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Abstract

This paper examines how rainfall shocks affect women’s bargaining power
within households in Indonesia. Combining panel data from the Indonesian
Family Life Survey (IFLS) with high-resolution rainfall data, we exploit
variation in flood exposure across subdistricts and over time. We find that
extreme flood events lead to a significant short-run decline in women’s
participation in household decision-making across multiple domains. These
effects are driven by contemporaneous economic disruptions: floods reduce
female income, household income, and labour force participation, weakening
women’s economic contribution and bargaining position. The effects are
largely transitory, with most outcomes recovering within one year, and are
driven by extreme rather than moderate shocks. These results provide new
evidence on the gendered impacts of climate shocks, highlighting the role of
extreme events in shaping intrahousehold dynamics in developing countries.
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1 Introduction

Climate variability and extreme weather events increasingly shape economic and so-
cial outcomes in developing countries (Intergovernmental Panel on Climate Change,
2023). In agricultural economies, rainfall shocks directly affect production, household
income, and labour demand (Banerjee, 2010; Boansi et al., 2021; Kamble et al., 2024;
Pinto et al., 2025). Because households allocate resources collectively but often have
heterogeneous preferences across members, such shocks may also alter the distribu-
tion of bargaining power within households. Understanding how climate shocks in-
fluence women’s bargaining power is therefore important not only for gender equality
but also for broader development outcomes such as investments in children’s health,
education, and household welfare. The relationship between female bargaining power
and rainfall shocks, however, remains largely unexplored.

In this paper we examine how rainfall shocks affect women’s bargaining power within
households in Indonesia. We combine household panel data from the Indonesian Fam-
ily Life Survey (IFLS) with spatial rainfall variation to examine how climate-induced
economic shocks influence women'’s participation in household decision-making. Rain-
fall anomalies provide plausibly exogenous variation in local economic conditions, al-
lowing us to identify how environmental shocks translate into changes in intrahouse-
hold power dynamics.

Rainfall shocks can impact female bargaining power through various channels, such
as women’s human capital accumulation, labour market opportunities and household
stress. In India, negative shocks trigger reallocation of time across farm, wage work,
domestic work, and schooling, where women and girls usually bear larger losses in
human capital accumulation and workdays (Maitra and Tagat, 2024). Similarly, Afridi
et al. (2022) show that droughts reduce women’s agricultural workdays relative to
men’s because women face greater constraints in migrating or accessing nonfarm em-
ployment. Positive rainfall shocks can increase both male and female agricultural
wages, but the female-to-male wage ratio rises in rain-fed rice regions, suggesting
that changes in agricultural productivity can improve women’s relative labour mar-
ket opportunities (Mahajan, 2017). Related evidence from other developing countries
highlights how climate shocks reshape gendered economic opportunities. In rural
Uganda, drought shocks increase women’s participation in commercial crop produc-

tion as men shift toward non-agricultural activities (Agamile et al., 2021). In Vietnam,



early-life exposure to rainfall shocks reduces women’s probability of working in the
formal sector through lower educational attainment, while men’s outcomes remain
largely unaffected (Feeny et al., 2021). In Uzbekistan, rainfall variability leads to real-
locations from agriculture into unemployment and business activities (Otrachshenko
et al., 2024). Diaz and Saldarriaga (2020) show that rainfall shortages in rural Peru
significantly increase the risk of intimate partner violence, consistent with economic
stress and declining female bargaining power. In Bangladesh, floods increase women'’s
employment and earnings, and higher female income leads to higher empowerment
as measured by decision-making indicators and the Women’s Empowerment in Agri-
culture Index (Canessa and Giannelli, 2021; Vitellozzi and Giannelli, 2024). In Burkina
Faso, rainfall shocks reduce women'’s likelihood of gaining daily decision-making au-
thority (Luetke et al., 2023). Dessy et al. (2022) show that drought episodes increase
gender gaps in schooling in patrilocal communities, where daughters” education is
more likely to be sacrificed during economic downturns.

Despite these advances, several important gaps remain in the literature. First, rela-
tively few studies combine high-resolution rainfall data with detailed household-level
measures of intrahousehold bargaining power. Much of the existing literature focuses
on labour market responses or indirect proxies for empowerment rather than direct
indicators of decision-making authority. Second, empirical evidence from Southeast
Asia remains limited, despite the region’s high exposure to climate variability and its
large agricultural populations.

Indonesia provides a particularly relevant setting for examining the relationship be-
tween climate shocks and female bargaining power. The country experiences substan-
tial rainfall variability and remains heavily reliant on rainfall-sensitive agricultural
production. Climate shocks in Indonesia have been shown to influence household de-
mographic behaviour and human capital investments. For example, rainfall shocks
associated with rice production affect fertility decisions and contraceptive use (Sell-
ers and Gray, 2019), while drought episodes widen gender gaps in schooling through
interactions with kinship systems and women’s empowerment (Dessy et al., 2022).
At the same time, qualitative work highlights the complex roles women play in re-
sponding to climate risks and disasters in Indonesia, documenting both resilience and
constraints on women’s agency (Hendrastiti et al., 2023; Priadi et al., 2025; Tickamyer
and Kusujiarti, 2020). However, no study has directly estimated the impact of rain-
fall shocks on women’s intrahousehold bargaining power using household-level panel



data.

