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How does climate affect children? 

 
Weekly variation of NDVI in Nepal, Jan – Dec 2010 

Note:  Animation shows week-to-week variation in NDVI from January through December 2010, 
from NOAA STAR Global Vegetation Data at http://www.star.nesdis.noaa.gov/smcd/emb/vci. 

We use surveys of child heights in 2006 and 2011, and test 
links to climate experienced during pregnancy and infancy 
using satellite imagery of “greenness”: 
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There are many kinds of seasonality 
Most studies use month of birth, rainfall or temperature 
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Seasonality can affect both diets & disease 
For example, in Malawi: 

Source:  Maria Sassi (2015), Seasonality and Trends in Child Malnutrition: Time-Series Analysis of  
Health Clinic Data from the Dowa District of Malawi, Journal of Development Studies, 51(12): 1667-1682. 

Fluctuations in food markets 
(here, seasonality in  
maize prices) 

Fluctuations in disease 
(here, seasonality in 
malaria cases) 
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Many mechanisms link climate to health 
Diet and disease effects are mediated by other factors 
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Timing of exposure 
to varying NDVI 

 
Pregnancy 
 First trimester 
 Second trimester 
 Third trimester 

 
Infancy 
 0-2 months 
 3-5 months 
 6-8 months 
 9-11 months 

Outcome  
after one year 

 
 
 

 Height-for-age 
 Z score (HAZ) 

at 12-59 
months 

What can we learn from the Nepal data? 

♀ 
♂ 

Effect modifiers: 
 Sanitation (toilets in the household) 
 Food markets (use in the district) 

? 
? 

Sex of child  
in utero & infancy 

We isolate the timing and sex-specificity of effects 
and test for resilience from sanitation and food markets 
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 Height-for-age 
 Z score (HAZ) 

at 12-59 
months 

We match past NDVI with each survey 

♀ 
♂ 

Effect modifiers: 
 Sanitation (toilets in the household) 
 Food markets (use in the district) 

? 
? 

We isolate the timing and sex-specificity of effects 
and test for resilience from sanitation and food markets 

Sex of child  
in utero & infancy 
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All results control for district fixed effects 

Authors’ map from jittered DHS data on cluster location; district boundaries are from Govt. of Nepal, at www.arcgis.com. 

Location of survey clusters (n=547) 
and district boundaries(n=75) 

Motivation Method Data & Results Conclusions 



 
 

 

Source: www.mof.gov.np 
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Results also control for altitude and zone 



           Mean of monthly NDVI (2000-2012) by zone 

Note: The height of each line represents confidence interval and the point symbols represent mean of monthly NDVI from years 2000-
2012 in 547 DHS clusters by regions; 87 clusters in Mountains, 226 clusters in Hills, and 234 clusters in Terai. 

Seasonality is predictable – and avoidable? 
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In Nepal, exposure to NDVI is a valid natural experiment 

We find no selection into month of birth 
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          Yi = β0 + β1t NDVIit + δiZi + νi + ui 
 

Outcome 
Variable: 
Height-for-Age 
Z-score  
(HAZ) 
  

Agro-climatic 
conditions in 
pregnancy: 
 First trimester 
 Second trimester 
 Third trimester 
and infancy: 
 0-2 months 
 3-5 months 
 6-8 months 
 9-11 months 

Control 
variables: 
Maternal:  
• Age, education, BMI 
Household:  
• Wealth, survey year 
Child: 
• Sex, age (in months),  

age squared (in months), 
year of birth 

Geography: 
• altitude, ecological zone 

 

We use OLS to link height with NDVI at each stage 
of pregnancy and infancy: 

District fixed effects 
  

Our tests use within-district differences 
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Boys are more vulnerable in the womb, girls after birth 
  (1) (3) (5) 

Both sexes Males  Females 

NDVI in each period: 
      

   First trimester –0.102 –0.201 –0.074 
   Second trimester   0.395**   0.879*** –0.225 
   Third trimester   0.358   0.451   0.297 
   0–2 months of age –0.313* –0.086 –0.544** 
   3–5 months of age –0.123 –0.164 –0.044 
   6–8 months of age –0.309* –0.335 –0.123 
   9–11 months of age –0.238 –0.366 –0.179 
        
