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Abstract

Natural disasters worldwide have increased considerably as a consequence of climate
change, and empirical evidence has found that individuals decrease their levels of
consumption when facing a natural disaster. While countries can rely on loans and
aid from international community when facing a natural disaster, one alternative
is to use disaster funds and catastrophe bonds. Mexico was the first developing
country to use disaster funds and catastrophe bonds through the Fund for Natural
Disasters (FONDEN). The FONDEN provides food to households and resources
for the reconstruction of infrastructure. De Janvry, Del Valle, and Sadoulet (2016)
find evidence that this program increases local economic activity between 2 and
4 percent in the year following the disaster. Yet, can FONDEN smooth the con-
sumption of the families affected? To answer this question, we analyze data for
Hurricane Earl in Puebla, Mexico, where FONDEN resources were implemented.
Using a difference-in-difference strategy, we find a decrease in consumption, includ-
ing beans, which is an essential staple good for Mexican families. It is possible that
the consumption of families would have been more affected without the FONDEN;
yet, the resources of FONDEN were not enough to smooth families’ consumption.
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1 Introduction

Natural disasters worldwide have increased considerably since the 1970s, affecting

on average over 200 million people every year (Leaning and Guha-Sapir, 2013). Natural

disasters may greatly reduce children’s human capital accumulation by affecting prices,

assets, and the consumption of families. Yet, the impact of natural disasters on consump-

tion is widely debated. While economic theory predicts that individuals can maintain

their levels of consumption against income shocks,1 there is evidence that this is not

always the case when facing a natural disaster (Kazianga and Udry, 2006).

What kind of public policies can be implemented to protect families’ consumption

from a natural disaster? One possibility is through the use of insurance. In particular,

governments can use disaster funds, i.e. save resources ex-ante for post-disaster use (De

Janvry, Del Valle and Sadoulet, 2016) or use catastrophe (CAT) bonds to insure against

the consequences of a natural disaster (Borensztein, Cavallo, and Jeanne, 2017). To the

best of our knowledge, Mexico was the first developing country to use disaster funds

and catastrophe bonds through the Fund for Natural Disasters (FONDEN). FONDEN

resources are used to provide immediately supplies of food, medicines, cleaning supplies

and toiletries to the households affected, and also provides resources for the reconstruc-

tion of housing and public infrastructure affected. De Janvry, et al. (2016) find evidence

that FONDEN increases local economic activity between 2 and 4 percent in the year

following the disaster. Thus, this program can be an important factor mitigating the

1Under the assumptions that insurance and/or credit markets function well.

2



effects of natural disasters in the medium term.

But, can FONDEN smooth the consumption of families affected by a natural disaster

in the short term? To answer this question, we exploit the occurrence of Hurricane Earl,

which had a large impact on the state of Puebla, Mexico, in 2016. This disaster hap-

pened unexpectedly in areas that do not usually experience hurricanes. Survey data were

collected from municipalities within the state of Puebla that are comparable in terms of

their ranking in the Human Development Index.2 Huachinango and Tlaola are treatment

municipalities (affected by the hurricane and received resources through the FONDEN)

while Palmar de Bravo and Juan C. Bonilla are the comparison municipalities. We use

a difference-in-differences estimation procedure to test the hypothesis that the use of

FONDEN can protect families’ consumption when they are affected by a hurricane. We

find that the quantity consumed of key food items diminishes. In particular, of the 12

items analyzed, we observe a decrease in the consumption of beans, lemons, sugar, beef,

and chicken.

A large body of literature has analyzed the effects of negative income shocks on

households’ behavior. This literature was initially motivated by the neoclassical life cycle

model, also known as the permanent income hypothesis, which suggests that individuals

tend to smooth their consumption over their lifetime by saving when they have income

surpluses and dis-saving during hard times (Modigliani and Brumberg, 1954). However,

2The Human Development Index is a composite statistic of life expectancy, education, and percapita
income, which is used to rank countries regarding human development.
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the literature has also found that precautionary saving is very rare, particularly for uned-

ucated households and individuals in the lower tail of the income distribution (Bernheim

and Scholz, 1993; Browning and Lusardi, 1996). After natural disasters occur, house-

holds react in different ways to smooth their consumption and recover from the loss. For

example, families can choose to sell assets in order to smooth their consumption, or they

may reduce their present consumption in order to keep their assets. Hoddinott (2006)

finds evidence that poorer households tend to smooth their assets rather than smooth

their consumption. Consistent with this, Fafchamps, Udry, and Czkas (1998) find that

households in West Africa do not sell assets after a severe drought. Their hypothesis is

that households choose to protect their productive investment because the low market

price prevailing at the time of the sale would not compensate for the loss.

This paper contributes to the recent literature on the use of disasters funds, providing

evidence that a natural disaster fund (FONDEN) is not always sufficient to protect fami-

lies’ consumption (at least in the short run). In addition, the results provide no evidence

that the hurricane affected families differently depending on their wealth. These results

imply the need to review the way in which FONDEN is operating:

i. It is necessary to analyze whether the quantity and periodicity with which food is

distributed is the most appropriate. According to the Mexican government, about 2,196

families were affected by Hurricane Earl. The government reported that food baskets

were distributed as follows: 1,200 in August 7th; 1,200 in August 11th; and 2,196 in
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August 26th. This reflects that not all the affected families were served and that the

periodicity of delivery of food was not regular.

iii. It is important to establish mechanisms of accountability and transparency. The

survey includes a question regarding whether families received help from natural disas-

ters. Of the 327 families surveyed (14% of the total families affected), only 6 families

reported receiving government support as a consequence of the natural disaster. Some

possible explanations are: a) the families are underreporting the aid received from the

government in order to continue receiving benefits; b) the families surveyed are part of

the group that did not receive help from the government; or c) it is possible that these

families did not receive support from the government. In order to know how the support

is granted, it is necessary that FONDEN report a list of the families served. This will

generate transparency and avoid possible situations of corruption in the delivery of food

to the affected families.

