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Abstract

With increasing occurrences of natural disasters globally, there is a need to study their
demographic effects both in the short- and long-run. In the backdrop of the 2001 Gu-
jarat earthquake that resulted in over 20,000 casualties and large-scale loss of property,
this paper analyzes marriage market responses in the event of a natural disaster. Using
the 2004-05 round of the India Human Development Survey and employing a difference-
in-differences strategy, we find a statistically significant reduction in women’s marriage
age, a lower probability of marital matches within the same villages, a decrease in
spousal educational difference and probability of marrying a husband with more edu-
cation, and an increased likelihood of women marrying into poorer households. Addi-
tionally, we discuss how our results could be affected by several channels and provide
empirical evidence on changes in dowry payments as a potential mechanism.
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1 Introduction

Globally, 7,474 natural disasters have been recorded between 1998-2018 (Ritchie and Roser,

2019).Caused by environmental factors, natural disasters are severe and unexpected adverse

events that often result in significant loss of life and property. The average economic loss from

these events is estimated to be between US $250 billion and US $300 billion annually (United

Nations, 2015). While there is no significant difference in the frequency of occurrence of

natural disasters between the developing and developed world, the effects vary vastly among

them. Better institutions, higher literacy rates, higher GDP per capita and an open economy

are some of the factors that help countries recover from the devastating effects of natural

disasters (Kahn, 2005; Noy, 2009). Among many macroeconomic outcomes, these disasters

can affect fiscal and trade deficits (Heger, Julca and Paddison, 2008), flow of capital (Yang,

2008), unemployment rates (Lynham, Noy and Page, 2017), and long-run growth (Skidmore

and Toya, 2002; Strobl, 2012). The impact of natural disasters also vary significantly within

countries, by age, gender, and socioeconomic status, reflecting the differences in vulnerability

across these dimensions (Frankenberg, Laurito and Thomas, 2014). While some studies show

that post-disasters, women and girls face a lower life expectancy (Neumayer and Plümper,

2007), higher likelihood of being underweight and stunted (Datar et al., 2013), lower levels of

educational attainment (Caruso and Miller, 2015; Paudel and Ryu, 2018) and that younger

children face higher risks of declines in health indicators (Thamarapani, 2017; Caruso, 2017),

others find opposing results. For example, Datar et al. (2013) find that infants are less

vulnerable to health shocks in India while Takasaki (2017) finds that school enrollment is

lower for boys than girls amongst cyclone victims in rural Fiji .

We contribute to this literature by providing a comprehensive look at marriage outcomes

following the 2001 Gujarat earthquake in India that resulted in approximately 20,000 casu-

alties. Specifically, we examine the earthquake’s impact on the age at marriage of a woman

and her spouse, her autonomy in the choice of spouse, the quality of the match (measured by

education and economic status), and the location of her marital household. While a burgeon-
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ing strand of literature has examined the impact of natural disasters on fertility, sex-ratio,

birth-spacing (Saadat, 2008; Finlay, 2009; Zhao and Reimondos, 2012; Hamamatsu et al.,

2014; Caruso and Miller, 2015; Nobles, Frankenberg and Thomas, 2015; Nandi, Mazum-

dar and Behrman, 2018), birth weight (Torche, 2011), schooling (Caruso and Miller, 2015),

and health indicators (Mazumdar et al., 2014; Thamarapani, 2017), relatively few papers

have focused on marriage outcomes. For instance, Almond et al. (2007) have shown that

the Chinese famine (1959-1961) lowered the quality of marital matches since women ended

up marrying spouses with less education. Using the same setting, Brandt, Siow and Vogel

(2016) found that the marital attractiveness of the famine-born cohort was reduced due to

adverse health outcomes faced by that cohort. Natural disasters can also change marriage

and divorce rates (Cohan and Cole, 2002; Hamamatsu et al., 2014). Age at marriage has also

found to be affected by armed conflicts (Shemyakina, 2009) as well as weather shocks (Corno,

Hildebrandt and Voena, 2017). In addition, Mobarak, Kuhn and Peters (2013) find a lower

likelihood of consanguineous marriages in households that are protected by the construction

of a flood embankment in rural Bangladesh.

India provides a unique setting to examine the formation of marriages due to several en-

trenched features in the marriage market. First, an exceedingly high proportion of marriages

continue to be family-arranged in India (Rubio, 2014). Women tend to marry more educated

men (educational hypergamy), although this trend is on the decline. Irrespective of marriages

being self-arranged or family-arranged, caste homogamy or positive matching with respect

to caste prevails (Allendorf and Pandian, 2016). Furthermore, consanguineous marriages

or marriages between close blood relatives is also very common (Anukriti and Dasgupta,

2018). Finally, marriages in India continue to be characterized by increased dowry payments

(Anderson, 2003; Chiplunkar and Weaver, 2017). A negative financial shock brought on by a

disaster can usher in changes to the above-mentioned patterns. For example, it can augment

the cost of marrying a daughter due to increased dowry payments or not finding quality

matches as would have previously been intended.
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We use the 2004-2005 wave of the India Human Development Survey, a nationally rep-

resentative dataset, to conduct our empirical examination of the marriages formed post-

earthquake. We exploit the district-cohort variation in exposure to the earthquake and rely

on a difference-in-differences estimation strategy. Our results indicate that the earthquake

reduced the age of marriage for women, lowered their probability of marrying within the

same village, reduced spousal educational difference and the probability of marrying a more-

educated husband, and increased the probability of marrying into poorer households and

being related to the spouse prior to marriage in affected districts compared to unaffected

districts. We also account for the intensity of the earthquake to explore whether or not the

most severely affected districts in Gujarat drive our results. Additionally, we discuss mecha-

nisms underlying our results and provide empirical evidence on changes in dowry payments

as a potential channel.

