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Abstract
In this paper we employ commune-level data from Vietnam to study whether three types
of natural disasters have an impact on emigration figures. We thereby distinguish between
temporary and permanent emigration and also differentiate between the effects of recently
occurring disaster events and changes in medium-term disaster trends. We find that episodic
droughts and flood events tend to cause emigration from the affected communes. While
droughts primarily cause temporary migration, flood events tend to induce permanent moves
out of the affected regions. Whenever drought or flood events are perceived to have become
more severe over the last decade, we also find systematically higher emigration from the
affected communes. Episodic typhoons or worsening typhoon trends remain without any
significant effect in both the short- and the long-run.

Keywords Climate change · Natural hazards · Migration · Vietnam

Introduction

Global warming, i.e. the upward trend of the average surface temperature since the early
20th century, and most notably since the late 1970s, already has and will continue to change
the living conditions on planet Earth. While the average annual surface temperature fluctu-
ates only slightly around an upward trend, there is a much stronger effect on temperature
variability and temperature extremes (Rummukainen 2012). Moreover, an increase in the
mean temperature has a direct impact on atmospheric moisture and results in an increase
of global precipitation and more severe precipitation extremes (Kharin et al. 2007; Westra
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et al. 2014).1 Global warming will most likely also increase the number and/or the severity
of other climate-related hazards such as droughts (Dai 2011), wildfires (Liu et al. 2009) and
floods (Hirabayashi et al. 2013). While the literature has yet not reached a consensus on
whether global warming contributes to a change in tropical storm frequency (Knutson et al.
2010; Thomas 2014), storm severity is expected to further increase (Bender et al. 2010;
Christensen et al. 2007).

Migration is possibly the most direct but also the most extreme adaptation strategy
to global warming (Reid 2014). The Intergovernmental Panel on Climate Change (IPCC)
expected already in 1990 that human migration will be the greatest single impact of cli-
mate change with millions of people displaced (Ionesco et al. 2017). Since the early 2000s
the literature on the effects of climate and climate-related hazards developed rapidly but
failed to deliver a clear picture (Berlemann and Steinhardt 2017). Various studies found lit-
tle or no empirical evidence for international climate or disaster migration (e.g. Beine and
Parsons (2015), Ruyssen and Rayp (2014), and Gröschl and Steinwachs (2017)) whereas
others come to the opposite result (e.g. Beine and Parsons (2017), Coniglio and Pesce
(2015), Backhaus et al. (2015), and Cattaneo and Peri (2016). Similarly, the evidence for
internal migration in consequence of climate change and climate-induced hazards is mixed.
Whereas parts of the literature find supporting evidence for internal migration (e.g. Dall-
mann and Millock (2017), Gröger and Zylberberg (2016), Henry et al. (2004), Bohra –
Mishra et al. (2014), and Thiede et al. (2016), others do not (e.g. Di Falco et al. (2012),
Gray and Bilsborrow (2013), and Goldbach (2017)).

To a significant extent, the mixed results are due to methodological differences between
the existing studies (Berlemann and Steinhardt 2017). However, there is also evidence that
the effects might depend on the institutional setting in the affected countries, which are
often hard to measure. Thus, single country studies are urgently necessary to complete the
picture on the effects of climate-induced natural hazards.

In this paper we focus on Vietnam, a Southeast-Asian country which is strongly affected
by climate change and prone to various sorts of climate-induced natural disasters. While the
existing evidence on Vietnam either concentrates on single disaster events (Gröger and Zyl-
berberg 2016) or distinguishes between groups of disasters (sudden onset versus slow-onset,
see Koubi et al. (2016a, b)), we study the effect of three major types of natural disasters
(droughts, floods and typhoons) separately within a panel estimation approach. In order
to do so we employ three waves of the Vietnam Access to Resources Household Survey
(VARHS). The commune-level version of this survey contains information on emigration
figures as well as on the occurrence of natural disasters, which to the best of our knowledge
has not been used to study migration issues before. We study the short-run (1-2 years) as
well as the long-run perspective (10 years) and, moreover, distinguish between temporary
and permanent migration.

In the short-run, only drought events tend to cause emigration from the affected com-
munes. While droughts primarily cause temporary migration, flood events, if at all, tend to
induce permanent moves out of the affected regions. We find no short-run migration effects
for typhoons. Whenever drought or flood events are perceived to have become more severe
over the last decade, we find systematically higher emigration figures. Again, typhoon
trends remain without any significant effect.

1Lehmann et al. (2015) show that between 1980 and 2010 the number of record-breaking precipitation events
per year has significantly increased on the global level.
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The paper is organized as follows. The second section provides a brief review of the
existing literature on disaster-induced migration in Vietnam. The third section delivers
important information on Vietnam’s geography, economy, climate and population. Section
four introduces the employed data and delivers summary statistics. In section five we explain
our estimation strategy and discuss the estimation results. Section six summarizes and
concludes.