The remainder of this paper proceeds as follows. First, we describe the geographi-

cal location and impact of Hurricane Earl on Puebla and we explain in more detail the

FONDEN program. We then describe the data, present descriptive statistics, and explain

the identification strategy. Finally, we describe the results and give some insights about

their policy implications.
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2 Background

Mexico is among the 30 countries that are most exposed to two types of natural

disasters: hurricanes and earthquakes. The population that is most vulnerable to these

natural disasters represents around 27% of the country (INEGI, 2013). A natural disaster

can greatly reduce human capital accumulation and, as a consequence, decrease the pos-

sibility of social mobility. Its first effect is through income, which clearly has the potential

to affect consumption and education. While economic theory predicts that individuals

can maintain their levels of consumption against temporary income shocks, there is ev-

idence that this is not always the case (Kazianga and Udry, 2006). On the other hand,

other studies have found that natural disasters affect students’ school attendance (Jensen

2000, Cameron and Worswick 2001). One consensus from these studies is that families

who are affected most are less likely to have insurance coverage (formal or informal), and

are relatively poor.

2.1 The Fund for Natural Disasters (FONDEN)

In response to the vulnerability of Mexico to natural disasters, the Mexican Gov-

ernment established the Fondo de Prevención de Desastres Naturales (Fund for Natural

Disasters Prevention, FOPREDEN) and the Fondo de Desastres Naturales (Fund for Nat-

ural Disasters, FONDEN). FOPREDEN is a program intended to generate actions for

the prevention and reduction of risks due to natural disasters. FONDEN is a financial in-
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strument by which the Mexican government allocates resources ex-ante for post-disaster

immediate attention to the population affected and for reconstruction of the damaged

infrastructure. FONDEN is composed of two main instruments: the Emergency Relief

Fund and the Reconstruction Program. The former serves the population immediately

by supplying food, medicines, cleaning supplies and toiletries, and the latter provides

resources for the reconstruction of affected housing and public infrastructure. For the fis-

cal year 2016, FOPREDEN received $358,718,014 pesos (US$19,928,778) and FONDEN

received $8,035,987,256 pesos (US$446,443,736). If this funding is insufficient, additional

resources can be transferred from other federal programs.

2.2 Hurricane Earl in Puebla

Hurricane Earl was the deadliest Atlantic Hurricane to hit Mexico since Hurricane

Stan in 2005. It started on August 2 and dissipated on August 6 of 2016. According

to media reports, 54 individuals died, of which 41 were from the state of Puebla. This

number exceeds the 33 deaths for Mexico as a whole reported for all 10 hurricanes that

occurred in 2014 and 2015. According to the Global Catastrophe Recap (2016), the dam-

age associated with Earl is estimated to be US$132 million.

Given the gravity of the hurricane, the Mexican government declared a state of emer-

gency in three municipalities of Puebla: Huachinango, Tlaola, and Xicotepec. According

to information provided by the Mexican government, 8,784 individuals were affected
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(around 2,000 families). The government distributed “despensas” (a food basket con-

taining sugar, rice, beans, oil, corn, coffee, cookies, tuna, sardines, among other supplies)

as follows: 1,200 in August 7th, 1,200 in August 11th, and 2,196 in August 26th. The

total cost spent on food was $1,603,382 pesos (US$ 89,076). Finally, according to the

media, the Mexican government received US$200,000 from the Inter-American Develop-

ment Bank to purchase food for the families affected.3

3 Data

To analyze the effects of Hurricane Earl, we use a unique dataset that was collected

in affected municipalities in Puebla after the disaster took place. The data are part of

Mexico’s Survey of Social Mobility in Disaster Zones (SSMDZ). The survey selects loca-

tions that were affected in the current year, but were not affected by a hurricane or other

natural disaster in the previous four years. In addition, the survey includes a comparison

group that was neither affected by the current natural disaster nor by any other natural

disaster in the last four years. The comparison group should be located close to the af-

fected area, and should have a Human Development Index that is similar to those of the

affected municipalities before the natural disaster took place. The SSMDZ data contain

information on two affected municipalities: Tlaola and Huauchinango. Data were also

3In addition, the government spent: $764,208 pesos (US$42,456) on 8,784 blankets, $2,304,851 pe-
sos (US$128,047) on 8,784 mats, $524,775 pesos (US$29,154) on 5,592 toiletries kits, $384,906 pesos
(US$21,383) on 2,196 sets of cleaning supplies, $552,960 (US$30,720) on 76,800 bottles of water, and
$8,836,211 pesos (US$490,900) on medicines.
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collected from two municipalities that are used as controls: Palmar de Bravo and Juan

C. Bonilla.4

Table 1 displays descriptive statistics regarding the number of members in the house-

hold and the possession of assets. As mentioned before, the treatment and comparison

groups were selected to ensure that the municipalities were as similar as possible in terms

of their location and the Human Development Index. However, the table displays base-

line differences between the treatment group and the comparison group. In particular,

Table 1 shows that, previous to the shock, households in the comparison group tend to

have more assets than households affected by the hurricane.

