025)

Diseases Y3 -0.00002 0.00003 -0.00044 0.03416 -0.00021 -0.00519 -0.00005
(0.00009) (0.00022) (0.00074) (0.11235) (0.00088) (0.00991) (0.00023)

Diseases Y4 0.00008 0.00013 -0.00039 -0.02099 0.00015 -0.01236∗ -0.00017
(0.00009) (0.00018) (0.00071) (0.11267) (0.00091) (0.00646) (0.00018)

Observations 2012 2012 2887 2012 2880 4122 2618

Standard errors clustered at the municipality level in parenthesis. Cross-section regressions with month of birth dum-
mies, cohort (age in months) dummies and municipality fixed effects. Controls not shown are predetermined variables:
gender, number of persons in the household, number of male adults, number of female adults, male children under age
15, female children under age 15, age of the head, age of the head squared and distance to the closest weather station