One conceivable threat to our analysis is the issue of migration. If migration rates

due to marriages are significant, we run the risk of incorrectly identifying women in the

affected and unaffected districts. Our results would be susceptible to a downward bias if the

women from the affected regions end up in unaffected areas after the earthquake.1 However,

Chiplunkar and Weaver (2017) document that more than three-quarters of marriages in India

are within the same district. Marrying outside of one’s state is even more uncommon-around

4% (Roy, 2015; Nandi, Mazumdar and Behrman, 2018). Munshi and Rosenzweig (2009)

argue that out-of-state migration is often restricted due to social networks and language

barriers; these in-network (within villages/districts) marriages also provide families with

much needed insurance and risk-sharing. Thus, the possibility of migration affecting our

analysis appears to be trivial.

The remainder of the paper is structured as follows. Section 2 provides background

information on the 2001 earthquake in Gujarat. Section 3 describes our data, presents

descriptive statistics, and details the construction of variables used in this analysis. Section
1Migration in the reverse direction, that is, from unaffected regions to affected districts, would likely be

absent or very negligible following the earthquake.
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4 outlines the empirical strategy, and the results are presented in Section 5. Section 6

provides a discussion of possible mechanisms for our results. We conclude in Section 7.

2 The 2001 Gujarat Earthquake

At approximately 8:46 am on January 26 2001, an earthquake of magnitude Mw 7.7 (6.9

on the Richter scale) struck the Kutch region of Gujarat, a state in western India.2 The

epicenter was 20 km northeast of the town of Bhuj that bore the brunt of the devastation.

Upwards of 1,000 aftershocks of Mw ≥ 3 plagued the region for about 2 years, with the

largest one recorded at Mw 6 just two days after the main event.

Twenty-one out of 25 districts in Gujarat were affected with varying degrees of intensity.

The severely affected districts included Ahmedabad, Jamnagar, Kutch, Patan, Rajkot, and

Surendranagar. Less affected districts are: Amrelli, Anand, Banaskantha, Bharuch, Bhavna-

gar, Gandhinagar, Junagadh, Kheda, Mehsana, Navasari, Porbandar, Sabarkantha, Surat,

Vadodara, and Valsad. Only four districts in the state were completely unaffected: Dahod,

Dangs, Narmada, and Panch Mahals. Figure 1 provides a visual guide to the districts and

the intensity of the earthquake in Gujarat.

The earthquake brought large-scale devastation in the region and affected 16 million

people. The extent of devastation spread across 7,900 villages in 18 towns (Lahiri et al., 2001;

Sinha, 2001). The reported loss of lives was approximately 20,000, and around 165,000 people

were injured, and more than 200,000 were rendered homeless (Lahiri et al., 2001; Sinha, 2001;

Narayan and Sharma, 2004). Approximately 10,000 adults (roughly equal numbers of males

and females) between 15-59 years died, reducing the pool of both productive individuals

and potential spousal matches (Lahiri et al., 2001).3 The quake destroyed close to 300,000

buildings, damaged another 700,000 and caused damages to 14 earth dams in the region
2Mw denotes the moment of magnitude scale used to measure the size of an earthquake. It replaced the

oft-used Richter scale
3Due to a lack of official data on the gender and age composition of the casualties, Lahiri et al. (2001)

use population information from the 1991 Census to calculate the numbers.
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(Madabhushi and Haigh, 2005). The estimated economic loss was in the vicinity of US $2

billion (Sinha, 2001).

To our knowledge, only three studies have examined the socioeconomic consequences of

the Gujarat earthquake. Lahiri et al. (2001) provides an overview of the larger economic

impact of the disaster. Two other papers, Finlay (2009) and Nandi, Mazumdar and Behrman

(2018) evaluate the earthquake’s impact on fertility, sex ratio, and birth spacing. While

Finlay (2009) does not find any significant changes in a woman’s fertility, Nandi, Mazumdar

and Behrman (2018) find an increase in the rates of childbirth, a decrease in birth-spacing

among uneducated women and in incidence of male births among rural women. Our paper

adds to the understanding of the demographic consequences of this earthquake by examining

its impact on marriage outcomes.

3 Data and Descriptive Statistics

Data for our analysis come from the 2004-05 round of the India Human Development Survey

(IHDS), a nationally representative sample consisting of 41,554 households from 25 states

and union territories of India that covers 1,504 villages and 970 urban neighborhoods from

383 districts. The survey collects a rich array of information on household characteristics

such as religion, caste, household income, and detailed individual characteristics including

age, gender, and completed years of schooling. Pertinent to our study, the IHDS interviews

an eligible woman in each household; eligible women are married women between the ages

of 15-49. These women were asked questions about their marital history and involvement in

mate selection, IHDS being the only nationally representative survey to collect information

on women’s involvement in marriage-related decision making.

We limit our sample to four states: Gujarat and the bordering states of Maharashtra,

Madhya Pradesh and Rajasthan. Based on information from Lahiri et al. (2001), 21 out of

25 districts in Gujarat were affected by the quake. The remaining four districts in Gujarat
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together with the districts in the three neighboring states were unaffected by the earth-

quake (see Figure 1). Similar to Nandi, Mazumdar and Behrman (2018), our comparison

group comprises of the three neighboring states so as to keep the socioeconomic and cultural

differences between the affected and unaffected districts at a minimum. Next, the survey

documents a woman’s year of marriage, allowing us to categorize women into two cohorts:

those who were married after the 2001 Gujarat earthquake and hence whose marriage for-

mations could potentially have been negatively affected, and those whose marriages were

already formed before the disaster. Therefore, we additionally restrict our sample to mar-

riages that took place between 1996 and 2005 or approximately five years prior to and after

the earthquake. We also drop women who have been married more than once since these

marriages are likely to be quite different than first marriages.