Regarding consumption and prices, the survey contains information about 12 items:

corn tortillas, beans, tomatoes, lemons, bananas, sugar, beef, chicken, eggs, milk, alco-

hol, and cigarettes. All individuals were asked the following question about consumption

before the hurricane: did your household consume (item) in (month)? If the individuals

answered yes, then they were asked information about the quantity consumed and the

price. Finally, similar questions were asked of the individuals regarding consumption and

prices after the hurricane. The hurricane affected the treatment group municipalities

from August 2 to August 6, 2016. The survey was implemented in September 2016, and

the respondents were also asked to recall information about prices and consumption from

the month of July 2016.

4Puebla was founded on December 21, 1823 and consists of a total of 217 municipalities.
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The response rates regarding consumption and prices before the hurricane Earl are

presented in first Column of Table 2. Regarding the question about consuming a partic-

ular product (“Did your household consume...?”), the percentage of households with no

response (i.e. did not answer the question) ranges from 1.8% for sugar to 2.7% for beans.

From those individuals who answered that they did consume such items, almost all the

individuals responded with the quantity that they consumed (see Column 4 in Table 2).5

Table 3 presents the rates of consumption of these goods before the hurricane, sepa-

rately for “treatment” and “control” municipalities, and we can observe important dif-

ferences in the patterns of consumption. For example, 75% of the households in the

treatment localities reported consuming corn tortillas, compared to 91% for the control

group. Another example is the consumption of alcohol, where 24% of the households in

the treatment group reported consuming alcohol, while the percentage is only 14% in the

control group. Table 4 presents the quantities6 consumed in the treatment and control

groups. Depending on the item, some goods are consumed more in the treatment group

5These high rates of response can be explained by important changes to the instrument used to
collect the information. For example, a similar survey collected information in the aftermath of the
Hurricane Odile, which affected the state of Baja California Sur. This hurricane affected that area
between September 10 and September 24, 2014. The survey was implemented during June of 2015,
and the people surveyed were asked to recall information regarding the month of August 2014. Of the
people who answered positively consumption, almost half of them were not able to respond the quantity
consumed. So, it is clear that the time period for which the people were asked to recall information
matters. Another potential explanation could be the length of the questionnaire. In the case of the
survey collected for Hurricane Earl, it was decided to shorten the questionnaire. For example, when the
individuals surveyed answer the consumption module, they have were asked 153 questions in the case of
the Hurricane Odile, but only 82 questions in the case of the Hurricane Earl.

6Unconditional on positive consumption.
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while others are consumed more in the control group. For example, the control group

consumes an average of 6.98 kg of corn tortilla per week per household vs 4.32 kg in the

treatment group; however, for sugar, the control group consumes 1.92 kg vs 2.57 kg in

the treatment group. Finally, Table 5 presents information regarding prices. In general,

the families in the treatment group report higher prices than those in the control group;

yet, there are some exceptions, such as alcohol or cigarettes.

4 Empirical Strategy

The objective of this paper is to examine whether the FONDEN resources are suffi-

cient to smooth the consumption of the families affected by the Hurricane Earl in Puebla,

Mexico. Ideally, we would like to calculate the effects of the FONDEN on consumption

by comparing the actual outcome with the outcome in the absence of the shock. Because

this is impossible, we have to rely on the construction of a proper counterfactual. Since

Hurricane Earl’s trajectory was exogenous, households spared by the storm constitute a

natural control group. Hence, the approach is to compare the changes in the outcome of

interest in the localities directly hit by Hurricane Earl and where the FONDEN resources

were used to the changes that occurred in the control group localities.

We use a difference-in-differences (DID) approach to examine the effect on household

consumption, assets, and prices:
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Yit = β0 + β1Aftert + β2Hurricanei + β3 (Aftert ∗Hurricanei) +Xiθi + eit

where Yit is the outcome of interest for household i at time t. We look at various

types of outcomes such as consumption and prices of a basket of goods that is rele-

vant for the Mexican context; Aftert takes the value of 1 in the period after the shock;

Hurricanei takes the value of 1 in the municipalities affected by the natural disaster and

zero otherwise; Xi is a set of control variables. Notice that the coefficient of interest is β3.

It estimates the combined effect that the hurricane and the implementation of FONDEN

have in the treated municipalities compared to the control group. More specifically, with-

out FONDEN we expect β3 < 0, but we want to see whether, with FONDEN, β3 = 0.

To identify the causal effect, the above difference-in-differences (DID) estimator must

satisfies the following:

1. The additive structure imposed is correct.

2. cov(eit, Aftert ∗Hurricanei) = 0.

The last assumption is known as the parallel-trend assumption, and it means that

the outcome variables of the treatment and comparison groups followed the same trend

over time before the hurricane took place. In other words, the unobserved characteris-

tics that create a gap between measured treatment and control outcomes are assumed

to be time invariant. Given that we only have two data points, we cannot test this hy-

pothesis. However, these municipalities are located close to each other and they are all
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located in the State of Puebla. Therefore, we think that it is likely that in absence of

the hurricane, the outcomes of interest for the four municipalities followed a similar trend.

Although a natural disaster is unexpected and non-manipulable by construction, the

initial conditions of the families are likely to influence the subsequent consumption path.

