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Abstract

We employ georeferenced data and longitudinal household panel survey data to investigate the impact
of the dramatic flooding that hit Bangladesh from August-September 2014 on women’s employment
and empowerment. Development economics models suggest an increase in household members’ labour
supply as a shock-coping strategy. Our difference-in-differences estimates confirm this assumption:
women’s employment probability increases by approximately 13 percentage points. Correcting for
selection bias due to the initial employment status of women, we also find significant increases in the
probability of non-employed women entering employment, in the average monthly income of employed
women and in the probability of women engaging in autonomous wage-earning activities. Finally, we
show that the greater earning capacity of employed women—instrumented by the intensity of flooding
in the villages where women live—contributes to raising their bargaining power within the household
as measured by the Women’s Empowerment in Agriculture Index and by economic decision-making

indicators.
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1 Introduction

In many developing countries, the employment of women is vulnerable to labour market weaknesses
and cultural norms and traditions. This situation is often stationary or at best, improving in the very
long run. Unexpected idiosyncratic shocks might speed up changes that would not have occurred oth-
erwise. For example, natural shocks may increase the employment of women as a coping strategy to
sustain household economic conditions. In this paper, we exploit the occurrence of a dramatic flood-
ing event in Bangladesh to investigate whether natural shocks affect women’s employment outcomes.
Since women’s employment in low-income countries often means unpaid work for the household farm
or business, we ask whether an increase in employment translates into income-generating activi-
ties outside the household and whether own earnings from working outside the household increase

women’s empowerment.

Previous research on women’s labour supply has sought to explain the determinants of female labour
force participation by focusing on aspects such as, among others, education, fertility and social
norms (Eckstein & Wolpin, 1989; Cullen & Gruber, 2000; Gaddis & Klasen, 2014). Klasen (2019)
reviews the literature on the supply- and demand-side factors that affect women’s decisions to work.
Goldin (1995) was the first to hypothesize that female labour force participation has a U-shaped
relationship with economic growth, dropping in the early stages of development and increasing when
society shifts to a more industrialised economy. Several studies that have tested this hypothesis have
found heterogeneous trends in female labour force participation by country, across urban and rural
sectors, by policy and by macroeconomic conditions (Luci, 2009; Tam, 2011; Gaddis & Klasen, 2014;
Lahoti & Swaminathan, 2016). For the relationship between women’s employment and economic
development, Sarkar, Sahoo, and Klasen (2019) find that increasing local economic development and
a higher income for other members of the household lead to a lower probability of working among

woIinern.

Regarding the impact of idiosyncratic shocks, some studies have evaluated the consequences on
women’s labour supply and earnings of political crises and wars (Smith & Ward, 1985; Acemoglu,
Autor, & Lyle, 2004; Goldin & Olivetti, 2013), while others show that the female labour supply may
act as an insurance mechanism against idiosyncratic earnings risk within the family (Attanasio, Low,

& Sénchez-Marcos, 2005). Bhalotra and Umana-Aponte (2010), in their multi-country analysis of



the developing world, find evidence of increases in women’s labour force participation in contexts of

high income volatility.

For the role of women’s employment in Bangladesh, Rasul et al. (2016) show that a programme that
transferred assets and skills to the poorest women to enhance employment in higher-return occupa-
tions was effective in reducing extreme poverty. For empowerment, Anderson and Eswaran (2009)
find that women induced to work by economic hardship experience an increase in their bargaining

power, but only in the case of employment off of their husbands’ farms.

Our paper is therefore related to the strands of literature that investigate the effects of women’s owner-
ship of production assets (Agarwal & Bina, 1994), access to credit programmes (Hashemi, Schuler, &
Riley, 1996; Anderson & Baland, 2002) and participation in wage-earning activities (Kelkar, Nathan,
& Jahan, 2003) on their autonomy. According to these studies, new earning opportunities for women
have significant implications for their households, for their decision-making power, as well as for their
education, health status, fertility and investments in children (Atkin, 2009; Jensen, 2012; Heath &

Mobarak, 2015).