We find that extreme flood events lead to a significant short-run decline in women’s
participation in household decision-making across several domains, including routine
expenditures, child-related decisions, financial matters, and time allocation for social
activities. We also show that these effects are primarily driven by immediate economic
disruptions. Floods significantly reduce both women’s individual income and total
household income and are also associated with declines in female labour force par-
ticipation. These patterns are consistent with a weakening of women outside options
and their economic contribution to the household, thereby reducing their bargaining
power. Importantly, these adverse effects are largely short-lived. While some impacts
persist into the following year, most economic outcomes recover, and the effects on
bargaining power become more mixed across different domains.

Our paper contributes to several strands of the literature on climate shocks, gender,
and intrahousehold decision-making. First, it advances the literature on the gen-
dered impacts of environmental shocks by providing direct evidence on women’s
intrahousehold bargaining power using detailed decision-making indicators. While
existing studies document gender-differentiated labour market responses and human
capital effects of rainfall shocks (Afridi et al., 2022; Feeny et al., 2021; Maitra and Tagat,
2024), or link shocks to broader outcomes such as violence or schooling (Dessy et al.,
2022; Diaz and Saldarriaga, 2020), they typically rely on indirect proxies for empower-
ment. In contrast, we focus on women'’s participation in concrete household decisions.
Second, we contribute to the emerging but still limited literature on climate shocks and
women’s empowerment, which shows heterogeneous effects across contexts. While
some studies find that adverse shocks reduce women’s agency (Diaz and Saldarriaga,
2020; Luetke et al., 2023), others document increases in female employment and em-
powerment following shocks (Canessa and Giannelli, 2021; Vitellozzi and Giannelli,
2024). By focusing on extreme flood events in Indonesia, we provide new evidence
from Southeast Asia—a region that remains underrepresented despite its high expo-
sure to climate variability—and help reconcile these mixed findings by highlighting
the role of short-run economic disruptions and subsequent recovery dynamics.

Third, our paper contributes methodologically by combining longitudinal household
data with high-resolution spatial rainfall measures to identify the causal impact of
climate shocks. This approach allows us to move beyond aggregate or cross-sectional
analyses (Boansi et al., 2021; Luetke et al., 2023; Pinto et al., 2025) and to trace the



mechanisms linking environmental shocks to intrahousehold outcomes.

The remainder of the paper proceeds as follows. Section 2 describes the empirical
strategy. Section 3 presents the main results and robustness checks, and Section 4
concludes.

2 Empirical Strategy

2.1 Data

Individual-level data

Individual-level information comes from waves 3-5 of the Indonesian Family Life Sur-
vey (IFLS), conducted in 2000, 2007, and 2014, respectively. These waves include de-
tailed information on household decision-making and labour market outcomes. The
IFLS covers approximately 83 percent of the Indonesian population and tracks indi-
viduals and households over time, allowing the construction of an individual-level
panel dataset.

For the main analysis we restrict the sample to married females that live in rural areas
and remain in the same district over the sample period to exclude alternative coping
mechanisms or sample selection issues.! This sample consists of 9,710 observations,
from which about 70 percent of observations are included in two or three waves.

The main outcome variables are constructed from indicators of whether the woman
participates in household decision-making over various issues, including large pur-
chases, routine purchases, financial transfers, savings, and other household expendi-
tures. For each decision category, we define a binary indicator equal to one if the wife
is reported to participate in the decision either solo or jointly with spouse or family
member, and zero otherwise. Then we construct four female bargaining indices as
the unweighted averages of subsets of these indicators, which captures the proportion
of decisions in which the wife participates. These indices include decisions regard-
ing routine purchases (routine purchases and clothes for female and spouse), children
(children’s clothing, education, and health), money and saving (large expenses, sav-
ings, transfers to relatives), and time on socializing (spent by female and spouse).

The control variables include respondent’s age, age squared, education and the loga-

1To examine the mechanism of the relationship between female bargaining power and floods we
relax some of these restrictions.



rithm of household assets belonging to wife and husband separately. The definitions
of all variables, bargaining indicators, are in the Appendix Table Al.

Rainfall data

The rainfall data comes from the Climate Hazards Group InfraRed Precipitation with
Station (CHIRPS) dataset. CHIRPS provides quasi-global precipitation data at a spatial
resolution of approximately 5 km2 (0.05° x 0.05°) and is available from 1981 onwards.
The dataset combines satellite imagery with ground weather station data to produce
high resolution rainfall estimates.

Precipitation values are measured in millimeters (mm) and calculated by averaging
rainfall pixels within the boundaries of each kecamatan (level 3 administrative region)
at an annual timescale. These data are then merged with the three IFLS waves at
kecamatan level.

Rainfall shocks are constructed using Standardized Precipitation Index (SPI) or z scores.
The rainfall z score for a given year is calculated as the deviation of annual rainfall
from the historical mean divided by the historical standard deviation over the period
1981-2014. 2 (Boansi et al., 2021; Pinto et al., 2025). Positive z scores indicate higher
than average rainfall, while negative z scores indicate lower than average rainfall. The
threshold for extreme wet of ‘flood-like” shocks are then defined as z score > 2 (Seiler
et al., 2002). For robustness checks we also consider z-score > 1.5 for moderate floods.?
Rainfall shocks are constructed with lags of up to six years prior to each IFLS sur-
vey wave, allowing the analysis to capture medium- and long term effects of climatic
variability on household outcomes.