For example, it is possible that wealthy families recover faster from the hurricane using

their savings or other assets to smooth their consumption. For this reason, we include

an additional robustness check using a Kernel propensity matching technique combined

with a DID. We use the predicted probability of being affected by the hurricane (the

propensity score) to match the control municipalities. The propensity score is estimated

using a probit model where the initial conditions are the assets holding of the families in

the period before the hurricane. The average impact can be written as:

DDi = (Y T
i2 − Y i1T )−

∑
j∈C w(i, j)(Y C

j2 − Y C
j1 )

where w(i,j) is the weight using a Kernel matching in which all non-participants are

used as comparison communes and weights are assigned according to a kernel function of

the predicted propensity score.

Another potential source of endogeneity bias could be characteristics of the munici-

palities that might affect consumption outcomes. For example, economic opportunities

might result in different consumption outcomes across the municipalities, even in the

absence of the hurricane. Thus, as a robustness check, we will conduct a fixed effects

13



regression at the municipality level.

5 Results

We analyze the effects on quantities consumed and prices of the following goods:

corn tortillas, beans, tomatoes, lemons, bananas, sugar, beef, chicken, eggs, milk, alco-

hol, and cigarettes. Table 6, Column 3, presents estimates of the impact on consumption

decisions (a dummy variable for the question “Did your household consume...?”). The

estimates show that the hurricane affected negatively, and statistically significantly, the

consumption of beans (-0.14), lemons (-0.06), sugar (-0.04), beef (-0.02) and chicken

(-0.02). Column 5 presents the results regarding the quantities consumed, where signifi-

cantly negative impacts are found only for beans (-.288). Regarding prices, they decrease

for all the items analyzed except cigarettes, and these decreases are statistically significant

for all items except sugar and milk (Column 7). In particular, a statistically significant

decrease is observed in the prices of the following items: tortillas (-0.94 or 9.5%), beans

(-1.91 or 7.3%), tomatoes (-3.52 or 26.3%), lemons (-1.68 or 14.5%), bananas (-1.33 or

13.8%), beef (-4.86 or 8.8%), chicken (-4.34 or 9.9%), and eggs (-1.09 or 5.8%).7

As a robustness check, we use a kernel propensity matching to identify a sample of

7Finally a joint test was conducted for consumption, quantities consumed, and prices. We reject
the null hypothesis that the effect of the hurricane on consumption and quantities consumed is not
statistically significant at the 5 and 10 percent level, respectively. For prices, we reject the null hypothesis
of no effect of the hurricane at the 5 percent level.
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households in the comparison group that had asset holdings similar to those of the house-

holds in the treatment group before the hurricane took place. Table A1 (Appendix) show

the balancing test before and after the matching. There are many significant differences

in asset holdings for the unmatched sample. This is also in line with the descriptive

statistics provided in Table 1, which pointed out some differences between households in

the treatment and the comparison groups. After the matching is implemented, most of

the differences between the matched sample of the treatment and control groups are no

longer significant. And even for those variables for which there are still differences such

as DVD, water heater, cellphone, and piped water, there is a large reduction in the gap

after the matching.

The results of the DID using the matched sample are displayed in Table 7. As com-

pared to the basic specification in Table 6, the effects on consumption of beans, lemon,

sugar, beef, and chicken remain significant and are even slightly larger. On quantities

consumed, there is still a negative effect of the hurricane on the quantity consumed of

beans, and we also find a negative and significant effect on the quantity of lemons. Finally,

the effect of the hurricane on prices remains negative for most of the products except for

sugar and milk, neither of which were significant in the basic specification. Thus, we find

the same results even after implementing the propensity score matching.8

8A joint test was conducted for consumption, quantities consumed, and prices. We reject the null
hypothesis that the effect of the hurricane on consumption and quantities consumed is not statistically
significant at the 5 and 10 percent level, respectively. For prices, we reject the null hypothesis of no
effect of the hurricane at the 5 percent level.
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To confirm the results presented above regarding consumption and prices, we decided

to use municipality fixed effects. The idea is to capture characteristics of the municipal-

ities that might affect our variables of interest even in the absence of the Hurricane and

the resources of FONDEN, such as the population of the villages, economic development,

and institutional efforts to prevent natural disasters. Table 8 reproduces Table 6 using

municipality fixed effects. We do not observe substantial changes with respect the results

presented in Tables 6 and 7.9

It is possible that the changes in consumption reflect only substitution effects, so that

it is possible that aggregate household consumption was not affected. To analyze this

possibility, the consumption of the twelve items was aggregated, i.e. we generate a new

variable, which adds the dummy variables regarding consumption, and which maximum

value is twelve. The result is presented in Table 9, Column 1, and we still observe a

decrease in consumption that is statistically significant (-0.302). Column 2 presents the

aggregate consumption results that exclude alcohol and cigarettes. The results continue

to be statistically significant, and a slight increase is observed (-0.314). Finally, col-

umn 3 presents the result when we add the quantities consumed excluding alcohol and

cigarettes.10 it is observed a decrease in the quantity consumed that is statistically sig-

nificant (-0.581)

9A joint test was conducted for consumption, quantities consumed, and prices. We reject the null
hypothesis that the effect of the hurricane on consumption and quantities consumed is not statistically
significant at the 5 and 10 percent level, respectively. For prices, we reject the null hypothesis of no
effect of the hurricane at the 5 percent level.

10For the case of milk, it is assumed that 1kg= 1 liter.

