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A B S T R A C T

Rainfall fluctuations significantly reduce welfare for poor rural households in low- and middle-income countries 
dependent on rainfed agriculture for consumption, and the effects of these shocks can be borne disproportion
ately by vulnerable household members, particularly children and girls. We present new evidence around the 
effects of rainfall fluctuations on child anthropometric status in Papua New Guinea, an understudied context 
characterized by some of the highest stunting rates in the world. We show that negative fluctuations in rainfall 
within the first 12 months of life lead to a reduction in height-for-age and weight-for-age (though not stunting), 
but this effect is observed only for girls.

1. Introduction

Unexpected fluctuations in weather can have a range of adverse ef
fects on subsistence agricultural households in low-income countries, as 
liquidity-constrained households are generally forced to reduce con
sumption following an adverse rainfall realization (Dercon, 2002; Carter 
and Barrett, 2006). A huge literature has demonstrated that this process 
has particularly adverse effects on infants and young children, and these 
adverse effects are manifest in domains including anthropometric status, 
cognitive and non-cognitive skills, and long-term health and economic 
outcomes (Currie and Almond, 2011; Almond and Currie, 2011; Victora 
et al., 2008; Grantham-McGregor et al., 2007). In many contexts, girls 
are more vulnerable than boys.1

This paper presents evidence around the gendered effects of rainfall 
fluctuations on anthropometric status in early childhood in Papua New 
Guinea, a generally understudied context characterized by some of the 
highest stunting rates in the world (International Food Policy Research 
Institute, 2016), as well as pronounced patterns of gender inequity 
(Ganster-Breidler, 2010; Gibson and Rozelle, 2004). The objective is to 
analyze the effects of generally mild fluctuations in rainfall (as distinct 
from acute weather events such as El Niño) on anthropometric status 

among a sample of children under five in poor rural households. We then 
assess whether girls may be disproportionately affected by adverse 
rainfall shocks.2

More specifically, we draw on the recent Papua New Guinea Rural 
Household Survey conducted in 2023 (PNG-RHS), a large survey 
including 2699 households in 270 communities across diverse agro- 
ecological zones of PNG. Anthropometric status was assessed for all 
children under five, yielding a sample of 1334 children, of which 36% 
are stunted. Rainfall is measured using the Multi-Source Weather 
(MSWX) data, a bias-corrected global gridded dataset of rainfall at 10 
km resolution; we construct the locality-month specific deviation from a 
locality-specific rainfall trend over the thirty years preceding the survey 
(1993 – 2023), and then estimate for each child the mean local rainfall 
deviation observed during the first year of life.

Our primary findings regress anthropometric outcomes on rainfall 
conditional on community, year of birth, and month of birth fixed ef
fects. We find that exposure to low rainfall in the first year of life does 
lead to some deterioration of anthropometric status, but only for girls. 
For girls, a one standard deviation decline in the average rainfall re
sidual in the first year of life reduces both height-for-age and weight-for- 
age Z-scores by about .15 (relative to average levels of − 1.5 and .07 
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standard deviations around the reference mean for height-for-age and 
weight-for-age, respectively), though there is no significant increase in 
stunting or wasting. For boys, these effects are null: boys seem to be 
buffered from the adverse nutritional effects of low rainfall shocks. This 
pattern is consistent with the hypothesis that boys are favored in the 
intrahousehold of resources (particularly food) in the context of re
sources constrained induced by adverse rainfall fluctuations.

Our findings contribute to a significant existing literature probing 
the gendered effects of rainfall shocks. In Indonesia, Maccini and Yang 
(2009) document significant effects of early childhood rainfall shocks 
on a range of long-term outcomes (health, education, and income), 
concentrated among women. Another paper from Indonesia finds that 
the negative short-term effects of monsoon delay are concentrated 
among girls, but long-term effects are concentrated among boys (Thiede 
and Gray, 2020). In Colombia, Carrillo (2020) finds the adverse effects 
of in utero rainfall shocks are generally larger for males, though the 
employment effects are larger for women; there are similar patterns in 
Vietnam (Feeny et al., 2021; Vu, 2021). By contrast, when focusing on 
child mortality rather than adult economic outcomes, rainfall fluctua
tions do not have gendered effects on child mortality in Brazil (Rocha 
and Soares, 2015). In Nepal, boys and girls seem to be most affected 
by weather shocks realized at different points of development (Mulmi 
et al., 2016).