In addition to annual shocks, we construct monthly rainfall shocks by measuring rain-
fall in each month relative to the historical mean for that same calendar month over
1981-2014. These monthly shocks capture extreme precipitation events at a shorter
temporal scale. We subsequently aggregate them into annual indicators defined by
the number of months within a year that exhibit extreme rainfall conditions.

zjp = "R where raing is rainfall in location i in year ¢, rain; is historical mean of rainfall, and
1
0; is standard deviation of rainfall.
30ver the sample period, we observe very few drought-like events, defined as z-scores below -2 or

-1.5. We therefore do not consider these events in this paper.
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2.2 Baseline empirical specification

The empirical analysis relates female bargaining power variables to heavy rainfall
(flood) exposure occurring over time at the subdistrict level (kecamatan). While some
areas are more prone to disasters (e.g. proximity to coasts and rivers), the exact tim-
ing, severity and location of floods cannot be perfectly predicted in advance. The
baseline specification thus is an extended two-way fixed effect (TWFE), like difference-
in-difference, model that relays on a conditional parallel trend assumption. It assumes
that individual behaviour in subdistricts without floods and those with floods would
have followed parallel trends absent treatment, conditional on controls. Thus, the
main specification exploits within-individual variation over time in exposure to flood
shocks:

Yingr = BFloodg s + v Xingr + 0; + Ay + e + €ingr (1)

where y;;,4; is a bargaining power variable for female i from household h district d
and year t; Flood;;_; is a flood exposure measured with s (s = 0,1) years lags ; X4
is a vector of control variables. 6; captures individual time-invariant unobservable
characteristics such preferences, risk tolerance, economic opportunities, and baseline
bargaining power; A, captures time-invariant characteristics common for a household,
as some individuals change household over time in the sample; and y; absorb common
stocks such as business dynamics. Control variables Xj;;; include age, age squared,
education level, and assets belonging separately to a female and her husband. We
cluster standard errors at the kecamatan level.

2.3 Alternative empirical specification

The baseline specification assumes time-invariant characteristics of locations, which
are averaged out by individual fixed effect. Our alternative specification assumes
that even if rainfall shocks are exogenous, their realized impact may depend on time-
varying local characteristics, such as preparedness to adjust to the shock. Let the out-
come of interest for individual i in household h, residing in district d at time ¢, be

written as

Yingr = BFloodg s + v Xinar + 04t + 14 + €inay (2)



where Flood;;_ is the rainfall or flood shock in district d at time t — s, Xj;,4; is a vector
of individual-level controls, #; is an individual fixed effect, and 6 is a district-by-time
component that captures local conditions affecting both the transmission of rainfall
shocks and household outcomes. This formulation follows the logic of the DSD ap-
proach, where identification comes from spatially local comparisons while allowing
district-specific effects to vary over time.

The key distinction from a standard DID framework is that DID typically imposes
a common time effect together with unit fixed effects, so that unobserved shocks
evolve similarly across all districts. By contrast, the specification above allows for 6,
meaning that unobserved determinants of the outcome may vary flexibly across dis-
tricts and over time. In this way DSD relaxes the common-trend assumption: nearby
districts need only share similar local trends, rather than all districts in the sample
sharing the same trend. This is the same conceptual advantage emphasized in the
minimum-wage DSD framework (Kim and Williams, 2021; Magruder, 2013), where
district-specific time effects are allowed to vary nonparametrically but are assumed to
be locally shared in space.

This distinction is important in the rainfall context because local preparedness is un-
likely to be time-invariant. Infrastructure quality, drainage maintenance, embank-
ment conditions, reservoir management, disaster-response capacity, local government
readiness, and households’ coping mechanisms can all change from year to year. Pre-
paredness may also respond endogenously to recent flood experience: districts that
were hit in the recent past may receive repairs, emergency funds, NGO support, or
new preventive investments, while preparedness may deteriorate over time if infras-
tructure is not maintained. In agricultural settings, the effective severity of rainfall
shocks can also depend on time-varying factors such as cropping patterns, soil satura-
tion, groundwater conditions, or the timing of monsoons relative to planting and har-
vest. As a result, two districts experiencing the same measured rainfall shock in the
same year may face very different realized disruptions because their local resilience
differs at that moment.

To address this concern, we adopt a difference-in-spatial-differences strategy at the
individual level. Let N;(r) denote the set of observations located in districts within
radius r of district d in year t. Define the spatially differenced outcome and treatment

as
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with analogous spatial differences for the control variables. Substituting the structural
equation above yields
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The identifying assumption is that, for sufficiently small radius r, nearby districts
share similar time-varying preparedness and local economic conditions, so that the
spatially differenced 0 term is negligible. This is the individual-level analogue of the
DSD estimator in Kim and Williams (2023), where identification relies on nearby areas
sharing local time-varying confounders even when all districts do not share a common
trend.

Bandwidth choice is central to the DSD approach. We estimate results using radius of
25, 30, 35, 40, 60, and 80 miles. A radius below 25 miles provides insufficient spatial
variation in rainfall shocks, while larger radii may weaken the assumption of locally
shared conditions. Distances between districts are calculated using centroid coordi-
nates, accounting for administrative boundary changes over time.

We follow Magruder (2013) and employ Conley (1999) standard errors that allow for
spatial correlation across geographically proximate districts. This is important in our

setting, as rainfall shocks, local preparedness, and economic conditions are likely to
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be spatially correlated. Moreover, spatial differencing itself can induce cross-sectional
dependence when nearby districts share common shocks.