Related Literature

The literature on climate, natural hazards and migration has evolved quickly over the last
decade. We make no attempt at summarizing this literature here in detail as actual survey
articles are readily available (see e.g. Millock (2015) or Berlemann and Steinhardt (2017)).
Instead we focus on discussing those papers which have been concerned with the influ-
ence of climate and natural disasters on internal migration in Vietnam. To the best of our
knowledge, only four papers have yet studied these issues.

The first paper by Dun (2011) has a more explorative rather than econometric character.
The research question the author aims to answer is whether the quite regularly occur-
ring flood events in the Mekong Delta induce households to move out of the flood-prone
areas. The analysis is based on a survey among 32 Vietnamese migrants in Cambodia,
12 semi-structured interviews with internal migrants who moved out of the Mekong Delta
and 12 interviews with resettled people. Moreover, the author conducted 45 interviews
with experts from governmental institutions, international organizations, academics and
non-governmental organizations. The surveys and interviews were conducted in between
October and December 2007. The authors find evidence for seasonal labor migration
throughout the flood season, which is often associated with moving to urban areas. In
addition to that, the results imply that at least successive floodings might lead to perma-
nent emigration. Besides, there are indications that in the aftermath of flood events human
trafficking increases and children are sent to larger cities.

The studies by Koubi et al. (2016a, b) are concerned with the effect of natural disas-
ters on internal migration. They are both based on a survey of individuals aged 18 to 64.
The survey was conducted in 2013 with 1,200 respondents from 4 Vietnamese provinces.
The interviewees answered whether they had experienced sudden-onset events (heavy rain,
flood, hail, storm, cyclone, typhoon and/or landslide/ mudslide) and/or slow-onset events
(salinity, drought, or desertification) during the past 5 years. The authors argue that migra-
tion as adaption strategy is more likely to be chosen in the case of sudden-onset events (in
comparison to slow-onset events) as individuals have less possibilities to adjust to these
incidents. To test this hypothesis, the survey regions were chosen on the basis of the type
of hazards, the province is primarily concerned with (based on the EM-DAT database).2

While two provinces (Ben Tre, Ninh Thuan) are mainly affected by slow-onset events such
as progressive salinity of its main waterway (the Mekong river) or droughts, the other two
provinces (An Giang, Nam Dinh) are mainly subject to short-term environmental events
such as floods and cyclones. Using a logit estimation approach the authors in fact find sys-
tematically positive migration effects of sudden (disaster) events whereas gradual (climatic)
events reduce significantly migration.

2See http://www.emdat.be/
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Gröger and Zylberberg (2016) analyze the consequences of typhoon Ketsana which
occurred in 2009 in parts of Vietnam. The empirical analysis is based on three subse-
quent surveys in 2007, 2008 and 2010, conducted for 2,200 households in 110 Vietnamese
communes. Employing a difference-in-differences approach, the authors first show that
households in affected communes suffer from a large negative income shock, as agricultural
production is negatively affected. The authors also find a negative effect on consumption,
however, this effect turns out to be much smaller than the underlying income effects. The
reason why households did not have to restrict their consumption by the same amount
as the income shock is that the affected households receive more remittances from labor
migrants in non-affected communes (not from individuals from the same commune). More-
over, Gröger and Zylberberg (2016) provide evidence that non-migrant households tend to
send household members to different communes in the aftermath of the typhoon, which
increased their level of received remittances. Altogether, the study by Gröger and Zyl-
berberg (2016) strengthens the argument for migration as an instrument to insure against
consumption/income risk, put forward in earlier work by Rosenzweig and Stark (1989).
As Gröger and Zylberberg (2016) (have to) concentrate their in-depth analysis on a sin-
gle typhoon event it remains open for future research whether their central finding can be
generalized.

Climate, Natural Hazards andMigration Patterns in Vietnam

Before we turn to the empirical analysis we should give a brief overview on Vietnam’s
geography, climate and the typical migration patterns. Vietnam is located in the eastern
part of the Indochinese peninsula. It occupies roughly 331,230.8 square kilometers and has
a population of roughly 94.67 millions (2018). Until the mid of the 1980s Vietnam was
among the poorest countries of the world. Since 1986, the ”Doi Moi” policy made Vietnam
a market economy with a socialist orientation. The economic and political reforms under
Doi Moi have spurred rapid economic growth and development and transformed Vietnam
to a lower middle-income country (Revilla Diez 2016).

Climate

The World Bank (2010) has ranked Vietnam among the countries likely to be most affected
by climate change since Vietnam has a long coastline of roughly 3200 kilometers and is
located in the South East Asian tropical monsoon area. The climate in Vietnam differs
greatly between north and south because of the effect of the monsoons. The north-east mon-
soon and the south-east monsoon affect Vietnam’s north, making it cold in a long winter
period. The south of Vietnam is less impacted by the north-east winter monsoon and, there-
fore, this region has a tropical climate that is hot over almost the full year (Huynh et al.
2014). Both types of monsoons differ considerably in their strength from year to year.