Observations (n) 6,127 3,129 2,998 
R-squared 0.187 0.196 0.207 

Dependent variable is HAZ for children aged 12-59 months.  Asterisks show p-values at ***p<0.01, **p<0.05, *p<0.1, 
with standard errors clustered for birth year and district. All results include fixed effects for each of 75 districts plus 
child’s sex, age (months and months squared), number of siblings ever born, maternal age (log), maternal primary 
education, maternal secondary education, maternal tertiary education, maternal BMI (kg/m2), household wealth 
(quintile), altitude (log), survey year (1=2011), Hill region, Terai region, urban location and constant 

We split the sample to test the sex-
specificity of all coefficients 
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Dependent variable is HAZ for children aged 12-59 months.  Asterisks show p-values at ***p<0.01, **p<0.05, *p<0.1, 
with standard errors clustered for birth year and district. All results include fixed effects for each of 75 districts plus 
child’s sex, age (months and months squared), number of siblings ever born, maternal age (log), maternal primary 
education, maternal secondary education, maternal tertiary education, maternal BMI (kg/m2), household wealth 
(quintile), altitude (log), survey year (1=2011), Hill region, Terai region, urban location and constant 

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

Both sexes, Both sexes, Male, Male, Female, Female, 
  No toilet Has toilet No toilet Has toilet No toilet Has toilet 

 NDVI in each period: 
            

   First trimester –0.071 –0.070 –0.397 0.109 0.100 –0.231 
   Second trimester 0.522*** 0.282* 1.016*** 0.586 –0.172 –0.115 
   Third trimester 0.470 0.168 0.522** 0.275 0.392 0.133 
   0–2 months of age –0.445* –0.010 –0.041 0.003 –0.869*** –0.054 
   3–5 months of age –0.179 –0.066 –0.137 –0.201 –0.105 –0.100 
   6–8 months of age –0.568* 0.003 –0.691 0.183 –0.230 –0.203 
   9–11 months of age –0.299 –0.167 –0.401 –0.209 –0.237 –0.232 
              
Observations (n) 3,329 2,797 1,672 1,457 1,657 1,340 
R-squared 0.134 0.221 0.169 0.230 0.143 0.272 

Both sexes are more vulnerable in households without toilets 

We split the sample to test for differences in 
vulnerability by sanitation level 
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  (1) (2) (3) (4) (5) (6) 
  Both sexes, Both sexes, Males, Males, Females, Females, 
  Low market High market Low market High market Low market High market 

 NDVI in each period: 
utilization utilization  utilization  utilization  utilization  utilization  

   First trimester 0.054 –0.292 –0.170 –0.231 0.151 –0.337 
   Second trimester 0.411* 0.399 1.346*** 0.416 –0.610 0.395 
   Third trimester 0.178 0.446 0.420 0.314 –0.073 0.381 
   0–2 months of age –0.211 –0.520 0.137 –0.353 –0.650* –0.571 
   3–5 months of age –0.379 0.048 –0.231 –0.073 –0.485 0.178 
   6–8 months of age –0.468** –0.254 –1.088*** 0.254 0.260 –0.801*** 
   9–11 months of age –0.406 –0.097 –0.501 –0.105 –0.292 –0.041 

Observations (n) 3,064 3,063 1,561 1,568 1,503 1,495 
R-squared 0.180 0.197 0.212 0.209 0.209 0.228 

 

 
 
 

 

 

Dependent variable is HAZ for children aged 12-59 months.  Asterisks show p-values at ***p<0.01, **p<0.05, *p<0.1, 
with standard errors clustered for birth year and district. All results include fixed effects for each of 75 districts plus 
child’s sex, age (months and months squared), number of siblings ever born, maternal age (log), maternal primary 
education, maternal secondary education, maternal tertiary education, maternal BMI (kg/m2), household wealth 
(quintile), altitude (log), survey year (1=2011), Hill region, Terai region, urban location and constant 

Males are more vulnerable where food markets are less used 

We split sample to test for differences in 
vulnerability by use of food markets 

For females, may see opposite effect 
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Unrelated correlations appear no more often than random 
  (1) (2) (3) (4) (5) (6) (7) (8) 
Variable Age of 

mother 
Maternal 
primary 
education 

Maternal 
secondary 
education 

Maternal 
tertiary 
education 

Maternal 
BMI 
(kg/m2) 