16



There is evidence that natural disasters can affect families differently depending on

their levels of wealth (Carter and Lybbert, 2012). In order to verify this hypothesis, using

the information regarding the sixteen assets captured in the survey, we generate an index

of wealth using principal component analysis. This index goes from -3.16 (less assets) to

6.68 (more assets). Then we estimate the following model using difference-in-differences

estimation:

Yit = β0 + β1Aftert + β2Hurricanei + β3Wealth0i + β4AftertHurricanei +

β5AftertWealth0i + β6HurricaneiWealth0i + β7AftertHurricaneiWealth0i +Xiθi + eit

where Y is the variable of interest (consumption); After is a dummy variable that takes

the value of 1 after the shock; Hurricanei is a dummy variable that takes the value of

1 for the affected areas, and zero otherwise; Wealth0i is a variable that measures the

wealth of the families before the hurricane; and X is a group of control variables. In this

specification our coefficient of interest is β7.

Table 10 presents results regarding the probability of consuming and the quantity con-

sumed when the wealth of the families previous to the hurricane is taken into account.

Column 3 presents the results when the consumption is analyzed. For the twelve items

analyzed, we observe a statistically significant effect (0.029) only for the consumption of

beef. Given that the sign of the effect is positive, it implies that households with low

levels of assets were more affected. The results regarding the quantities consumed are
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presented in Column 5. In this case, the only coefficient that is statistically significant at

the 10% level is associated with the consumption of chicken: -0.048. The negative sign

of the effect implies that households with high level of assets were most affected. Finally,

we conducted a joint test, and we were not able to reject the null hypothesis of no effect

of different levels of wealth on consumption and quantities consumed. Thus, it appears

that the original level of wealth did not affect the decrease observed in the households

consumption, i.e. we do not find evidence of heterogeneity.

Although families received support from FONDEN and there was a drop in prices,

these factors were not enough to smooth the consumption of households affected by the

hurricane. In addition, we do not find evidence that the hurricane affected families differ-

ently depending on their wealth. Regarding the decrease observed in prices, it is possible

a consequence of an important decrease in income that affected the demand for food. Yet,

other potential hypotheses are plausible, such as, that markets are not well integrated or

the families sold at a lower price the items included in the “despensa” (for example, it

could be the case of products that families do not like), causing a drop in prices.
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6 Conclusion

This paper analyzes the ability of a disaster fund program (FONDEN) to smooth

the consumption of families affected by Hurricane Earl in Puebla, Mexico. In particular,

the analysis examines quantities consumed and prices for the following goods: corn tor-

tillas, beans, tomatoes, lemons, bananas, sugar, beef, chicken, eggs, milk, alcohol, and

cigarettes. The results show a decrease in the consumption of five of the twelve goods

analyzed, including beans, which is an essential staple good for Mexican families. In

addition, estimates of the effect on prices are negative, but this decrease in prices was

not enough to maintain the consumption of the families.

The Fund for Natural Disasters (FONDEN) program provides food to families affected

and supports the reconstruction of the infrastructure in the affected areas. In addition,

the Mexican Government received US$200,000 from the Inter-American Development

Bank to purchase food for the affected families. Yet, our results indicate that this aid

was not enough to protect the consumption of families who were affected. De Janvry, et

al. (2016) find evidence that this program (FONDEN) increases local economic activity

between 2 and 4 percent in the year following the disaster. Thus, this program can be an

important factor mitigating the effects of natural disaster in the medium term. Yet, it

is necessary that the program review whether the quantity, quality, and periodicity with

which food is distributed are the most appropriate. Improving these factors potentially

can help to smooth the consumption of families affected in the short term.
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8 Tables

Table 1: Descriptive Statistics Assets: Puebla

Variables Treatment Control Difference

Number of members of the HH 4.67 4.09 0.58∗∗∗

Computer 0.02 0.28 −0.26∗∗∗

Stove 0.44 0.95 −0.51∗∗∗

Washing machine 0.04 0.54 −0.50∗∗∗

Refrigerator 0.26 0.74 −0.48∗∗∗

DVD 0.23 0.40 −0.17∗∗∗

TV 0.55 0.89 −0.34∗∗∗

Water heater 0.16 0.44 −0.28∗∗∗

Cellphone 0.30 0.66 −0.36∗∗∗

Microwave 0.02 0.20 −0.18∗∗∗

Toaster 0.00 0.12 −0.12∗∗∗

Internet 0.01 0.25 −0.24∗∗∗

Piped water 0.85 0.56 0.29∗∗∗

Toilet inside hh 0.71 0.86 −0.15∗∗∗

Electricity 0.98 0.99 −0.01
Landline 0.21 0.32 −0.11∗∗∗

Cable TV 0.17 0.22 −0.05∗

Car 0.05 0.28 −0.23∗∗∗

Number of observations 328 334

Note: Tlaola and Huauchinango are treatment municipalities while Palmar de Bravo and Juan C.
Bonilla form the comparison group. Clustered standard errors at the street level.

Source: Survey of Social Mobility in Disaster Zones.

*** p<0.01, ** p<0.05, * p<0.1
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Table 2: Percentage of Pre-Hurricane Responses Regarding Consumption (Puebla)

Did your household consume...? How much...?
No answer No Yes Answer

(%) (%) (%) (%)

Corn tortilla 1.9 8.5 89.5 100.0
Bean 2.7 10.9 86.3 100.0
Tomato 1.8 1.6 96.5 100.0
Lemon 2.5 23.3 74.1 99.6
Banana 2.3 19.0 78.7 100.0
Sugar 1.8 3.4 94.8 99.7
Beef 2.1 24.4 73.5 99.6
Chicken 1.9 7.9 90.1 99.8
Eggs 2.1 10.9 86.9 99.7
Milk 2.3 28.4 69.3 99.8
Alcohol 1.9 90.9 7.2 93.8
Cigarettes 1.9 95.4 2.7 100.0
Note: Data combined for treatment and control group.