In Bangladesh, the economic growth of the 1990s was accompanied by an increase in women’s labour
force participation rate from 23 percent in 1990 to 36 percent in 2020 (source: World Bank). This
rise has been explained by numerous factors: the increase in agricultural yields brought about by
the Green Revolution that, starting in the 1960s, thanks to the introduction of new fertilizers, pesti-
cides and modern irrigation equipment, increased harvests by approximately 150 percent (Headey &
Hoddinott, 2016); the rapid decline in the fertility rate from 4.4 percent in 1990 to 2 percent in 2020
(source: World Bank); and the diffusion of the garment industry beginning in the 1990s, which has
grown at a rate of 17 percent per year, as approximately 80 percent of the 4 million people employed
in this sector are women. In addition, the rise in female education and in the enrolment rate that
went from half the rate of boys in 1970 to surpass it in recent years have contributed to boosting
women’s labour force participation. However, the percentage of women who worked without pay on
family farms or in family businesses to total female employment ranged from 46 percent to 27 percent
in the period 2014-2020, quite a large number, especially when compared to the 6 to 7.5 percent for

males in the same period (source: World Bank, ILO estimates).

As in the majority of South Asian countries, in Bangladesh, flooding phenomena are quite com-



mon during the monsoon season. The flooding that hit Bangladesh starting in mid-August 2014
was particularly dramatic, affecting over 3 million people until the end of September. The flood
inundated large rural fields, especially in the northeastern part of the country where it severely dam-
aged crops and, in particular, paddies covering approximately 77 percent of the total crop area in

Bangladesh.

Our causal analysis makes two contributions to the literature. First, focusing on women’s employ-
ment as a fundamental element of household welfare, we measure the effect of floods on women’s
employment outcomes. Second, we identify the relationship between female economic autonomy and
women’s bargaining power—deemed to be positive in Anderson and Eswaran (2009)—through the
employment outcomes enhanced by the shock.

We first present, as a theoretical background to our empirical analysis, a before-and-after-shock model
with two rural production sectors, the net-buyer /small household farm sector and the net-seller/large
household farm sector. We show how, under some realistic assumptions for a rural developing econ-
omy, women working for their net-buyer farms can be induced to move to work on the net-seller
farms either to ensure household survival or simply to be more productive/earn more. Under certain
assumptions, in this way, women gain command of their own independent earnings, thus increasing

their autonomy.

For the empirical analysis, we obtain georeferenced data from NASA satellites on the share of inun-
dated areas for each sampled village where households reside and combine it with panel survey data
on households from the Bangladesh Integrated Household Survey for the period before and after the
shock to examine its impact on female employment. Using a difference-in-differences approach, we
estimate the effect of this continuous treatment on the following employment outcomes: 1) the prob-
ability of employment; 2) the probability of non-employed women entering employment, correcting
for selection; 3) monthly income for women who are employed at baseline, correcting for selection;
and 4) the probability of engaging in independent earning activities for women working for the family
business/farm, correcting for double selection. Finally, we investigate whether employment outcomes
and, in particular, the probability of entering an independent earning activity—instrumented by the
shock—help increase women’s bargaining power within households as measured by the Women’s Em-

powerment in Agriculture Index (WEAI) (Alkire et al., 2013). Following our theoretical model, we



also conduct a heterogeneity analysis of the same outcomes across net-buyer and net-seller house-
holds. As a robustness check for the effect on women’s bargaining power, we use additional indicators
based solely on economic factors. We also perform a parallel trends test using nighttime light data

to approximate the local level of economic activity.

We find that women’s probability of employment and earnings increase significantly after the shock.
Moreover, the probability of women gaining earning capacity through their work, if instrumented by
the intensity of the flood shock, contributes to raising their empowerment within the household. Our
heterogeneity analysis shows that these results are driven by women living on net-buyer household
farms, supporting our assumption that these women are the women who are the most affected by
the shock. Moreover, using indicators that focus on economic decision-making power, we find that
this increased earning capacity after the flood has boosted women’s decision-making power within

the household. Finally, our test does not reject the assumption of parallel trends.

The structure of the paper is as follows. After illustrating our theoretical background model in
Section 2, in Section 3, we describe the data and the variables used for the empirical analysis. In
Section 4 we explain our research strategy. We present our results in Section 5 and some concluding

remarks in Section 6.

2 Theoretical model

Our background theoretical model draws on the literature on agricultural household models (Singh,
Squire, & Strauss, 1986; Key, Sadoulet, & Janvry, 2000; Taylor & Adelman, 2003) that describes
farm and off-farm work participation choices of rural household members as functions of the local
economic development, of the demand for off-farm goods and services and of the agro-ecological
conditions.