Descriptive statistics for the study sample are presented in Table 1.4 Age of an individual

is measured in years. Educational attainment is measured as completed years of education.

The raw data indicates that women and their spouses in the affected districts are, on average,

older and more educated than those in the unaffected districts. Religion is divided into three

groups: Hindu, Muslim and Other. The majority of sample in both groups of districts belong

to the Hindu community. Caste is divided into four categories: general, scheduled caste (SC),

scheduled tribe (ST) and other backward class (OBC). The latter three are the historically

disadvantaged caste groups in India since they fall at the bottom of the caste hierarchy.

The statistics on log of household income and monthly consumption per capita indicate that

women in the affected districts are relatively wealthier compared to their counterparts in

the unaffected districts. Urban is an indicator for the location of households: the sample

statistics reveal that 51% of women in the affected districts reside in urban areas versus 33%

in the unaffected districts.

We draw our outcome variables from the section in the survey dedicated to the demo-

graphic and household characteristics of the eligible women. In Table 2, we present descrip-
4Descriptive statistics are presented for the pre-earthquake and post-earthquake period combined. We

conduct a test of the parallel trends assumption in Section 5.4.
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tive statistics for these variables, and again the sample is divided by whether districts were

affected by the earthquake or not. Specifically, our analysis examines 13 dependent variables:

a woman and her spouse’s age at the time of marriage, spousal age difference, an indicator for

whether her marital and natal households are in the same village, an indicator for whether

she belongs to the same caste as that of her husband, difference in spousal education levels,

an indicator for whether her spouse is more educated than her, an indicator for whether the

economic status of her marital household is worse off compared to her natal family, three

indicators for type of marriage, and indicators for whether a woman knew her husband be-

fore the wedding day or was related by blood to him (for example, uncle or cousin) prior

to marriage. Following Allendorf and Pandian (2016), marriages are categorized into three

types and are derived from two survey questions that women were asked to elicit informa-

tion on the mate selection process. The first question asked was “Who chose your husband?”

Women responded that the choice was either made by herself, together with her parents,

only by her parents or only by “others” (extended family members or individuals outside the

family). Only when women responded that parents or others chose their spouses alone was

the question “Did you have any say in choosing him?” asked to which they could respond

“Yes” or “No”. If a woman reported that she chose her own husband, then the marriage is

labeled as “self-arranged” marriage. If she responded that she chose her husband together

with her parents or if parents or others chose a woman’s spouse and she had a say in choosing

him, then the marriage is labeled as “parent-arranged with consent of woman”. If a woman’s

parents chose her spouse and she had no say in the choice, the marriage is labeled as “parent-

arranged without consent of woman”. These three categories thus represent marriage types

ranging from one in which women made the decisions to one in which they had no say at all

in the choice of their spouse and their parents or others made the decisions. Overall, these

outcome variables help us analyze marital matching patterns as well as the quality of the

matches.
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4 Empirical Strategy

The main objective of this study is to analyze the effects of a natural disaster on the marriage

market. There are two sources of variation on how the 2001 Gujarat earthquake could affect

women’s marriage outcomes. First, there is a time component: the cohort of women who were

married after the earthquake versus those already married before an unexpected negative

shock. The next source of variation is geographical: earthquake affected districts in Gujarat

vis-a-vis the remaining districts of Gujarat and all districts in the three neighboring states

of Rajasthan, Madhya Pradesh, and Maharashtra that were not affected by the earthquake.

Our basic empirical strategy can be summarized by the following equation:

yidt = α0 + α1(Affectedd ∗ Postt) + α2(Affectedd) + α3(Postt) +Xπ+

θs + λt + γ(States ∗ Yeart) + εidt

(1)

where yidt is the marriage outcome of woman i in district d in year t. Affectedd is an

indicator variable for whether a district was impacted by the earthquake or not. Postt is

a dummy variable equals one for marriages that took place between 2001 and 2005, and is

equal to zero for marriages between 1996-2000.5 The difference-in-differences coefficient is α1,

which gives the differential impact of the earthquake in the affected districts compared to the

unaffected districts. The vector of household characteristics is given by X and includes caste

and religion indicators, dummy for urban location of the household, log of the household’s

total income and log of monthly consumption per capita. Base groups in the regression are

general caste, Hindu religion, and rural household location. θs and λt are state and year

of marriage fixed effects respectively and are included to capture any heterogeneity at the

state-level and in aggregate time trends. We also include States ∗ Yeart fixed effects to soak

up any differential time trends across states. εidt is the error term.

The above analysis estimates the net effect of the earthquake on marriage outcomes.
5We include marriages from 2001 as well since the earthquake took place in the beginning of the year on

January 26, 2001.

9



However, the negative shock of a natural disaster can affect families differentially based

on the intensity of the earthquake in their area of residence. For example, households in

districts with extreme devastation may suffer more economic losses and household member

deaths thereby finding it harder to recover than those residing in areas of less destruction

and damage. Accounting for the information on earthquake intensity presented in Lahiri

et al. (2001) and shown in Figure 1, we modify Equation 1 to incorporate this heterogeneity

in impact. The revised regression equation we estimate is as below:

yidt = β0 + β1(MostAffectedd ∗ Postt) + β2(LessAffectedd) + β3(MostAffectedd)+

β4(LessAffectedd ∗ Postt) + β5(Postt) +Xπ′ + θs + λt + γ(States ∗ Yeart) + ε′idt

(2)

where MostAffectedd equals one for the 6 districts in Gujarat that were severely affected.

Similarly, LessAffectedd is an indicator for the districts that were classified as moderately

impacted by the earthquake. The comparison group comprises of the unaffected districts in

Gujarat and the three neighboring states. Thus, β1 gives the difference-in-differences impact

of the earthquake in severely affected districts while β2 gives the differential impact on less

severely affected districts. As before, X represents a vector of household controls, and we

include state, year of marriage, and States ∗ Yeart fixed effects. In all our regressions, we

apply the survey sampling weights and use robust standard errors that are clustered at the

district level.