*** p <0.01, ** p <0.05, *p <0.1

Table 3: Descriptive Statistics Consumption: Puebla (Pre-Hurricane)

Variables Treatment Control Difference

Corn tortilla 0.75 0.91 −0.16∗∗∗

Bean 0.89 0.88 0.01
Tomato 0.99 0.98 −0.01
Lemon 0.63 0.75 −0.12∗∗∗

Banana 0.90 0.80 0.10∗∗∗

Sugar 0.99 0.96 0.03∗∗

Beef 0.96 0.75 0.21∗∗∗

Chicken 0.96 0.91 0.04∗∗∗

Eggs 0.92 0.88 0.04∗∗

Milk 0.70 0.69 0.01
Alcohol 0.24 0.14 0.10∗∗∗

Cigarettes 0.01 0.03 0.02∗∗

Note: Tlaola and Huauchinango are treatment municipalities while Palmar de Bravo and Juan C.
Bonilla form the comparison group. Clustered standard errors at the street level.

Source: Survey of Social Mobility in Disaster Zones

*** p<0.01, ** p<0.05, * p<0.1
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Table 4: Descriptive Statistics Quantities Consumed per Household: Puebla (Pre-
Hurricane)

Variables Treatment Control Difference

Corn tortilla 4.32 6.98 −2.66∗∗∗

Bean 1.40 1.83 −0.43∗∗∗

Tomato 1.87 2.84 −0.97∗∗∗

Lemon 0.71 1.29 −0.58∗∗∗

Banana 2.02 1.75 0.27∗∗

Sugar 2.57 1.92 0.65∗∗∗

Beef 1.09 1.09 0.00
Chicken 1.20 1.59 −0.39∗∗∗

Eggs 1.16 1.41 −0.25∗∗

Milk 1.54 3.76 −2.21∗∗∗

Alcohol 0.16 0.08 0.08∗∗∗

Cigarettes 0.01 0.06 −0.05∗∗

Note: Tlaola and Huauchinango are treatment municipalities while Palmar de Bravo and Juan C.
Bonilla form the comparison group. Clustered standard errors at the street level.

Source: Survey of Social Mobility in Disaster Zones

*** p<0.01, ** p<0.05, * p<0.1

Table 5: Descriptive Statistics Prices: Puebla (Pre-Hurricane)

Variables Treatment Control Difference

Corn tortilla 9.89 8.99 0.90∗∗∗

Bean 25.91 19.37 6.54∗∗∗

Tomato 13.32 10.71 2.61∗∗∗

Lemon 11.47 9.10 2.37∗∗∗

Banana 9.59 8.31 1.27∗∗∗

Sugar 19.04 14.08 4.95∗∗

Beef 54.74 66.87 −12.13∗∗∗

Chicken 43.70 43.10 0.59
Eggs 18.92 20.78 −1.85∗∗

Milk 13.08 11.00 2.08∗∗∗

Alcohol 9.06 15.83 −6.77∗∗∗

Cigarettes 31.50 44.63 −13.13∗

Note: Chicahuaxtla (Tlaola) and Xaltepec (Huauchinango) are treatment municipalities while
Palmar de Bravo and Juan C. Bonilla form the comparison group. Clustered standard errors at
the street level.

Source: Survey of Social Mobility in Disaster Zones.

*** p<0.01, ** p<0.05, * p<0.1
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Table 6: Difference-in-Difference Estimates of the Impact of the Hurricane on Food Con-
sumption and Prices

Consumption Quantity Price
Variables Mean Estimate Mean Quantity Mean Price

Tortillas 0.739 −0.003 4.752 −0.030 9.908 −0.944∗∗∗

0.439 (0.005) 5.323 (0.068) 0.871 (0.104)

Beans 0.902 −0.140∗∗∗ 1.514 −0.288∗∗∗ 25.927 −1.911∗∗∗

0.298 (0.023) 2.129 (0.099) 9.041 (0.523)

Tomatoes 0.995 −0.003 2.098 −0.009 13.374 −3.520∗∗∗

0.068 (0.005) 1.771 (0.041) 4.388 (0.435)

Lemon 0.650 −0.056∗∗∗ 0.770 −0.068 11.574 −1.689∗∗∗

0.477 (0.018) 1.006 (0.044) 6.367 (0.432)

Plantain 0.917 −0.020 2.096 −0.075 9.572 −1.336∗∗∗

0.275 (0.013) 1.310 (0.056) 3.496 (0.330)

Sugar 0.996 −0.040∗∗ 2.776 −0.183 18.959 −0.533
0.063 (0.017) 2.564 (0.130) 8.075 (0.404)

Alcohol 0.240 0.011 0.164 −0.009 9.247 −12.739∗

0.427 (0.030) 0.384 (0.028) 7.496 (6.748)

Cigarretts 0.005 0.006 0.005 0.006 31.500 15.636∗∗

0.072 (0.008) 0.072 (0.031) 6.949 (5.661)

Beef 0.974 −0.023∗∗ 1.141 0.023 55.195 −4.867∗∗∗

0.160 (0.012) 0.568 (0.032) 11.519 (0.901)

Chicken 0.974 −0.018∗∗ 1.254 0.025 43.832 −4.340∗∗∗

0.158 (0.009) 0.646 (0.031) 6.734 (0.606)

Eggs 0.951 −0.003 1.276 −0.025 18.917 −1.098∗∗∗

0.216 (0.017) 1.023 (0.034) 5.362 (0.339)

Milk 0.707 −0.001 1.664 −0.028 13.262 −0.173
0.455 (0.013) 1.901 (0.069) 6.703 (0.198)

Note: Clustered standard errors displayed in parenthesis at the street level. The table displays for each
outcome the mean outcome for the treatment group before the hurricane, and the interaction term between
the treatment and the after dummy. The sample size for consumption ranges from 1,291 for milk to 1,307
for tortillas. In the case of the quantities, it ranges from 1,287 for alcohol to 1,308 for tomatoes. Finally, in
the case of prices, it ranges from 889 for lemons to 1,306 for beef, with the exceptions of alcohol (164) and
cigarettes (22).