In sub-Saharan Africa, the site of the largest literature, the findings 
continue to be varied. Droughts in Zimbabwe have adverse effects on 
women only (Hoddinott and Kinsey, 2000), but the long-term effects of 
drought for black South Africans are concentrated among men 
(Dinkelman, 2017). Two separate papers show that in Rwanda the ef
fects of weather shocks or crop failure on height-for-age are larger for 
girls (Farris et al., 2021; Akresh et al., 2011), though in Tanzania, 
Uganda, Nigeria, and a cross-country African sample, the effects of 
weather shocks on stunting are similar for boys and girls (Nsabimana 
and Mensah, 2020; Injete et al., 2021; Rabassa, Skoufias, and Jacoby 
2014; Thiede and Strube, 2020). In Sierra Leone, the adverse effects of 
in utero shocks on birthweight are larger for boys, but the later effects on 
anthropometric status are larger for girls (Abiona, 2024). In 
Madagascar, negative rainfall deviations have larger adverse effects on 
school exit for girls (Marchetta et al., 2019).

Our objective here is to contribute to this literature by providing 
evidence from Papua New Guinea, characterized by one of the highest 
stunting rates in the world. One previous paper did document the rela
tionship between El Niño and other extreme climate events and reported 
food shortages in PNG, but there is little evidence around the effects of 
weather on nutritional outcomes (Cobon et al., 2016).

2. Context and empirical strategy

2.1. Context: rural Papua new guinea

Papua New Guinea is an overwhelmingly rural economy, charac
terized by high poverty rates that have been relatively stagnant over 
time (Allen et al., 2005; Schmidt et al., 2025). Rural households are 
widely engaged in subsistence agriculture, where sweet potato is a 
dominant crop (Schmidt et al., 2024; Bourke, 2004), with some house
hold diversification into cash crops also observed (Wickramasinghe 
et al., 2014). Importantly, there is relatively little seasonality in the 
production of the dominant crop of sweet potato: it is not planted 
seasonally, and can be harvested year-round, though other less common 
staple crops such as taro (predominantly in the lowlands) and yam are 
harvested seasonally (Bourke, 2005).

High poverty in this context is also associated with high rates of child 
undernutrition, with recent estimates of stunting prevalence at nearly 
50% (B. N. Pham et al., 2021), though with wide variation across regions 
(McGlynn et al., 2018). Stunting rates have remained relatively stagnant 
over time despite robust economic growth, a pattern attributed, in part, 
to inadequate infant feeding practices and limited nutrition education 

(Hou, 2015). High rates of undernutrition have also been linked to 
increased child morbidity (Miyoshi et al., 2015).

2.2. Data

This analysis draws on two sources of data: the 2023 Papua New 
Guinea Rural Household Survey, and historical precipitation data 
(MSWX). First, we use data from the rural household survey imple
mented by the International Food Policy Research Institute in 2023, 
including 2699 households from 270 communities across 14 provinces 
(Fig. 1). Anthropometric data was collected for all children under five 
years old, leading to a sample of 1334 children across 1008 households.3

We use height and weight data in conjunction with the World Health 
Organization growth standards to construct height-for-age (HAZ), 
weight-for-height (WHZ), and weight-for-age z-scores; we also construct 
binary variables equal to one if a child is stunted, wasted, or 
underweight.