Before continuing on to our results, it is important to consider a few limitations of this

study. First, the dataset collected information from only 383 out of 602 districts in India. For

example, it omits eight districts in Gujarat: five less severely affected and three unaffected

districts. Thus, our analysis is restricted to those districts for which data are available.

Second, IHDS only interviews only one eligible woman per household and so we are unable

to extend our study to other women in these families whose marriage outcomes might also

have been impacted by the earthquake. Third, in an analysis of marriage market outcomes,

it is imperative to control for women’s natal family characteristics such as the educational
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level of their parents. However, this information is not available from our survey dataset.

Finally, unlike other large Indian surveys such as the District Level Household Survey or the

National Family and Health Survey, the IHDS has a relatively smaller sample size, limiting

our ability to conduct regressions on subsamples to examine heterogeneous treatment effects.

5 Results

5.1 Effects on Marriage Outcomes

The results from estimating Equation 1 are presented in Tables 3A and 3B. The first row

gives the difference-in-differences impact of the earthquake on the affected districts compared

to the unaffected districts. Turning to Table 3A, we find significant effects of the earthquake

on the probability of the spouse being from the same village, difference in spousal education,

probability of spouse being more educated than the woman, and probability of the woman’s

marital family being economically worse off compared to her natal family. Controlling for

household characteristics, we find a 6.5 percentage point reduction in the probability of the

spouse being from the same village as the woman across the two time periods (2001-2005

versus 1996-2000) in the earthquake-affected districts compared to the unaffected districts.

Similarly, spousal educational difference is found to reduce by an average of 1.56 years and

there is a 25 percentage point decline in the probability that a woman’s spouse is more

educated than her. There is a 13 percentage point increase in the likelihood of women

marrying spouses whose families are poorer than their natal families. The effects on age

at marriage, spousal age difference, and probability of marrying within the same caste are

statistically indistinguishable from zero. In Table 3B, we find a 26 percentage point reduction

in the probability of self-arranged marriages coupled with an almost equivalent increase in the

probability of parent-arranged marriages with the consent of women. While no statistically

significant results are obtained for the probability of arranged-marriages without the consent

of woman, and probability of knowing spouse, we do see an 17 percentage point increase in
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the spousal match being among relatives.

5.2 Results by Intensity of Earthquake

The above-mentioned results may mask the nuanced effects of the disaster since the estima-

tion equation does not take into account the intensity of the earthquake. Therefore, we turn

to our next set of results from estimating Equation (2) that incorporates heterogeneity in

the impact of the earthquake. The first two rows in Tables 4A and 4B give the difference-in-

differences impact of the earthquake on the most-affected and less-affected districts respec-

tively. In Table 4A, we find that the marriage age for women decreases by an average of

1.4 years in most-affected districts. This, in turn, also increases the spousal age difference.

Regardless of the intensity of earthquake, our results indicate a reduction in the probability

of matches within the same village. Likewise, the results on lower spousal educational gaps

and probability of spouse being more educated, combined with an increase in the probability

of women marrying men from poorer households hold irrespective of whether the district

was severely or less affected. In Table 4B, the results for marriages that were self-arranged

and those that were parent-arranged with the women’s consent are similar in magnitude to

that in Table 3B, even after differentiating the districts based on intensity of the earthquake.

The last column also uncovers an increase in the probability of women being related to their

spouses in less-affected districts compared to unaffected districts. However, although the

coefficient on Post ∗MostAffected is positive (0.081), it is not statistically significant.

To answer the question on whether severity of the earthquake affected marriage market

outcomes, we conduct an F-test to determine if the coefficients on the terms Post ∗MostAffected

and Post ∗ LessAffected are statistically different from each other. From the test-statistics

(not reported), we are unable to reject the null hypothesis of equality of the two coefficients.

Therefore, we can conclude that the results are not affected by severity of the disaster and

what matters for a marriage market response is whether one faced the negative shock or not.
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5.3 Robustness Checks

A natural disaster such as an earthquake is, indeed, an exogenous shock. However, it may be

the case that certain confounding factors could be present in the earthquake-affected districts

or unaffected districts, in which case our estimates will be rendered biased. Again, our results

could be dependent on our choice of study period. To assuage such concerns, we conduct a

series of robustness checks. First, we estimate regressions based on Equation (1) in which

we simulate false locations for the earthquake. In three sets of regressions, we designate

districts in the states of Rajasthan, Maharashtra, and Madhya Pradesh respectively as the

treatment area. These results, presented in Appendix Table A1, reveal that the coefficients

are largely statistically insignificant. Next, we test the sensitivity of our results to the choice

of control states and estimate modified regressions based on Equation (1) in which we drop

the states of Rajasthan, Maharashtra, and Madhya Pradesh respectively one at a time from

the control group. From Appendix Table A2 we find that these results are largely similar

to those presented in Tables 3A and 3B. Finally, we also test the robustness of our results

by estimating regressions based on Equation (1) for additional study periods: from 1998 to

2003 (a shorter time period), and from 1991 to 2005 (a longer time period). These results

are given in Appendix Table A3. Although we lose statistical power due to a smaller sample

size for the time period between 1998 and 2003, it is reassuring that the results from both

sets of regressions are analogous to our main results presented in Tables 3A and 3B.