*** p<0.01, ** p<0.05, * p<0.1
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Table 7: Matching Difference-in-Difference Estimates of the Impact of the Hurricane on
Food Consumption and Prices

Consumption Quantity Price
Variables Mean Estimate Mean Quantity Mean Price

Tortillas 0.739 −0.008 4.752 −0.067 9.908 −0.852∗∗∗

0.439 (0.009) 5.323 (0.092) 0.871 (0.106)

Beans 0.902 −0.153∗∗∗ 1.514 −0.298∗∗ 25.927 −1.355∗∗

0.298 (0.027) 2.129 (0.124) 9.041 (0.562)

Tomatoes 0.995 −0.002 2.098 −0.016 13.374 −3.139∗∗∗

0.068 (0.007) 1.771 (0.043) 4.388 (0.541)

Lemon 0.650 −0.058∗∗∗ 0.770 −0.094∗∗ 11.574 −0.932∗∗

0.477 (0.015) 1.006 (0.039) 6.367 (0.446)

Plantain 0.917 −0.025 2.096 −0.063 9.572 −1.016∗∗∗

0.275 (0.015) 1.310 (0.051) 3.496 (0.376)

Sugar 0.996 −0.044∗∗∗ 2.776 −0.219 18.959 −0.022
0.063 (0.016) 2.564 (0.144) 8.075 (0.487)

Alcohol 0.240 −0.005 0.164 −0.004 9.247 −10.081∗

0.427 (0.031) 0.384 (0.028) 7.496 (5.266)

Cigarretts 0.005 0.010 0.005 0.015 31.500 20.836∗∗∗

0.072 (0.009) 0.072 (0.012) 6.949 (6.495)

Beef 0.974 −0.032∗∗ 1.141 0.004 55.195 −4.311∗∗∗

0.160 (0.015) 0.568 (0.031) 11.519 (1.270)

Chicken 0.974 −0.023∗∗ 1.254 0.016 43.832 −4.169∗∗∗

0.158 (0.011) 0.646 (0.034) 6.734 (0.740)

Eggs 0.951 −0.008 1.276 −0.010 18.917 −1.596∗∗∗

0.216 (0.014) 1.023 (0.037) 5.362 (0.496)

Milk 0.707 −0.009 1.664 −0.039 13.262 0.006
0.455 (0.013) 1.901 (0.085) 6.703 (0.284)

Note: Clustered standard errors displayed in parenthesis. The table displays for each outcome the mean
outcome for the treatment group before the hurricane, and the interaction term between the treatment and
the after dummy. The difference-in-differences estimator include fixed effects at the street level. The sample
size for consumption ranges from 1,291 for milk to 1,307 for tortillas. In the case of the quantities, it ranges
from 1,287 for alcohol to 1,308 for tomatoes. Finally, in the case of prices, it ranges from 889 for lemons to
1,306 for beef, with the exceptions of alcohol (164) and cigarettes (22).

*** p<0.01, ** p<0.05, * p<0.1
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Table 8: Municipality Fixed Effect Estimates of the Impact of the Hurricane on Food
Consumption and Prices

Consumption Quantity Price
Variables Mean Estimate Mean Quantity Mean Price

Tortillas 0.739 −0.003 4.752 −0.032 9.908 −0.944∗∗∗

0.439 (0.005) 5.323 (0.068) 0.871 (0.105)

Beans 0.902 −0.140∗∗∗ 1.514 −0.293∗∗∗ 25.927 −2.080∗∗∗

0.298 (0.023) 2.129 (0.099) 9.041 (0.496)

Tomatoes 0.995 −0.003 2.098 −0.009 13.374 −3.531∗∗∗

0.068 (0.005) 1.771 (0.041) 4.388 (0.436)

Lemon 0.650 −0.057∗∗∗ 0.770 −0.068 11.574 −1.742∗∗∗

0.477 (0.018) 1.006 (0.045) 6.367 (0.434)

Plantain 0.917 −0.020 2.096 −0.073 9.572 −1.331∗∗∗

0.275 (0.013) 1.310 (0.056) 3.496 (0.329)

Sugar 0.996 −0.040∗∗ 2.776 −0.185 18.959 −0.483
0.063 (0.017) 2.564 (0.131) 8.075 (0.401)

Alcohol 0.240 0.011 0.164 −0.009 9.247 −12.264∗

0.427 (0.031) 0.384 (0.028) 7.496 (6.674)

Cigarretts 0.005 0.006 0.005 0.006 31.500 15.804∗∗

0.072 (0.008) 0.072 (0.031) 6.949 (5.871)

Beef 0.974 −0.024∗∗ 1.141 0.022 55.195 −4.837∗∗∗

0.160 (0.012) 0.568 (0.032) 11.519 (0.898)