Total 
children 
ever born 

Wealth 
(quintile) 

Urban 
location 

 NDVI in each period: 
                

   First trimester –0.023 –0.202 0.088 0.047 –0.149 0.166 0.074 –0.196** 
   Second trimester –0.081*** 0.045 –0.018 0.030 –0.042 –0.219 0.075 –0.180 
   Third trimester –0.011 –0.031 0.142 –0.021 –0.316 –0.070 –0.526* 0.045 
   0–2 months of age 0.019 0.064 0.045 0.018 –0.216 –0.165 –0.211 –0.138 
   3–5 months of age 0.051 0.246** –0.051 –0.019 0.462 –0.210 –0.388 –0.017 
   6–8 months of age 0.104** 0.048 0.058 0.004 –0.759 0.094 –0.112 –0.053 
   9–11 months of age 0.012 –0.048 –0.025 0.037 0.141 –0.064 0.346 –0.279 
                  
Observations (n) 6,127 6,127 6,127 6,127 6,127 6,127 6,127 6,127 
R-squared 0.586 0.061 0.252 0.109 0.176 0.617 0.558 0.313 
Specifications are similar to child height regressions, but dependent variables are predetermined and could not be 
influenced by NDVI.  Significance levels are attributable to chance:  of the 56 placebo “treatments”, five are significant 
with a p-value <0.1, four effects with a p-value <0.05, and one with a p-value <0.01. 

A placebo test: Could our results  
be an artefact of the method? 
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 We match NDVI in utero and infancy to heights observed at age 1-5 
 Males are more vulnerable in utero 

 Risk is mainly in 2nd trimester of pregnancy, consistent with sex-specificity in gestation 
 Girls are more vulnerable in infancy 

 Risk is mainly at 0-2 months of age, consistent with gender bias after birth 
 

 We find effect modifiers that lead to smoother outcomes 
 Sanitation (household toilets) protects both sexes  

 Could block risk from disease transmission 
 Food markets (district-level use) protects boys 

 Could smooth diets of mothers, but not alter biased infant care practices 
 

 Results have implications for policy and programs: 
 Targeting interventions to places with poor sanitation and low use of markets 

 Antenatal care, especially for boys 
 Postnatal care, especially for girls  

 Identifying the gains from sanitation and food access 
 Value of toilets may be primarily at times and places where climate favors disease transmission 
 Value of food markets may be to smooth shortfalls, as well as to sell surplus 

Summary of results and implications 

Motivation Method Data & Results Conclusions 



 
Appendix: Tables and Figures 



Height-for-Age Z-Score (HAZ) and Covariates 



Summary statistics of NDVIs over the years 2000-2012  



Child height and month of birth 



Histograms of monthly NDVIs averaged across 
years 2000-2012 

 



 
Histograms of monthly NDVIs averaged 

across years 2000-2012 
 



Crop calendar and crops grown 



Moving forward.. 

Unique number of mothers in the dataset by siblings under five and survey year 
 

 Potentially use mother-fixed effects in regressions 

 Look at protective effects of sanitation at neighborhood level 
 

 Ensure location of survey corresponds with location of births of 
child 



Explanatory variable: NDVI 
 
 Green vegetation absorbs red light (RED) and reflects near infrared 

light (NIR) 
 

 Sparse vegetation reflects more red light (RED) and absorbs NIR 
 

 NDVI is calculated as follows:  
 
 The dataset includes monthly NDVI values for 12 years (2000 – 2011) 

for each child’s location of birth 
 
 DHS Clusters: 260 in 2006, and 287 in  2011 



NLSS: Determining market participation 

NLSS District-level means: 
1) Value of food purchased in markets 
2) Value of food obtained in donations 
3) Value of food produced in household farms 
 
We compute: 
District's average share of food consumption that is 
purchased or donated (market use): (1+2/ 1+2+3) 

o ‘High market use’ districts = above or equal median market use 
o ‘Low market use’ =below median of market use 

 
 
 
 



Strengths and Limitations 
 

 Random assignment to sanitary conditions, food markets and 
status of women 

 
 Omitted variable bias 
 
 Clear programmatic and policy implications 
 
 Timing of vulnerabilities to seasonal shocks 
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