5.4 Parallel Trends Analysis

To accurately interpret the results of a difference-in-differences estimation, it is imperative

that the parallel trend assumption holds. In other words, we must confirm that the trends

in the outcome variables for the affected and unaffected districts are not statistically dif-

ferent in the pre-earthquake era. In the spirit of Angrist and Pischke (2009), we test this

necessary condition in the following way. First, we limit the years of marriage between 1990

and 2000. Next, we estimate a time trend variable t and interact it with the indicator for
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affected districts. Then, we estimate a regression similar to Equation (1) with the different

marriage outcomes as the dependent variables and the indicator for earthquake-affected dis-

tricts (Affected), time trend (t), and the interaction term (t ∗ Affected) as our independent

variables. The vector of controls denoted by X as well as state and year of marriage fixed

effects are also included in the estimation equation. The coefficients on the interaction term

from these regressions are presented in Appendix Table A4. If these coefficients are statis-

tically equal to zero, the parallel trends assumption will be satisfied (Angrist and Pischke,

2009). In fact, we do find this coefficient to be statistically equal to zero in nearly all the

cases where we obtain statistically significant results (difference-in-differences coefficients).

The only exceptions are the coefficient on parent arranged marriages with and without the

consent of the woman.6 Thus, we can reasonably expect the parallel trend assumption to

hold, which testifies to the validity of our empirical strategy.

6 Possible Mechanisms

There are several channels through which an earthquake can affect marriage market out-

comes. Parents may rush to marry off their daughters when faced with a negative economic

shock since there would be one less mouth to feed. But this inevitably implies that house-

holds with sons (who also faced the negative shock) are willing to take in these daughters.

So why might these sets of households behave in different ways? A likely reason is that

households with sons would gain economically with the provision of dowries, which might

help mitigate the effects of the negative shock. The greater percentage of deaths and devas-

tation in the affected areas could lead altruistic parents to find spouses for their daughters

from another village to shield them against this shock (out-of-network marriages). Either

or both of these reasons could also explain the shift from self-arranged to parent-arranged

marriages. Unfortunately, due to lack of information on women’s parents, we are unable to

test these hypothesized mechanisms.
6For these two outcomes, we are therefore unable to draw a causal inference of impact of the earthquake.
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Natural disasters could also bring about “marriage squeeze” effects if they lead to mis-

matches in the number of potential brides or grooms. Although precise data is not available,

Lahiri et al. (2001) estimate that equal proportions of men and women died in the ages

15-59 years, which makes it unlikely that the earthquake altered the marriage market sex

ratio. Next, the result that spousal educational difference decreases or that women become

less likely to marry a spouse more educated than her could be driven by a few reasons.

One possibility could be that the earthquake directly affected the educational attainment of

men and women because the infrastructure needed to further one’s education, for example,

school buildings, were destroyed. Another reason could be that young adults were forced

to pursue employment opportunities to offset the negative economic shocks faced by their

families. However, analysis of our study sample in the post-earthquake era reveals that less

than 2% of women and less than 1% of men attended an educational institution in the five

years leading up to their wedding. This suggests that the earthquake did not affect edu-

cational investments; only that matching with respect to educational attainment differed

post-earthquake.

Finally, the result that women become more likely to marry into poorer households could

be explained by the effects of the earthquake on dowry payments. Since direct information

on dowries is not collected by the IHDS, we make use of a proxy variable. The IHDS asks

women “Generally in your community for a family like yours, what are the kinds of things

that are given as gift at the time of the daughter’s marriage?” Of the different options,

we focus on the information on “Gold” and “Cash” since these are the two most common

elements of dowry payments. We construct indicator variables with a value of one if women

responded that gold or cash is sometimes or usually given and a value of zero if it is rarely or

never given. Our conjecture is that women’s response to this question will be largely driven

by their own wedding (and hence dowry) experience. Therefore, we estimate regressions

based on Equations (1) and (2) but with this indicator variable on gold or cash gifts as our

dependent variable. The coefficients on the interaction term are presented in Table 5, Panel
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A presents the overall effect of the earthquake and Panel B accounts for the intensity of

the disaster. Columns (1) and (2) indicate that the earthquake increased the probability of

giving gold or cash at the time of daughter’s marriage and these results are true regardless

of the intensity of the earthquake. To make better sense of these estimates, we divide

our sample into a) women who married into poorer families; and b) women whose marital

households have a higher or same economic status as their natal families. Columns (3) and

(4) present the results for the first subsample: the estimates indicate that dowry payments in

the form of gold or cash are discounted when women marry into poorer households. Results

from the Columns (5) and (6) show that the probability of giving gold or cash during the

time of daughter’s marriage increases when women marry into richer households or into

households of the same economic status. This suggests that changes in dowry payments

could be linked to the quality of matches with respect to socio-economic status. The result

on increased likelihood of being related to spouse prior to marriage could also be driven by

dowry payments. In fact, previous studies have found a negative association between dowry

levels and the probability of consanguineous marriages (Do, Iyer and Joshi, 2013; Mobarak,

Kuhn and Peters, 2013). Thus, if an exogenous shock that negatively affects earnings and

livelihood reduces the amount of dowry parents can afford, marrying off daughters to blood

relatives could emerge as an attractive option since lower dowry amounts are required for

these matches.

7 Conclusion

Exploiting the 2001 Gujarat earthquake as a quasi-natural experimental setting, this paper

investigates the impact on the marriage market following a natural disaster in India. The

empirical analysis is carried out using data from a nationally representative survey, and we

rely on a double difference estimation strategy. Our results indicate a lower age at marriage

for women, lowering of the probability of marrying someone from the same village, a reduced
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spousal educational gap and probability of marrying a spouse with more education, and in-

creasing of the probability of women marrying into poorer households and being related to

the spouse prior to marriage in earthquake-affected districts compared to unaffected dis-

tricts. These results stand the test of a series of robustness checks. We explore how several

underlying channels could affect our results and provide empirical evidence on changes in

dowry payments as the driver of our results. Thus, together with previous literature (Lahiri

et al., 2001; Finlay, 2009; Nandi, Mazumdar and Behrman, 2018), our findings on the mar-

riage market post-disaster help paint a comprehensive picture of the demographic effects of

the Gujarat earthquake. These results are also notable because a woman’s marital prospects