Chicken 0.974 −0.018∗∗ 1.254 0.025 43.832 −4.336∗∗∗

0.158 (0.009) 0.646 (0.031) 6.734 (0.603)

Eggs 0.951 −0.002 1.276 −0.024 18.917 −1.096∗∗∗

0.216 (0.017) 1.023 (0.034) 5.362 (0.339)

Milk 0.707 −0.003 1.664 −0.030 13.262 −0.170
0.455 (0.013) 1.901 (0.071) 6.703 (0.196)

Note: Clustered standard errors displayed in parenthesis at the street level. The table displays for each
outcome the mean outcome for the treatment group before the hurricane, and the interaction term between
the treatment and the after dummy. The estimator include fixed effects at the municipality level. The sample
size for consumption ranges from 1,291 for milk to 1,307 for tortillas. In the case of the quantities, it ranges
from 1,287 for alcohol to 1,308 for tomatoes. Finally, in the case of prices, it ranges from 889 for lemons to
1,306 for beef, with the exceptions of alcohol (164) and cigarettes (22).

*** p<0.01, ** p<0.05, * p<0.1
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Table 9: Difference-in-Difference Estimates on Aggregated Consumption

(1) (2) (3)
Variables Total Consumption w/o Quantity w/o

Consumption Alcohol and Cigarettes Alcohol and Cigarettes

After -0.153*** -0.021 -0.164
(0.044) (0.034) (0.138)

Treatment 0.705* 0.562 -6.275***
(0.401) (0.363) (0.996)

After*Treatment -0.302*** -0.314*** -0.581**
(0.071) (0.063) (0.264)

Constant 9.576*** 9.510*** 24.049***
(0.022) (0.017) (0.780)

Observations 1,324 1,324 1,324
R-squared 0.184 0.187 0.075

Note: Clustered standard errors displayed in parenthesis at the street
level. For the case of milk, it is assumed that 1kg= 1 liter.
*** p<0.01, ** p<0.05, * p<0.1
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Table 10: Heterogenous Estimates on Food Consumption

Consumption Quantity
Variables Mean Estimate Mean Quantity
Tortillas 0.748 0.032 4.322 0.013

0.435 (0.021) 4.980 (0.181)

Beans 0.899 0.014 1.401 0.033
0.302 (0.025) 2.024 (0.056)

Tomatoes 0.994 0.003 1.873 −0.053
0.078 (0.004) 1.524 (0.047)

Lemon 0.635 −0.034 0.710 0.036
0.482 (0.021) 0.908 (0.037)

Plantain 0.908 0.019 2.029 −0.056
0.290 (0.013) 1.317 (0.050)

Sugar 0.994 0.016 2.571 0.065
0.078 (0.014) 2.365 (0.046)

Alcohol 0.240 −0.010 0.162 −0.029
0.428 (0.018) 0.381 (0.025)

Cigarrettes 0.006 −0.006 0.006 −0.026
0.078 (0.004) 0.078 (0.021)

Beef 0.966 0.029∗∗ 1.097 −0.002
0.181 (0.012) 0.577 (0.047)

Chicken 0.966 0.005 1.200 −0.048∗

0.181 (0.009) 0.640 (0.029)

Eggs 0.929 0.009 1.164 −0.035
0.256 (0.013) 0.908 (0.028)

Milk 0.693 −0.003 1.548 −0.072
0.462 (0.019) 1.792 (0.079)

Note: Clustered standard errors displayed in parenthesis at the street
level. The table displays for each outcome the mean outcome for the
treatment group before the hurricane, and the interaction term between
the treatment, the after dummy, and index of wealth. The sample size for
consumption ranges from 1,291 for milk to 1,307 for tortillas. In the case
of the quantities, it ranges from 1,287 for alcohol to 1,308 for tomatoes.

*** p<0.01, ** p<0.05, * p<0.1
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9 Appendix

Table A1: Balancing Test Before and After the Matching

Covariates Treatment Control p > |t|

Computer Unmatched 0.018 0.281 0.000
Matched 0.018 0.019 0.933

Stove Unmatched 0.443 0.949 0.000
Matched 0.442 0.391 0.193

Washing machine Unmatched 0.043 0.536 0.000
Matched 0.043 0.050 0.655

Refrigerator Unmatched 0.257 0.740 0.000
Matched 0.258 0.241 0.631

DVD Unmatched 0.232 0.401 0.000
Matched 0.233 0.137 0.002

TV Unmatched 0.554 0.892 0.000
Matched 0.555 0.605 0.202

Water heater Unmatched 0.162 0.443 0.000
Matched 0.163 0.257 0.003

Cellphone Unmatched 0.303 0.665 0.000
Matched 0.304 0.232 0.037

Microwave Unmatched 0.024 0.201 0.000
Matched 0.025 0.019 0.656

Toaster Unmatched 0.003 0.120 0.000
Matched 0.003 0.005 0.731

Internet Unmatched 0.009 0.251 0.000
Matched 0.009 0.007 0.749

Piped water Unmatched 0.847 0.563 0.000
Matched 0.847 0.797 0.097

Toilet inside hh Unmatched 0.713 0.862 0.000
Matched 0.712 0.809 0.004

Electricity Unmatched 0.982 0.988 0.503
Matched 0.982 0.979 0.803

Landline Unmatched 0.208 0.320 0.001
Matched 0.209 0.141 0.023

Cable TV Unmatched 0.168 0.225 0.069
Matched 0.169 0.214 0.138
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