We therefore allow for arbitrary spatial correlation within a given distance cutoff,
while assuming that correlation decays with distance. Standard errors are additionally
clustered at the policy level to account for common shocks within administrative units.
Given the limited number of clusters, we assess robustness using more conservative

critical values where appropriate.

3 Results

3.1 Baseline results

We begin by examining four indices of female bargaining power, while results for
a broader set of individual indicators are reported in Appendix Table A2. Table 1
presents the estimates from specification (1). Panel A reports results for the contem-
poraneous flood variable (SPI > 2), while Panel B presents results for the lagged flood
variable. The results show that flood exposure is associated with a sizable contem-
poraneous decline in women’s participation in household decision-making across a
range of domains. In the year of the flood, the estimated coefficients are negative and
statistically significant for all four aggregated indices: decisions related to routine con-
sumption, children, financial transfers and savings, and time spent socialising. These
patterns suggest that floods weaken women'’s bargaining power in the short run.

One year after the shock, the negative effects for indices related to decisions about chil-
dren and financial matters become smaller but remain statistically significant. The in-
dex for decisions related to routine purchases becomes statistically insignificant, while
the index for decisions regarding socialising time switches sign and becomes positive.
Overall, these findings point to a strong short-term deterioration in female bargaining
power after flood exposure, with more heterogeneous and potentially recovering ef-
fects in the medium term. Appendix Table A4 reports the results for moderate floods
(SPI 1.5) and shows that the estimated coefficients are not statistically significant. This
indicates that the negative effects on female bargaining power are driven primarily by
extreme flood events.

We next examine the potential mechanisms through which flood exposure affects fe-

male bargaining power. We focus on two key channels: income shocks and labour
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Table 1. The impact of flood on female decision-making indices

Child Time
Routine related  Financial allocation
decisions decisions decisions decisions time

Panel A

Flood -0.174***  -0.165***  -0.156*** -0.084***
(0.009) (0.007) (0.009) (0.016)

N obs. 5,845 5,336 5,855 5,859

N subdist. 383 361 383 383

Panel B

Flood;_4 -0.033 -0.051***  -0.052** 0.133***
(0.028) (0.019) (0.020) (0.030)

N obs. 5,845 5,336 5,855 5,859

N subdist. 383 361 383 383

Note: The dependent variables are listed in the column headings. All speci-
fications include controls for age, age squared, education, wife and husband
assets, as well as individual, household, and year fixed effects. Standard er-
rors in parentheses are clustered at the subdistrict level. *** p<0.01, ** p<0.05,
*p<0.1.

market participation. Floods can reduce household income through damage to crops
and disruption of economic activity. In developing country contexts, women’s bar-
gaining power is closely linked to their control over resources and their contribution
to household income. A negative income shock may therefore weaken women out-
side options and reduce their influence over household decision-making. We test this
channel by examining changes in individual female income and total household in-

come following flood exposure.

Floods may also affect women’s labour market participation. On the one hand, women
may withdraw from paid work due to increased care responsibilities or disruptions to
local labour markets. On the other hand, they may increase their labour supply as a
coping strategy in response to income losses. These adjustments can alter women’s
economic contribution to the household and, consequently, their bargaining power.

We explore this mechanism by analysing changes in labour force participation.

Table 2 reports the results. Columns (1) and (2), which examine the logarithms of

individual female income and household income, show a significant decline in both
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measures in the year of the flood event. Labour force participation also decreases in the
year of the flood, as shown in column (3). In contrast, the effects in the subsequent year
are statistically insignificant for both income and employment outcomes, suggesting a

recovery in the medium run.

Table 2. The impact of flood on female decision-making indices

Individual Household

LFP
Income Income
1) (2) 3)
Flood -1.144*** -3.223***  _(0.075%**
(0.222) (0.323) (0.023)
N obs. 5,863 5,863 5,863
N subdist. 383 383 383
Flood;_4 -0.565 -0.647 -0.104
(0.551) (0.655) (0.069)
N obs. 5,863 5,863 5,863
N subdist. 383 383 383

Note: The dependent variables are listed in the column
headings. All specifications include controls for age, age
squared, education, wife and husband assets, as well as in-
dividual, household, and year fixed effects. Standard er-
rors in parentheses are clustered at the subdistrict level. ***
p<0.01, ** p<0.05, * p<0.1.

3.2 Alternative specification results

We next assess the robustness of our main findings using alternative specifications
based on the difference-in-spatial-differences (DSD) framework. The DSD estimator
exploits variation in outcomes across geographically proximate areas, thereby relaxing
the common trends assumption required in standard difference-in-differences settings

and allowing for more flexible spatial heterogeneity.

Tables 3 and 4 report the estimated effects of flood exposure using varying spatial
bandwidths. The results are presented separately for contemporaneous exposure (Flood
at the contemporaneous year) and lagged exposure (Flood at the previous year), and
combine both outcome measures of bargaining power and mechanism variables within
a unified framework.
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Overall, the estimates from the DSD specification are less precisely estimated than the
baseline results, which is expected given the substantially reduced effective sample
size inherent in this approach. As emphasized in the DSD literature, identification re-
lies on comparisons across nearby units with sufficient variation in treatment intensity,
which limits the number of usable observations and reduces statistical power. In our
context, this constraint is particularly relevant, as only a subset of districts contribute

to identification at narrower spatial bandwidths.