The MSWX database is the source of rainfall data for each sampled 
community over the 30 years prior to the survey. We construct a 
community-month-specific deviation from the community-specific 
rainfall trend over the thirty years preceding the survey (i.e. May 
1993- April 2023) as follows. First, we estimate a long-term rainfall 
trend for each community and calendar month by regressing monthly 
rainfall data on year, generating a trend line that predicts the expected 
rainfall based on historical pattern; second, we calculate rainfall re
siduals for each month and community and normalize the rainfall re
siduals by σ: 

σ =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
∑(y.m)=(2023,4)

(y,m)=(1993,5)

(
prec2

y,m

)

n

√
√
√
√

where prect is the rainfall residual for each month (m)and year (y) from 
May 1993 to April 2023 and n is the total number of months in this 
period (360 months). These standardized community-month level 
rainfall residuals are used to construct the rainfall shocks of interest, as 
described in more detail in the next section.

We will also present additional findings using an alternate, simpler 
rainfall measure, calculating the deviation of log rainfall in the year after 
birth from the log of historical average rainfall over the previous thirty 
years; this follows Farris et al. (2021) and Maccini and Yang (2009).

2.3. Empirical strategy

In our primary analysis, we use a rainfall shock constructed at the 
child level, using the community specific rainfall residuals over the 12 
months following the child’s birth date. Accordingly, our primary var
iable can be summarized as the mean rainfall residual in the first year of 
life, or, for children between six and twelve months of age, the mean 
rainfall residual observed in the months to date. (Our analysis does not 
include infants under six months of age.)

The specification can be written as follows, regressing anthropo
metric outcomes for child i in community c born in month m and year t 
on the rainfall shock and an interaction between the rainfall shock and a 
binary variable for a male child. The specification also includes calendar 
month-of-birth fixed effects σm and community and birth year fixed ef
fects. 

3 Age was verified using recorded birth dates in clinic books if possible: 71% 
of children had a clinic book recording their date of birth, of which 81% were 
shown to enumerators to confirm child’s age. For those sampled children 
without a clinic book, questions about age were posed twice to verify the re
ported birth date of the child. Within the anthropometric sample, 29 height and 
15 weight observations were dropped due to unrealistic extreme values, and 
seven children had missing weight observations.
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Yicmt = β1Rainicmt + β2(Rainicmt ×Maleicmt) + β3Maleicmt + Ageicmt + μc

+ σm + ηt + εicmt

(1) 

3. Empirical findings

Table 1 provides an overview of the households’ sample character
istics. Total consumption expenditure per capita per day is around 11 

Papua New Guinea kina (PGK), roughly equivalent to $2.50 at the 
prevailing exchange rate in 2023; 74% of total consumption expenditure 
is accounted for by food. The sampled children are aged around 30 
months on average, and 54% are male.

In Table 2, we explore any potential for bias due to systematically 
different exposure to rainfall fluctuations for children of varying age and 
gender. In regressions of age in months and a male dummy on the main 
rainfall variable, the observed effects are statistically insignificant.

Table 3 presents the primary findings. We can see in Panel A that a 
more positive (negative) rainfall realization in the first year of life for 
girls leads to higher (lower) height-for-age, weight-for-height, and 
weight-for-age, though the effects on stunting and wasting are not sig
nificant. However, the interaction effects for male gender are opposite in 
sign and equal in magnitude, suggesting that the net effect for boys is 
zero. Panel B estimates parallel findings for the simpler log-deviation 

measure, and they are similar. We also present two alternate 

Fig. 1. 2023 PNG rural household sample composition.

Table 1 
Summary statistics.

Variables Mean Standard 
Deviation

Household characteristics
Household size 5.99 2.60
Female-headed household 0.08 0.28
Household head: primary school or above 0.67 0.46
Agricultural plot size (ha) 0.42 0.62
Total real consumption expenditure per adult 

equivalent (in PGK)
10.75 7.52

Per adult equivalent real food consumption 
expenditure (in PGK)

7.92 5.59

Total daily calorie consumption per adult equivalent 2386.24 1151.58
Child characteristics and anthropometry
Child sex (1= Male) 0.54 0.49
Age (months) 29.67 17.33
HAZ − 1.35 1.75
WAZ − 0.79 1.18
WHZ 0.03 1.28
Child is stunted (1= yes) 0.35 0.47
Child is wasted (1= yes) 0.05 0.22
Child is underweight (1 = yes) 0.14 0.34

Notes: This table reports summary statistics for the households included in the 
main analytic sample.