In line with the collective approach (Apps & Rees, 1988; Chiappori, 1992) in our household model
the partners have two distinct utility functions. Individual utilities depend on leisure [, on private
goods purchased on the market y, on public goods produced with domestic work QP and on farm

goods produced on the household farm Q¥



In the cooperative scenario, the couple jointly maximises:
an+(1—Oé)Um (1)

aUs(ly,y5, Q7. Q") + (1 = Q)Un(ln, ym, @7, Q) (2)

where a = f(Uy, Up,) = and Uy, U, are male and female utilities in the non-cooperative sce-

U
T+ 0Um
nario. The weight given to female utility, o, is a proxy of her bargaining power and it is increasing
in the reservation utility U; she would obtain in case cooperation breaks down—where the more
common scenario employed in the literature on developing countries is that of non-cooperative be-

haviour within marriage (Lundberg & Pollak, 1993)—and decreasing in the reservation utility of her

partner.

Since the market position of rural households before the shock is crucial in the determination of its
impact, we distinguish two types of rural households, net buyer households (NB) if the value of what
they buy is higher than the value of what they sell, and net seller households (NS) if the reverse is
true. Moreover, we assume that being NS is positively related with land size, since the model applies
to a labour intensive agricultural production, where economies of scale increase with a higher level of

employment, especially after a wage reduction. Instead, we assume NB to have small land holdings.!

The utility maximisation is subject to the following constraints: the production function of domestic

goods, where we assume, for simplicity, that women in the household are the only producers:
QY = h(HY) (3)

The household farm production function, that depends on the size of land L, material inputs X,
location specific characteristics ¢, such as local climate and soil fertility (Huffman & El-Osta, 1997),

work of both partners HandHE and hired wage-work HY :

QF:f(L,H;j,H;;,HM,X,Qﬁ) (4)

IThe positive relationship between land size and the probability of being NS is supported by the data we use. The
average landholding size of net buyer households is around 75 decimals while the average landholding size of net sellers
is almost the double, 140 decimals (i.e. around 5600 squared metres, where decimals are among the most common

units of measure used for land size in Southeast Asia and one decimal corresponds to around 40 squared metres).



where HM = H%—FH}W.

We differentiate time and budget constraints by NB and NS households. Our model has two periods
separated by an exogenous negative shock. Starting with NS, in period 1 the husband uses his

time for working on the houschold farm, HE and leisure, I,,. We assume, therefore, that in larger

land-holdings the husband—who is generally the land owner— will devote all his working time to
farming on his own land instead of working in the market. Hired labour requires supervision and
this implicit cost is increasing with the amount of land (Anderson & Eswaran, 2009). We suppose,
as a consequence, that family labour, inclusive of supervision costs, is cheaper and this would induce
households to exhaust all available family labour on their farms before resorting to external labour.

For this reason, the wife spends her time working on the household farm H f , doing domestic work

H J’? and having some leisure /;. Therefore, their time constraints become:
T=H)+1,, HE >0 (5)
T = Hf + Hf +1; (6)

where T is the time endowment of both partners.

The budget constraint for NS is:

PY =P5(Q" -C)—-wHY (7)

where Y = y; + ¢, C is the amount of farm goods consumed by the household and W is the market

wage. We assume that NS sell to both urban residents and rural NB.

In NB, at time 1 the husband uses his time for working on the farm, HY, working on the market

m?

HM and leisure, [,,. The wife has the same time allocation as in net seller households. Their time

constraints become:

Tn=HE+HY + 1, (8)
Ty=Hf + H' + HY + 1y (9)

and their budget constraint is:
PY =WH + WH) + P5(Q" - O) (10)

8



where the last term on the right hand side is negative and amounts to the value of farm goods bought

from NS.

In line with the evidence on gender productivity gaps (Quisumbing, 1996; Ali, Bowen, Deininger,
& Duponchel, 2016) we assume that women’s marginal productivity of labour is lower than men’s,
so that in equilibrium W; < W,,; we also assume that NS benefit from economies of scale so that
the marginal productivity of labour with respect to NB is higher for both women and men. Figure
1 illustrates the labour supply and labour demand equilibria in terms of number of workers and
total wage per worker in the NB and NS labour markets - points E1}%, E17" and E}®, E}®
respectively. Since the four points represent full-employment equilibria, even if wages/value of the
marginal productivity of labour in the NS market is higher than in the NB market (for both men

and women), the workers could not move from NB to NS.