Despite this loss in precision, the results remain broadly consistent with the main
findings. For contemporaneous flood exposure, the estimated coefficients on the out-
come variables are uniformly negative across all bandwidths, indicating a decline in
women’s participation in household decision-making. Although most coefficients are
not statistically significant, their magnitudes are stable and align closely with the base-
line estimates. This pattern suggests that the adverse effects of floods on female bar-
gaining power are not driven by specification choices, but rather reflect a robust un-
derlying relationship.

Turning to the mechanism variables, we observe similarly consistent patterns. Flood
exposure is associated with declines in individual and household income, as well as re-
ductions in labour force participation, though these effects are estimated with limited
precision in the DSD setting. The signs and magnitudes of these coefficients mirror
those obtained in the baseline regressions, reinforcing the interpretation that contem-
poraneous income shocks and labour market disruptions are key channels through
which floods affect intra-household bargaining dynamics.

For lagged flood exposure, the pattern of results is more nuanced but remains informa-
tive. We continue to observe a clear negative effect on women’s participation in rou-
tine consumption decisions across specifications, indicating a persistent weakening of
bargaining power in this domain. In contrast, the coefficient for time-related decision-
making switches sign and becomes positive, which likely reflects adjustment dynam-
ics within the household rather than a genuine improvement in bargaining power.
This reversal should therefore be interpreted with caution.

Turning to the mechanisms, the results provide a more consistent picture. While
household income does not exhibit a statistically significant decline in the year fol-
lowing the flood, women’s individual income and labour force participation remain

negatively affected. This divergence suggests that aggregate household resources may
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recover relatively quickly, but women’s economic contribution does not. As a result,
women’s relative bargaining position within the household may remain weakened
even in the absence of persistent household-level income shocks.

Taken together, these findings point to an important asymmetry in post-shock recov-
ery: although overall household income stabilises, the distribution of economic re-
sources within the household continues to shift away from women. This provides a
plausible explanation for the persistence of negative effects in certain dimensions of

decision-making, despite the attenuation of average treatment effects over time.

Taken together, these findings provide supportive—albeit weaker—evidence for the
main results. The reduced statistical significance should not be interpreted as a contra-
diction of the baseline estimates, but rather as a consequence of the more demanding
identification strategy and limited local variation. Importantly, the stability of coeffi-
cient signs and magnitudes across specifications strengthens the credibility of our con-
clusions. In line with prior applications of the DSD methodology, we interpret these
results as reinforcing the robustness of the negative impact of flood shocks on female
bargaining power, while acknowledging the inherent trade-off between identification

and precision in this setting.

Table 3. Impact of Flood at T

Flood at T

Outcome Mechanism

Distance Routine Child Money Time  Inannincome InHincome LFPR

25 0.082 -0.096 -0.061 0.035 -2.066 1149 -0.252%
(0.074)  (0.074) (0.071) (0.100) (1.985) (2.253)  (0.126)
30 0.082 -0.096 -0.061 0.035 -2.066 1151 -0.252%
(0.073) (0.074) (0.071) (0.099) (1.984) (2.252)  (0.125)
35 0.086 -0.099 -0.063 0.042 -2.316 1350  -0.237*
(0.073) (0.073) (0.071) (0.099) (1.978) (2.243)  (0.125)
40 -0.086 -0.098 -0.063 0.042 -2.309 1350  -0.237*
(0.072) (0.074) (0.071) (0.098) (1.978) 2.241)  (0.125)
60 -0.101  -0.118 -0.054 0.036 -1.633 -1.917 -0.171
(0.070) (0.075) (0.073) (0.098) (1.920) (2.140)  (0.123)

Note: The dependent variables are listed in the column headings. All specifications include controls for
age, age squared, education, wife and husband assets, as well as individual, household, and year fixed
effects. Standard errors in parentheses are clustered at the subdistrict level. *** p < 0.01, ** p < 0.05, *
p < 0.1
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Table 4. Impact of Flood at T — 1

Flood at T — 1
Outcome Mechanism

Distance Routine Child Money Time Inannincome InHincome  LFPR
25 -0.119**  -0.024 -0.016 0.130*** -1.793* 0.064 -0.174%*

(0.034)  (0.032) (0.033) (0.045) (1.049) (1.537) (0.065)
30 -0.127%* -0.033  -0.023  0.137*** -1.919% 0.173 -0.181*%*

(0.035)  (0.032) (0.034) (0.046) (1.055) (1.546) (0.067)
35 -0.119**  -0.023  -0.024 0.101*** -2.083** -0.952 -0.167***

(0.029) (0.025) (0.028) (0.036) (0.837) (1.273) (0.054)
40 -0.107* -0.032  -0.018 0.110*** -1.461* -0.059 -0.136***

(0.026)  (0.023) (0.025) (0.033) (0.747) (1.204) (0.049)
60 -0.095*** -0.030  0.005 0.114*** -0.468 -1.045 -0.041

(0.024) (0.021) (0.022) (0.029) (0.691) (1.141) (0.046)

Note: The dependent variables are listed in the column headings. All specifications include controls for age,
age squared, education, wife and husband assets, as well as individual, household, and year fixed effects.
Standard errors in parentheses are clustered at the subdistrict level. *** p < 0.01, ** p < 0.05,* p < 0.1.

4 Conclusion

This paper examines how rainfall-induced flood shocks affect women’s bargaining
power within households in Indonesia. Using panel data from the IFLS combined
with high-resolution rainfall variation, we provide evidence that extreme flood events
lead to a substantial short-run decline in women’s participation in household decision-
making across multiple domains, including routine spendings, children-related deci-

sions, financial matters and time spent on socialising.