Table 2 
Correlation between age, gender and rainfall shocks.

Age in months Male

Rainfall (12 months post-birth) 0.376 (0.411) − 0.028 (0.045)

Notes: This table reports the coefficients from two regressions in which child age 
in months and a binary variable for male are regressed on the primary rainfall 
shock variable.
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specifications in robustness checks in Table 4: in Panel A, we include 
additional control variables for temperature,4 and in Panel B, we 
construct an alternate rainfall variable that is the mean of monthly 
rainfall shocks in all months to date in the child’s life (rather than in the 
first year of life only). Table 5 analyzes heterogeneity by crops cultivated 
at the household level, and there is little evidence of any heterogeneity, 
suggesting the patterns are not driven by any particular agricultural 
zone.5

To assess the magnitude of these effects, we can estimate the effect of 
a one standard deviation (.45) decline in the rainfall shock measure: this 
leads to decreases in the three Z-scores of between .12 and .18 for girls in 
our main specification (Panel A of Table 3), with the largest decrease 
observed for height-for-age. Given that the average child in this sample 
is 1.5 standard deviations below the reference mean, this fluctuation in 

Table 3 
Effect of rainfall on child anthropometric status.

(1) (2) (3) (4) (5) (6)
Height-for- age (HAZ) Child is stunted Weight-for- height (WHZ) Child is wasted Weight-for- age (WAZ) Child is underweight

Panel A: Main rainfall shock
Rainfall (12 months 0.492** − 0.047 0.491*** − 0.003 0.416*** − 0.042
post-birth) (0.210) (0.062) (0.138) (0.034) (0.142) (0.049)
Rainfall x male − 0.557** 0.061 − 0.408** 0.006 − 0.463*** 0.013
​ (0.277) (0.072) (0.171) (0.039) (0.175) (0.065)
Male − 0.288** 0.092** − 0.050 − 0.004 − 0.108 0.009
​ (0.121) (0.036) (0.080) (0.015) (0.077) (0.023)
N 1179 1179 1186 1186 1204 1204
Panel B: Log deviations from long-run mean
Rainfall (12 months post-birth) 0.121 (0.467) 0.115 (0.144) 1.186*** (0.389) 0.046 (0.074) 0.611* (0.369) − 0.116 (0.116)
Rainfall x male − 0.583 0.089 − 1.059*** 0.012 − 0.735** 0.023
​ (0.546) (0.144) (0.364) (0.086) (0.361) (0.130)
Male − 0.254** (0.119) 0.088** (0.035) − 0.029 (0.080) − 0.004 (0.015) − 0.081 (0.076) 0.008 (0.022)
N 1179 1179 1186 1186 1204 1204

Notes: Standard errors (in parentheses) are clustered at the community level. All models control for community fixed effects, year of birth fixed effects, and month of 
birth fixed effects. Asterisks indicate significance at the 10, 5, and 1 percent level.

Table 4 
Alternate specifications.

(1) (2) (3) (4) (5) (6)
Height-for- age (HAZ) Child is stunted Weight-for- height (WHZ) Child is wasted Weight-for- age (WAZ) Child is underweight