In our simplified model of dual-earner households in which, independently of the wage/income level
of the husband, women are required to work, in both markets there exist a female survival wage Wy,

that represents a minimum value of women’s marginal productivity, below which the household could

F

surv.*

not produce the necessary output for survival (or for food security of the household) Below

it, women would be forced to look for wage employment in the NS labour market.

In period 2 the exogenous negative shock shifts downwards the production function of farm goods of
both NS and NB. Figure 2 shows: the production function of NB where the input on the horizontal
axis for the production of Q¥ is the time spent working on the farm by the wife, H%"; the production
function of domestic work and the time required to produce it, H f? ; the output of the time spent
working on the farm by the husband, QY. H f? represents a fixed share of time devoted to housework
and leisure. After the shock, the production function of farm work would shift down to Q" = g(H{')
where ¢ (H f ) < f(H f ). Given the equality between the marginal productivity of labor and the
wage rate, under our assumptions at any new equilibrium, wages of the NS market are higher with
respect to the NB market. This is in line with the evidence found by Mueller and Quisumbing (2011)
that shows that after the 1998 'flood of the century’ in Bangladesh wages of agricultural workers who
moved towards non-agricultural employment, experienced a lower reduction in wages. In our case,
NB workers move to the more productive and less disadvantaged NS farms where wages were less

affected.



As a consequence of the shock, for NB the labour demand would shrink from DV® to D'VB. For
equal shifts of the demand curve for both females and males, we assume that the new equilibrium for
the husband, E2YB would still be above the equilibrium for the wife, EQ}V B_ Given this scenario, at
E2§V B all working women would face a wage equal or lower than w,,,, so that they would be induced
to moving to work in the NS market. In the NS market the drop in marginal productivity would
imply a downward shift of the demand function from D™ to D'VS. The labour supply curve would
instead increase. Assuming a larger shift of the supply curve with respect to the demand curve, the
new equilibrium in our example would be E2}V 9 where w is lower than F 1}\[ S because of the drop
in marginal productivity—but higher with respect to E 1;)7 B The number of employed women, n,
is then increased with respect to period 1. The NS market will employ women first, as they are
remunerated with a lower wage with respect to men, satisfying its labour demand with the number

of women coming from the NB market.

Moving from the NB to the NS market represents for the wife a shift from working on the husband’s
farm to engaging in an independent wage-earning activity. The higher wage rate she receives in the
NS market 2—represented in Figure 2 by the tangency point between her indifference curve and the
new budget constraint given the wage received in the NS market, WQ}V S similarly to Anderson and
Eswaran (2009) induces her to work off her husband’s farm (or to work more off if she was already

working off the farm).

As a consequence, the wife will curtail the share of her time devoted to work on the household farm.

F

Surw. (TEDrEsented

Since H f and HE are assumed to be substitutes in the production of a minimum Q
in Figure 2 by the sum of Q% and Q? ), to maintain this output unvaried the husband will increase
his working time devoting a larger part of it to working on the farm. The drop in the husband
utility, due mainly to a drop in [, and in the consumption of the private good, y,,, would decrease
his threat utility U,,. In a non-cooperative scenario U ¢ would raise—because of the wife’s increased

earning capacity and consumption of the market goods y; and increased leisure [;—thus leading to

an increase in the indicator of her autonomy, a.

2Tt is worth noting that in our empirical analysis women employed on the husband’s farm work without pay, while
they earn an independent income only if they have some earnings from an economic activity in the local labor market.
Therefore, our conjectures on the impact of increasing wage rate on female autonomy are applicable to the impact of

the shift from unpaid to paid work in the empirical model.
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Figure 1. Labour market equilibria for NB and NS
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Note: Time 1 and Time 2 represent the periods before and after the shock, respectively. w represents the value of the marginal
productivity of labour in both markets. At time 1, w is figurative since women work without pay. At time 2, w is effectively paid to
women who have moved from NB to NS.

11



Figure 2. NB production functions and budget constraints before and after the shock
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Note: The figure shows the production functions for farm work before (f/ (Hf) and after the shock (gl (H;_') for net buyers.
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3 Data sources and variables

3.1 Georeferenced data

To measure the impact of natural shocks at the local level, we employ village exposure to inundation
as continuous treatment for our analysis. For this purpose, we use the NASA Flooding Map, composed
of 250-m resolution images obtained by applying the LANCE processing system to MODIS products.?
The satellite images determine flooded areas as water observations falling outside normal water levels,

taking as reference another MODIS product, MOD44W.