Our findings suggest that these effects are primarily driven by contemporaneous eco-
nomic disruptions. Floods significantly reduce both individual female income and
overall household income, while also lowering women’s labour force participation.
These results are consistent with a deterioration of women outside options and eco-
nomic contribution to the household, which in turn weakens their bargaining posi-
tion. Importantly, the negative effects appear to be largely transitory: while some
impacts persist one year after the shock, most economic outcomes recover, and the ef-

fects on bargaining power become more heterogeneous across domains. These results
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contribute to the literature by providing direct evidence on the link between climate
shocks and intrahousehold female bargaining power using detailed decision-making
measures. They also highlight the importance of extreme events, as moderate rainfall
shocks do not appear to have significant effects on bargaining outcomes.

From a policy perspective, the findings suggests that climate shocks can have impor-
tant distributional consequences within households. Interventions aimed at mitigat-
ing the economic impacts of climate-related disasters—such as income support, access
to credit, or employment programmes targeted at women—may play a critical role in
preserving women’s economic agency and decision-making power during periods of

environmental stress.

Overall, as climate change is expected to increase the frequency and intensity of ex-
treme weather events, understanding its gendered impacts within households is es-
sential. Future research could further explore long-term effects, heterogeneity across
institutional and cultural contexts, and the role of social protection policies in buffer-

ing adverse impacts on women’s empowerment.
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Appendix A. Construction of Female Bargaining Power Mea-

sures

This appendix describes the construction of the female bargaining power variables
using data from the Indonesia Family Life Survey (IFLS).

A.1 Decision-Making Measures

The IFLS collects information from married respondents on participation in a range
of household decisions. For each decision domain, respondents report which house-
hold members are involved in decision-making, allowing for both individual and joint
decision-making.

We consider the following decision domains: routine household purchases; clothing
expenditures (wife’s and husband’s clothing); children’s outcomes (clothing, educa-
tion, and health); large household expenditures; transfers to extended family (wife’s
and husband’s sides); gifts for social events; financial contributions (arisan and sav-
ings); time allocation for socializing (husband and wife); wheather you/your spouse
work; and the use of contraception.

For each domain, we construct a binary indicator equal to one if the wife is reported to
participate in the decision, and zero otherwise. These indicators capture participation
rather than sole authority. Parallel measures are constructed using both wives” and
husbands’ reports. When based on the husband’s report, variables are denoted with
the suffix “_husband”.

A.2 Aggregate Measures

Children-Related Decision-Making. To isolate bargaining power over child-related
outcomes, we construct an index based on decisions regarding children’s clothing,
education, and health:

<D child clothing + Deducation + D health) . 3)

QW =

Fempowerqy ;4 =
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Routine Consumption Decisions. We construct a measure of bargaining power over

routine consumption as:

Femp OWeIRutine — (D routine purchases +D wife clothing +D husband Clothing> . (4)

W =

Financial Decision-Making. We define a financial decision-making index capturing

control over major expenditures and transfers:

F . D large exp. +D wife’s family +D husband’s family +D gifts +D arisan T D savings
eMPOWery, o = g .
(@)

Time Allocation Decisions. Bargaining power over time allocation is measured as:

(D husband socializing + Duyife socializing) : (6)

N[~

Fempowery,; .. =

All indices are equally weighted averages of non-missing components and lie in [0, 1].
Higher values indicate greater female participation in decision-making and stronger

bargaining power.
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Table A1l. Definitions of Variables

Variable Definition Source

Outcome variables

Children- Average of binary indicators for the wife’s par- IFLS
related  deci- ticipation in decisions regarding children’s cloth-

sions ing, education, and health.

Routine  deci- Average of binary indicators for the wife’s par- IFLS
sions ticipation in routine household purchases and

clothing expenditures.
Financial deci- Average of binary indicators for the wife’s par- IFLS

sions ticipation in decisions on major expenditures,
transfers, gifts, arisan contributions, and sav-
ings.
Time allocation Average of binary indicators for the wife’s par- IFLS
decisions ticipation in decisions regarding her own and
her husband’s socializing time.
Individual Log of the individual female respondent’s in- IFLS
income come.
Household Log of total household income. IFLS
income
LFP Indicator equal to 1 if the individual was work- IFLS

ing or searching for work in the past week, and
0 otherwise.

Control variables

Age Age of the respondent. IFLS
Age? Age squared. IFLS
Education Categorical variable: 0 (no schooling), 1 (pri- IFLS

mary), 2 (junior secondary), 3 (senior sec-
ondary), 4 (tertiary or above).
Household Log of total household assets owned by the wife IFLS
assets (wife) (CPI-adjusted to 2007).
Household as- Log of total household assets owned by the hus- IFLS
sets (husband)  band (CPI-adjusted to 2007).
Flood Indicator for exposure to flooding (see main text IFLS
for construction).

Appendix B: Detailed Female Decision-Making Indicators

This appendix presents a detailed analysis of the impact of flood exposure on individ-

ual components of female decision-making within the household. While the main text
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focuses on aggregated indices, Tables A2 and A3 report results for each underlying

decision category separately.