(age at marriage, family-arranged marriages, spousal attributes, and characteristics of the

marital home) have important implications on her subsequent life outcomes and well-being

as well as that of her children, including the likelihood of facing domestic violence, autonomy

in decision-making, and control over fertility (Bloch and Rao, 2002; Jensen and Thornton,

2003; Dasgupta, 2014; Rubio, 2014)

Overall, our paper contributes to a growing, yet small, literature that estimates the

welfare effects of natural disasters. Households can respond to the negative shock brought

about by an unpredictable and devastating event such as an earthquake by making various

changes, including in the marriage market. As our findings uncover, these changes are quite

substantial and relevant, and need to be taken into account by policymakers looking to

formulate comprehensive disaster management policies.
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Figure 1: Map showing affected and unaffected districts

Notes: Based on information from Lahiri et al. (2001). Severely affected districts in Gujarat in-
clude Ahmedabad, Jamnagar, Kutch, Patan, Rajkot, and Surendranagar. Less affected districts are:
Amrelli, Anand, Banaskantha, Bharuch, Bhavnagar, Gandhinagar, Junagadh, Kheda, Mehsana,
Navasari, Porbandar, Sabarkantha, Surat, Vadodara, and Valsad. The four unaffected districts
in Gujarat are Dahod, Dangs, Narmada, and Panch Mahals. This map was created using Ar-
cGIS (version 10.3). GIS shapefiles were downloaded from https://international.ipums.org/
international/.
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Table 1:
Summary Statistics of Affected and Unaffected Districts

Affected Unaffected

Mean SD Mean SD
(1) (2) (3) (4)

Age of woman 24.34 3.65 23.04 3.33

Age of spouse 28.23 4.36 27.45 4.26

Education of woman 6.65 5.14 5.84 4.82

Education of spouse 8.62 4.62 8.07 4.33

Log of Household Total Income 10.64 1.08 10.49 0.97

Log of Monthly Consumption Per Capita 6.75 0.59 6.40 0.64

Urban 0.51 0.50 0.33 0.47

Religion

Hindu 0.86 0.35 0.87 0.34

Muslim 0.13 0.33 0.08 0.27

Other 0.02 0.13 0.05 0.21

Caste

General 0.41 0.49 0.32 0.47

Scheduled Caste (SC) 0.11 0.32 0.21 0.41

Scheduled Tribe (ST) 0.05 0.22 0.11 0.32

Other Backward Classes (OBC) 0.42 0.49 0.36 0.48

Observations 436 1753
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Table 2:
Descriptive Statistics of Outcome Variables for Affected and Unaffected Districts

Affected Unaffected
Mean SD N Mean SD N
(1) (2) (3) (4) (5) (6)

Woman’s Age at Marriage 19.02 2.93 436 17.80 2.90 1,753

Spouse Age at Marriage 22.91 3.47 436 22.21 3.89 1,753

Age Difference 3.89 2.50 436 4.41 2.53 1,753

Spouse from Same Village 0.09 0.29 435 0.11 0.31 1,744

Spouse from Same Caste 0.90 0.30 435 0.98 0.15 1,748

Difference in Education 1.97 3.37 436 2.23 3.84 1,753

Spouse More Educated 0.56 0.50 436 0.58 0.49 1,753

Spouse Family Worse Off-status 0.07 0.26 436 0.07 0.26 1,753

Self-arranged Marriage 0.11 0.31 436 0.03 0.16 1,750

Parent-arranged Marriage with Consent 0.85 0.35 434 0.60 0.49 1,738

Parent-arranged Marriage without Consent 0.04 0.19 434 0.38 0.48 1,738

Knew Spouse 0.37 0.48 434 0.20 0.40 1,748

Related to Spouse 0.09 0.29 189 0.19 0.39 1,376
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Table 3B:
Effect of the Earthquake on Marriage Market Outcomes

Self-Arranged Parent Arranged Parent arranged Knew Related to
with Consent without Consent Spouse Spouse

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

Post*Affected -0.26*** 0.28*** -0.026 0.021 0.17*
(0.023) (0.031) (0.020) (0.068) (0.085)

Post -0.011 0.28 -0.26 0.018 0.020
(0.011) (0.25) (0.25) (0.10) (0.032)

Affected 0.11*** -0.30*** 0.18*** -0.46*** -0.16**
(0.039) (0.082) (0.067) (0.086) (0.073)

Observations 2,186 2,172 2,172 2,182 1,565

R2 0.045 0.251 0.335 0.112 0.122

Notes: ***, **, * denote significance at 1%, 5% and 10% respectively. Robust-clustered standard
errors are reported in parentheses. All controls are included but not reported. State, year of
marriage, and state*year of marriage fixed effects are included.

26



T
ab

le
4A

:
E
ff
ec
t
on

M
ar
ri
ag
e
M
ar
ke
t
O
u
tc
om

es
by

In
te
n
si
ty

of
E
ar
th
qu

ak
e

W
om

an
’s

A
ge

Sp
ou

se
A
ge

A
ge

Sp
ou

se
fr
om

Sp
ou

se
fr
om

D
iff
er
en
ce

Sp
ou

se
Sp

ou
se

Fa
m
ily

at
M
ar
ri
ag
e

at
M
ar
ri
ag
e

D
iff
er
en
ce

Sa
m
e
V
ill
ag
e

Sa
m
e
C
as
te

in
E
du

ca
ti
on

M
or
e
E
du

ca
te
d

W
or
se

O
ff-
St
at
us

(1
)

(2
)

(3
)

(4
)

(5
)

(6
)

(7
)

(8
)