According to the Official Report of the Bangladesh Water Development Board of the National Gov-
ernment for 2014, rainfall intensity during the monsoon season exceeded that of previous years
and reached the maximum peak toward the end of August, as shown in Figure 3. Therefore, we
employ composite satellite images for an interval of 15 days between the end of August and mid-

September.*

We define our treatment as the share of areas, in each village where sampled households reside, that
were recognized as flooded in the first days of September resulting from the accumulated rainfall of
the last two weeks of August. Figure Al in the Appendix illustrates MODIS satellite images for the
period before the flooding, July 2014—already in the monsoon season—and for the period considered.
Flood zones—coloured in orange, to be distinguished from normal surface water in blue—are clearly

more numerous in the second picture, in particular in the northeastern part of the country.

The unit of analysis for our treatment are the 318 surveyed rural villages that are nationally repre-
sentative of the country’s rural areas. For each village in the sample we calculate the share of pixels
(where pixel resolution is 250 m) identified as "flooded” in a 5-kilometre radius, where the average
number of pixels in the calculated radius is approximately 3,800. To check for robustness, we also

repeat our tests for 2- and 10-kilometre radiuses.

3The data can be publicly accessed at https://floodmap.modaps.eosdis.nasa.gov.
4The NASA composite product for the period August 31st-September 15th, by combining information from daily

images and ”smoothing” high-frequency variations, overcomes the issue of sensing measurement errors due to clouds
that prevent the satellite from obtaining a precise image, identifying a pixel area as "flooded” if it is recognized as

such at least twice.

13



As in Groger and Zylberberg (2016), the 5-kilometre radius presumably represents the area where
rural households have their agricultural activities. The treatment variable corresponds therefore to
the probability of a ”pixel area” in the village being inundated in the period considered. Figure A2
in the Appendix shows the percentage of inundated areas during flooding with respect to normal
periods. With the treatment specification of the 5-kilometre radius, the mean share of submerged
area corresponds to 18 percent, with a maximum of 94 percent, while in normal periods, the mean
is 8 percent and the maximum is approximately 45 percent. However, to understand the economic
consequences of flooding, it is important to highlight that in some villages stream water did not flow
away immediately after the flood, probably because of differences in soil absorption (see Figure A2).
In line with the literature, this measure of treatment proxies the village-level damage the flood caused
to rural areas and cultivations. Figure 4 illustrates the geographic distribution and the intensity of

the treatment variable during the flooding (August 31st-September 15th).

A potential problem of endogeneity stems from the fact that villages may differ in some geographical
characteristics that affect both the probability of being treated and the outcomes of interest. To take
account of this issue, we control for the village propensity to be submerged by water during normal
times as measured by the percentage of water coverage in the 5-kilometre radius in July 2014, and

we include region and wave fixed effects.

3.2 Household survey and women’s sample

We employ the Bangladesh Integrated Household Survey (BIHS), a panel study conducted by IFPRI
in two rounds, the first in 2011-2012 (October 2011-June 2012) and the second in 2015 (January-
June 2015). This survey has national coverage and is representative of the rural areas in all seven
divisions of the country. The survey longitudinally follows approximately 6,500 households and 29,000
individuals, each of whom reports information on employment status, working hours, monthly income
and other labour variables. The attrition rates are 4.4 and 22 percent at the household and individual
levels, respectively. We perform an attrition analysis to address the problem of potential bias due
to the correlation between the occurrence of flooding and the failure to track displaced households—

according to national statistics, approximately 57,000 families were displaced between August and

14



Figure 3. Two-week average cumulative rainfall in millimetres and the share of flooded areas in
Bangladeshi villages for the period 2010-2014
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Note: In panel A, the figure shows the rainfall intensity during the monsoon periods between 2010 and 2014, measured as the average
tenth of a millimetre of accumulated rainfall over a period of 15 days in all Bangladeshi villages and obtained from NASA Integrated
Multi-satellite Retrievals for GPM. In Panel B, the same measure for rainfall is combined with the average share of inundated areas in all

villages in 2014, calculated from NASA MODIS satellite images.
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Figure 4. Geographical distribution of treatment

Note: The map illustrates the share of inundated areas for each 5-km radius around the 318 villages in the sample. Authors’ calculations
are based on products from the NASA LANCE processing system applied to MODIS images from the Terra and Aqua satellites with 250

m resolution, where flooding is determined as water observations falling outside normal water levels. This figure is drawn from Giannelli

and Canessa (forthcoming), Section 3.1, Figure 2.
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