Table A2 presents estimates from the baseline specification, while Table A3 reports re-
sults from the alternative difference-in-spatial-differences (DSD) specification across
varying distance bandwidths. The outcomes correspond to specific decision domains,
including routine consumption, clothing expenditures, children-related decisions, trans-

fers to extended family, savings behaviour, and time allocation.

B.1 Contemporaneous effects (Flood at t)

Across both specifications, the results indicate a consistent decline in women’s partic-
ipation in a broad set of household decisions in the year of the flood. In the baseline
specification (Table A2), the estimated coefficients are negative and statistically sig-
nificant for most expenditure-related decisions, including routine purchases, clothing,
children’s education and health, and transfers to both the wife’s and husband’s fam-
ilies. Decisions related to savings and informal financial arrangements (e.g. arisan)

also show substantial declines.

The DSD estimates in Table A3 reinforce this pattern. Although these estimates are
less precise—reflecting the reduced effective sample size inherent in the spatial de-
sign—the direction and magnitude of the coefficients remain broadly consistent with
the baseline results. In particular, routine purchases and several financial decision cat-
egories exhibit persistent negative effects across distance thresholds, supporting the

robustness of the contemporaneous decline in female bargaining power.

Time-use decisions display a more nuanced pattern. While women’s participation in
decisions over their own socialising time declines, decisions related to the husband’s
socialising tend to increase in some specifications. This divergence likely reflects a
reallocation of decision authority within the household rather than an improvement

in women’s bargaining position.

B.2 Lagged effects (Flood at t — 1)

The effects of lagged flood exposure are more heterogeneous but remain informative.
In the baseline results (Table A2), negative effects persist for several domains, partic-
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ularly children-related decisions and financial transfers, although the magnitude of

these effects is generally smaller than in the contemporaneous period.

The DSD estimates in Table A3 provide further insight into the dynamics of adjust-
ment. A notable result is the persistence of negative effects in routine consumption
decisions across all distance thresholds, indicating that some dimensions of bargain-
ing power do not fully recover in the year following the shock. At the same time,
many coefficients become statistically insignificant, reflecting attenuation over time

and reduced statistical power in the spatial specification.

An important and consistent pattern emerges in time allocation decisions. The coef-
ticient on the husband’s socialising time is positive and statistically significant across
specifications, whereas the corresponding effect for the wife’s socialising is small and
statistically insignificant. This asymmetry suggests that decision-making authority

over time use may shift in favour of the husband following the shock.

B.3 Interpretation and mechanisms

The disaggregated results highlight two key mechanisms. First, the widespread de-
cline across expenditure categories in the contemporaneous period points to a broad-
based reduction in women’s influence over household resource allocation. Second, the
persistence of effects in specific domains—particularly routine consumption and time
allocation—suggests that intra-household bargaining dynamics adjust unevenly over

time.

These findings are consistent with the mechanism analysis in the main text. While
household-level income appears to recover relatively quickly following flood expo-
sure, women’s individual income and labour force participation remain negatively
affected. This divergence implies that women’s relative economic contribution to the
household continues to lag, thereby sustaining imbalances in decision-making power

even after aggregate conditions improve.
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Table A2. The impact of flood events of various female decision-making indicators

Panel A
Routine Wife’s Husband’s Children’s Children’s Children’s Large
purchases  clothes clothes clothes  education health expenses
Flood; -0.230%**  -0.247**  -0.059***  -0.168***  -0.177*** = -0.215** 0.001
(0.011) (0.009) (0.020) (0.009) (0.009) (0.009) (0.016)
N obs. 5,654 5,793 5,774 4,799 5,031 5,279 5,479
N subdist. 380 383 383 355 360 359 373
Money to Money to  Gifts for ~ Money for Monthly  Time for Tlm.e for
e p . for husband wife
wife’s  husband’s  parties/ monthly
fami . ) . monthly spends spends
amily family weddings arisan . . 1
savings  socializing socializing
Flood; -0.107***  -0.170***  -0.302***  -0.280***  -0.234**  -0.092**  -0.077**
(0.011) (0.013) (0.011) (0.019) (0.022) (0.031) (0.012)
N obs. 5,301 5,242 5,794 2,508 1,690 5,849 5,854
N subdist. 368 360 381 240 207 383 382
Panel B
Routine Wife’s Husband’s Children’s Children’s Children’s Large
purchases  clothes clothes clothes  education health expenses
Flood; 4 -0.030 0.002 -0.053 -0.058*** -0.067** -0.033 -0.026
(0.025) (0.023) (0.060) (0.020) (0.032) (0.021) (0.035)
N obs. 5,654 5,793 5,774 4,799 5,031 5,279 5479
N subdist. 380 383 383 355 360 359 373
Money to Money to  Gifts for ~ Money for Monthly  Time for Tlmg for
e ) . for husband wife
wife’s  husband’s  parties/ monthly
. - . . monthly spends spends
family family weddings arisan . . 1
savings  socializing socializing
Flood;_4 -0.021 -0.033 -0.052* -0.073*** -0.114 0.231*** 0.035
(0.032) (0.030) (0.030) (0.026) (0.081) (0.061) (0.030)
N obs. 5,301 5,242 5,794 2,508 1,690 5,849 5,854
N subdist. 368 360 381 240 207 383 382

Notes: The dependent variables are listed in the column headings. All specifications include controls for
age, age squared, education, wife and husband assets, as well as individual, household, and year fixed
effects. Standard errors in parentheses are clustered at the subdistrict level. *** p < 0.01, ** p < 0.05, *

p <0.1
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Table A3. The impact of flood events on detailed female decision-making indicators