Panel A: Including additional controls for temperature
Rainfall (12 months 0.492** − 0.047 0.491*** − 0.003 0.417*** − 0.041
post-birth) (0.210) (0.062) (0.140) (0.034) (0.143) (0.050)
Rainfall x male − 0.557** 0.062 − 0.402** 0.006 − 0.461*** 0.013
​ (0.277) (0.072) (0.172) (0.039) (0.175) (0.065)
Male − 0.288** 0.091** − 0.051 − 0.004 − 0.109 0.008
​ (0.121) (0.036) (0.080) (0.015) (0.077) (0.023)
Temperature shocks − 0.051 0.544 8.816 − 0.350 5.298 1.921
​ (11.310) (2.747) (7.246) (1.441) (6.976) (2.142)
N 1179 1179 1186 1186 1204 1204
Panel B: Using average rainfall shock across all months post-birth
Rainfall (all months post-birth) 0.749** (0.365) − 0.055 (0.113) 0.327 (0.245) 0.036 (0.062) 0.299 (0.239) 0.021 (0.083)
Rainfall x male − 0.647* 0.019 − 0.193 − 0.039 − 0.404* − 0.029
​ (0.349) (0.102) (0.247) (0.051) (0.209) (0.079)
Male − 0.385*** 0.091** − 0.064 − 0.012 − 0.165* 0.002
​ (0.139) (0.038) (0.092) (0.018) (0.086) (0.028)
N 1179 1179 1186 1186 1204 1204

Notes: Standard errors (in parentheses) are clustered at the community level. All models control for community fixed effects, year of birth fixed effects, and month of 
birth fixed effects. Panel A includes additional control variables for temperature, and Panel B uses an alternate shock measure that is the average rainfall residual 
calculated across all months of the child’s life to date (as opposed to only the average within the first year of life). Asterisks indicate significance at the 10, 5, and 1 
percent level.

Table 5 
Heterogeneity by crop.

(1) (2) (3) (4) (5)
Full 
sample

Sweet 
potato

Cooking 
banana

Leafy 
greens

Cassava

Rainfall 
deviations

0.492** 0.539** 0.414* 0.441* 0.377*

​ (0.210) (0.226) (0.217) (0.230) (0.225)
Rainfall 

deviation 
x Male 
child

− 0.557** − 0.556* − 0.578** − 0.429 − 0.378

​ (0.277) (0.293) (0.290) (0.301) (0.316)
Male child − 0.288** − 0.294** − 0.320** − 0.364*** − 0.280**
​ (0.121) (0.134) (0.127) (0.134) (0.136)
N 1179 1065 1053 1010 933

Notes: Standard errors (in parentheses) are clustered at the community level. All 
models control for community fixed effects, birth year fixed effects, and calendar 
month of birth fixed effects. Column (1) reports the full estimation sample; 
columns (2)-(5) restrict the sample to households cultivating the indicated crop 
(the four most commonly cultivated crops). Asterisks indicate significance at the 
10, 5, and 1 percent level.

4 The temperature data is drawn from the AgERA5 database. Again, 
following Farris et al., (2022), we construct temperature shocks defined as the 
log deviation in average daily temperature in the 12 months following the 
child’s birth from the historical daily average temperature (i.e. 30 years prior 
the survey year).

5 For each crop, the sample includes households who report any cultivation 
of this crop.
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rainfall would account for approximately 10% of this gap: this is plau
sibly considered to be a minor effect, and is consistent with the absence 
of any significant effect on stunting.

More broadly, given that the underlying rainfall fluctuations 
analyzed here are not severe, it is reasonable to expect that the effects 
are not large enough to induce substantial shifts in growth patterns that 
would increase stunting (or wasting). Rather, they reduce nutritional 
availability and slightly reduce height and weight for children who 
nonetheless remain above the cutoffs for these adverse outcomes.

4. Conclusion

Using a new and comprehensive rural household survey from Papua 
New Guinea, we demonstrate that adverse rainfall fluctuations are 
associated with some deterioration in child anthropometric status, but 
this effect is concentrated entirely among girls. These findings constitute 
suggestive evidence that patterns of gendered vulnerability to rainfall 
shocks in this context may be important: more specifically, girls may be 
disadvantaged in the allocation of resources within the household in a 
context of resource constraints induced by adverse rainfall fluctuations.

Data availability

Data will be made available on request.
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