P
os
t*
M
os
t
A
ffe
ct
ed

-1
.3
7*
**

-0
.8
4

0.
54
*

-0
.0
78
**

-0
.0
20

-1
.5
2*
**

-0
.1
5*
**

0.
12
**
*

(0
.5
0)

(0
.6
0)

(0
.2
7)

(0
.0
37
)

(0
.0
64
)

(0
.3
1)

(0
.0
52
)

(0
.0
40
)

P
os
t*
Le

ss
A
ffe

ct
ed

-0
.4
2

-0
.3
4

0.
07
4

-0
.0
58

0.
04
0

-1
.5
8*
**

-0
.3
3*
**

0.
14
**
*

(0
.6
3)

(0
.7
1)

(0
.3
7)

(0
.0
42
)

(0
.0
36
)

(0
.4
1)

(0
.0
80
)

(0
.0
42
)

P
os
t

3.
12
**

2.
82
**

-0
.3
0

0.
05
0

0.
02
6

-0
.1
2

-0
.1
2

-0
.0
15

(1
.2
1)

(1
.1
4)

(1
.3
6)

(0
.1
2)

(0
.0
31
)

(2
.4
3)

(0
.2
3)

(0
.0
22
)

M
os
t
A
ffe
ct
ed

0.
38

0.
65

0.
27

-0
.0
91
**

-0
.0
42

1.
41
**
*

0.
08
2

0.
00
01
6

(0
.3
4)

(0
.4
3)

(0
.2
7)

(0
.0
44
)

(0
.0
41
)

(0
.4
3)

(0
.0
72
)

(0
.0
24
)

Le
ss

A
ffe

ct
ed

0.
03
9

0.
65

0.
61
*

-0
.0
04
4

-0
.0
92
*

1.
28
**
*

0.
18
**
*

-0
.0
59
**
*

(0
.3
4)

(0
.4
2)

(0
.3
3)

(0
.0
52
)

(0
.0
47
)

(0
.4
7)

(0
.0
54
)

(0
.0
22
)

O
b
se
rv
at
io
n
s

2,
18
9

2,
18
9

2,
18
9

2,
17
9

2,
18
3

2,
18
9

2,
18

9
2,
18

9

R
2

0.
27
7

0.
27
8

0.
12
7

0.
05
9

0.
04
6

0.
10
9

0.
04
6

0.
03
8

N
ot
es
:
**
*,

**
,
*
de
no

te
si
gn

ifi
ca
nc
e
at

1%
,
5%

an
d
10
%

re
sp
ec
ti
ve
ly
.
R
ob

us
t-
cl
us
te
re
d
st
an

da
rd

er
ro
rs

ar
e
re
po

rt
ed

in
pa

re
nt
he
se
s.

A
ll
co
nt
ro
ls

ar
e

in
cl
ud

ed
bu

t
no

t
re
po

rt
ed
.
St
at
e,

ye
ar

of
m
ar
ri
ag
e,

an
d
st
at
e*
ye
ar

of
m
ar
ri
ag
e
fix

ed
eff

ec
ts

ar
e
in
cl
ud

ed
.

27



Table 4B:
Effect on Marriage Market Outcomes by Intensity of Earthquake

Self-Arranged Parent Arranged Parent arranged Knew Related to
with Consent without Consent Spouse Spouse

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

Post*Most Affected -0.24*** 0.25*** -0.012 0.021 0.081
(0.026) (0.026) (0.021) (0.11) (0.092)

Post*Less Affected -0.27*** 0.31*** -0.039 0.016 0.23**
(0.028) (0.044) (0.029) (0.063) (0.058)

Post -0.011 0.28 -0.26 0.018 0.020
(0.011) (0.25) (0.25) (0.10) (0.033)

Most Affected 0.12** -0.27*** 0.15** -0.56*** -0.093
(0.059) (0.081) (0.065) (0.14) (0.075)

Less Affected 0.11*** -0.32*** 0.20** -0.40*** -0.21***
(0.041) (0.097) (0.078) (0.070) (0.056)

Observations 2,186 2,172 2,172 2,182 1,565

R2 0.046 0.251 0.336 0.118 0.124

Notes: ***, **, * denote significance at 1%, 5% and 10% respectively. Robust-clustered standard
errors are reported in parentheses. All controls are included but not reported. State, year of marriage,
and state*year of marriage fixed effects are included.

28



Table 5:
Mechanism: Effect on Proxy for Dowry Payment

Full Sample Worse-Off Status Same or Better Status

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

Panel A: Full Sample

Post*Affected 0.34*** 0.20*** -0.75** 0.46 0.30*** 0.20***
(0.016) (0.052) (0.37) (0.41) (0.017) (0.055)

Observations 2,185 2,170 156 156 2,029 2,014

R2 0.141 0.086 0.333 0.416 0.157 0.082

Panel B: By Intensity of Treatment

Post*Most Affected 0.34*** 0.14* -0.53** 0.38 0.29*** 0.13
(0.019) (0.075) (0.25) (0.46) (0.015) (0.10)

Post*Less Affected 0.34*** 0.24*** -1.03** 0.63 0.31*** 0.25***
(0.025) (0.063) (0.39) (0.60) (0.025) (0.061)

Observations 2,185 2,170 156 156 2,029 2,014

R2 0.141 0.091 0.357 0.419 0.157 0.088

Notes: ***, **, * denote significance at 1%, 5% and 10% respectively. Robust-clustered
standard errors are reported in parentheses. All controls are included but not reported.
State, year of marriage, and state*year of marriage fixed effects are included. Columns
(1) and (2) present results for the full sample, Columns (3) and (4) for when a woman
marries into a poorer household, and finally Columns (5) and (6) present results for
when a woman’s marital family is of similar or better off economic status as that of her
natal family.
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A Appendix Tables