Panel A: Flood at ¢

Distance Routine Wife's Husband'’s Children’s Children’s  Children’s Large
purchases clothes clothes clothes education health expenses
25 -0.273*** -0.090 0.094 -0.083 -0.131 -0.094 0.009
(0.100) (0.086) (0.096) (0.082) (0.082) (0.080) (0.107)
30 -0.274*** -0.089 0.095 -0.083 -0.131 -0.094 0.009
(0.098) (0.086) (0.096) (0.082) (0.082) (0.080) (0.107)
35 -0.276*** -0.092 0.090 -0.086 -0.133 -0.097 0.006
(0.095) (0.086) (0.096) (0.081) (0.082) (0.079) (0.107)
40 -0.275%** -0.092 0.089 -0.086 -0.133 -0.097 0.006
(0.092) (0.086) (0.096) (0.081) (0.082) (0.080) (0.107)
60 -0.199** -0.075 -0.052 -0.068 -0.155* -0.130 -0.006
(0.089) (0.085) (0.093) (0.081) (0.082) (0.082) (0.107)
Money to Money to Gifts for Money for Monthly Husband Wife
Distance  wife’s family — husband’s family = parties/weddings monthly arisan savings socializing  socializing
25 -0.012 -0.014 -0.181* -0.227** -0.070 0.268* -0.198*
(0.081) (0.093) (0.094) (0.113) (0.099) (0.143) (0.119)
30 -0.012 -0.014 -0.181* -0.227** -0.070 0.268* -0.198*
(0.081) (0.093) (0.094) (0.113) (0.099) (0.143) (0.119)
35 -0.014 -0.019 -0.177* -0.231** -0.072 0.272* -0.188
(0.081) (0.093) (0.094) (0.113) (0.099) (0.142) (0.118)
40 -0.015 -0.019 -0.177* -0.231** -0.070 0.271* -0.188
(0.081) (0.093) (0.094) (0.113) (0.099) (0.141) (0.118)
60 0.012 -0.003 -0.163* -0.156 -0.063 0.223 -0.152
(0.082) (0.094) (0.094) (0.116) (0.100) (0.139) (0.118)
Panel B: Flood at t — 1
Distance Routine Wife’s Husband'’s Children’s Children’s  Children’s Large
purchases clothes clothes clothes education health expenses
25 -0.151%* -0.015 -0.094 -0.028 -0.033 -0.005 0.058
(0.038) (0.035) (0.060) (0.039) (0.044) (0.030) (0.051)
30 -0.257#** -0.010 -0.107* -0.049 -0.034 -0.015 0.034
(0.050) (0.036) (0.061) (0.040) (0.046) (0.035) (0.052)
35 -0.151%* -0.012 -0.139*** -0.034 -0.033 -0.016 0.034
(0.037) (0.031) (0.050) (0.032) (0.037) (0.032) (0.041)
40 -0.141%* -0.007 -0.145%** -0.055* -0.035 -0.008 0.016
(0.036) (0.027) (0.046) (0.030) (0.032) (0.025) (0.037)
60 -0.083*** 0.004 -0.178*** -0.040 -0.031 -0.014 0.038
(0.031) (0.025) (0.042) (0.027) (0.029) (0.024) (0.034)
Money to Money to Gifts for Money for Monthly Husband Wife
Distance  wife’s family = husband’s family  parties/weddings  monthly arisan savings socializing  socializing
25 0.010 0.029 -0.018 -0.018 -0.050 0.214%** 0.046
(0.037) (0.052) (0.037) (0.055) (0.062) (0.076) (0.050)
30 0.011 0.016 -0.037 -0.021 -0.051 0.211#** 0.063
(0.043) (0.053) (0.043) (0.052) (0.059) (0.076) (0.050)
35 -0.007 -0.029 -0.031 0.014 0.037 0.158*** 0.046
(0.034) (0.041) (0.034) (0.045) (0.053) (0.060) (0.041)
40 -0.006 -0.019 -0.018 0.024 0.027 0.182*** 0.040
(0.031) (0.037) (0.031) (0.041) (0.050) (0.055) (0.036)
60 0.023 0.034 0.012 0.010 0.018 0.203*** 0.026
(0.029) (0.034) (0.028) (0.036) (0.044) (0.049) (0.033)

Note: The dependent variables are listed in the column headings. All specifications include controls for
age, age squared, education, wife and husband assets, as well as individual, household, and year fixed
effects. Standard errors in parentheses are clustered at the subdistrict level. *** p<0.01, ** p<0.05, * p<0.1.
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Table A4. The impact of moderate flood events on female decision-making indices

Chile Time
Routine related Financial allocation
decisions decisions decisions decisions

Panel A

Flood; 0.082 -0.050 -0.031 -0.031
(0.096) (0.076) (0.040) (0.041)

N obs. 5,845 5,336 5,855 5,859

N subdist. 383 361 383 383

Panel B

Flood;_4 0.003 -0.003 -0.011 0.060**
(0.014) (0.013) (0.014) (0.023)

N obs. 5,845 5,336 5,855 5,859

N subdist. 383 361 383 383

Note: The dependent variables are listed in the column headings. All
specifications include controls for age, age squared, education, wife and
husband assets, as well as individual, household, and year fixed effects.
Standard errors in parentheses are clustered at the subdistrict level. ***
p<0.01, ** p<0.05, * p<0.1.
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