Table A1:
Robustness Check: Simulating False Location for Earthquake

Rajasthan Maharashtra Madhya Pradesh
as treatment as treatment as treatment

(1) (2) (3)

Woman’s age at marriage 1.37 -1.37 1.65
(1.29) (1.29) (1.51)

Spouse age at marriage 0.94 -0.94 1.11
(1.45) (1.45) (1.90)

Age difference -0.42 0.42 -0.54
(1.64) (1.64) (1.58)

Spouse from same village -0.018 0.018 0.40
(0.14) (0.14) (0.28)

Spouse from same caste -0.0028 0.0028 0.021
(0.036) (0.036) (0.036)

Difference in education 1.38 -1.38 -1.16
(2.62) (2.62) (2.65)

Spouse more educated 0.088 -0.088 0.067
(0.26) (0.26) (0.34)

Spouse family worse-off status 0.046 -0.046 0.017
(0.079) (0.079) (0.033)

Self-arranged 0.034 -0.034 -0.016
(0.026) (0.026) (0.022)

Parent arranged with consent 0.049 -0.049 -0.16
(0.26) (0.26) (0.37)

Parent arranged w/o consent -0.085 0.085 0.17
(0.26) (0.26) (0.37)

Knew spouse 0.027 -0.027 0.38
(0.13) (0.13) (0.27)

Related to spouse -0.041 0.041 -0.11*
(0.14) (0.14) (0.064)

Notes: ***, **, * denote significance at 1%, 5% and 10% respectively. Robust-clustered standard
errors are reported in parentheses. All controls are included but not reported. State and year
of marriage marriage fixed effects are included. Each row represents a separate regression with
the dependent variable as given. Only the coefficient on the interaction term Post * Affected is
reported.
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Table A2:
Robustness Check: Dropping Control States One at a Time

Dropping Rajasthan Dropping Maharashtra Dropping Madhya Pradesh
(1) (2) (3)

Woman’s age at marriage -0.82 -0.75 -0.84*
(0.50) (0.48) (0.50)

Spouse age at marriage -0.58 -0.43 -0.57
(0.58) (0.56) (0.58)

Age difference 0.24 0.32 0.26
(0.29) (0.29) (0.29)

Spouse from same village -0.066* -0.059 -0.064*
(0.036) (0.038) (0.036)

Spouse from same caste 0.013 0.013 0.014
(0.040) (0.041) (0.040)

Difference in education -1.52*** -1.73*** -1.55***
(0.29) (0.33) (0.29)

Spouse more educated -0.25*** -0.27*** -0.26***
(0.060) (0.062) (0.060)

Spouse family worse off status 0.13*** 0.14*** 0.13***
(0.037) (0.037) (0.036)

Self-arranged -0.25*** -0.26*** -0.25***
(0.023) (0.022) (0.022)

Parent arranged with consent 0.28*** 0.29*** 0.28***
(0.032) (0.035) (0.029)

Parent arranged w/o consent -0.027 -0.023 -0.023
(0.021) (0.023) (0.020)

Knew spouse 0.021 0.027 0.027
(0.068) (0.064) (0.068)

Related to spouse 0.17* 0.15* 0.17*
(0.087) (0.077) (0.088)

Notes: ***, **, * denote significance at 1%, 5% and 10% respectively. Robust-clustered standard errors are
reported in parentheses. All controls are included but not reported. State and year of marriage marriage fixed
effects are included. Each row represents a separate regression with the dependent variable as given. Only the
coefficient on the interaction term Post * Affected is reported.
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Table A3:
Testing Sensitivity of Results to Choice of Study Time Period

1998-2003 1991-2005
(1) (2)

Woman’s age at marriage -1.40** -0.33
(0.60) (0.48)

Spouse age at marriage -1.02 0.49
(0.68) (0.49)

Age difference 0.38 0.81***
(0.24) (0.28)

Spouse from same village -0.11*** 0.0076
(0.032) (0.032)

Spouse from same caste 0.002 0.028
(0.044) (0.029)

Difference in education -1.08** -1.79***
(0.44) (0.29)

Spouse more educated -0.24*** -0.30***
(0.085) (0.049)

Spouse family worse off status 0.095** 0.12***
(0.038) (0.035)

Self-arranged -0.30*** -0.21***
(0.021) (0.019)

Parent arranged with consent 0.32*** 0.23***
(0.028) (0.024)

Parent arranged w/o consent -0.025 -0.019
(0.022) (0.016)

Knew spouse -0.095 0.051
(0.093) (0.054)

Related to spouse 0.23** 0.13**
(0.10) (0.057)

Notes: ***, **, * denote significance at 1%, 5% and 10% respectively.
Robust-clustered standard errors are reported in parentheses. All controls
are included but not reported. State and year of marriage marriage fixed
effects are included. Each row represents a separate regression with the
dependent variable as given. Only the coefficient on the interaction term
Post * Affected is reported.
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Table A4:
Testing Parallel Trends Assumption

t *Affected
(1)

Woman’s age at marriage -0.031
(0.051)

Spouse age at marriage 0.014
(0.054)

Age difference 0.045
(0.040)

Spouse from same village 0.007
(0.007)

Spouse from same caste 0.002
(0.004)

Difference in education 0.033
(0.050)

Spouse more educated <0.000
(0.007)

Spouse family worse off status -0.003
(0.005)

Self Arranged Marriage 0.002
(0.004)

Parent arranged marriage with consent -0.015***
(0.005)

Parent arranged marriage without consent 0.013***
(0.005)

Knew husband 0.011
(0.008)

Related to husband 0.001
(0.008)

Notes: ***, **, * denote significance at 1%, 5% and 10% respec-
tively. Robust-clustered standard errors are reported in parenthe-
ses. All controls are included but not reported. State and year of
marriage marriage fixed effects are included. Each row represents a
separate regression with the dependent variable as given.
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