Because of the monsoons, the annual mean temperature in Vietnam is relatively lower
than in many other countries in Asia at the same latitude (Huynh et al. 2014). The tempera-
ture in Vietnam increases gradually from the North to the South and fluctuates significantly
between seasons (Katzfey et al. 2014). According to the Ministry of Natural Resources
and Environment of Vietnam (2016), the average temperature in Vietnam has increased by
roughly 0.1◦C per decade over the period of 1958 to 2014. It has also been observed that
extreme temperature events happen more frequently (Ministry of Natural Resources and
Environment of Vietnam 2016). According to projections (Ministry of Natural Resources
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and Environment of Vietnam 2016) the annual average temperature is expected to further
increase.

Vietnam is a comparatively humid country. The annual fluctuations of relative humidity
are heavily influenced by precipitation. In general, the annual rainfall in the north exceeds
that in the south. Precipitation during the rainy season accounts for more than 80 percent of
annual precipitation (Nguyen et al. 2014). The number of rainy days varies strongly between
the regions. Over the last 50 years, the northern regions of Vietnam witnessed a consider-
able decrease in precipitation in the rainy season while the southern regions experienced
a significant increase in rainfall (Ministry of Natural Resources and Environment of Viet-
nam 2016; Schmidt – Thome et al. 2015). However, during the dry season, precipitation
increased slightly or remained almost unchanged in the north, but increased dramatically in
the south.

Natural Hazards

Vietnam is among the most disaster prone regions in the world (Global Facility for Disas-
ter Reduction and Recovery 2011). Many of the occurring disasters are linked to climate.
The earlier summarized climate trends indicate that climate-induced natural disasters will
become either more frequent or severe.

Vietnam is strongly affected by flood events. Over the last two decades, Vietnam suf-
fered from more than 70 floods that killed 5,024 people and destroyed 220,000 houses
(Trung 2015). Floods occur mainly in the Red River Delta, the Central and the Mekong
River Delta (Pilarczyk and Nuoi 2005). In the Red River Delta, the combination of intense
rainfall and tidal effects is the main reason for floods. In the central region, floods are
caused by a mixture of intense precipitation, short and steep watersheds and shortage of
water storage capacities. In contrast, the major reason for flood events in the Mekong River
Delta is the topography, which makes drainage difficult (Dun 2011). This creates prolonged
floods as well as salinity intrusion. According to Trung (2015) the number of floods per
year increased significantly throughout the period from 1990 to 2009.

A second severe threat to the Vietnamese population are typhoons. On average, Vietnam
experiences 7 tropical depressions and typhoons per year. The majority of these hazards
originate from the East Sea and the Western Pacific Ocean where storms happen most
frequently in the world. Typhoons in Vietnam take place mostly in between June and
December. Particularly provinces in the central region are affected heavily (Institute of Strat-
egy and Policy on Natural Resources and Environment of Vietnam 2009). As reported by
the Global Facility for Disaster, Reduction and Recovery 2011, typhoons have caused enor-
mous damage in Vietnam.3 Throughout the period of 1959 to 2015 the number of heavy
typhoons increased slightly. The typhoon season tends to last longer and typhoons tend to
move southward as well (Ministry of Natural Resources and Environment of Vietnam 2016).

Finally, Vietnam is also prone to drought events. Naturally, droughts typically occur in
the dry season, i.e. in between November and March (Vu – Thanh et al. 2013). As well-
functioning irrigation systems are often unavailable, drought is a severe threat to agricultural
business. Over the period of 1961 to 2007 the number of droughts increased significantly
in the northern regions of Vietnam, whereas no significant trend could be observed for the
south (Vu – Thanh et al. 2013). According to predictions, droughts in Vietnam are likely
to become more serious because climate change contributes to increasing rainfall variation

3Estimates amount to 4.5 billion USD over the past century.
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between seasons and more heatwaves (Global Facility for Disaster Reduction and Recovery
2011).

Internal Migration in Vietnam

Almost 14 percent of the Vietnamese population do not live their place of origin (General
Statistics Office of Vietnam and United Nations Population Fund 2016). In Vietnam most
individuals move from rural to urban areas. The two largest cities Ha Noi and Ho Chi Minh
City are the most attractive destinations and receive the most migrants (General Statistics
Office of Vietnam and United Nations Population Fund 2016).

In Vietnam, residents are classified as either permanent or temporary. The residence
status is specified in a household registration booklet that contains all information about
names, birthday, birthplace, address, gender, religion, occupation and identity number of the
household’s head and household’s members. Moreover, this booklet registers the place of
permanent residence. In order to be allowed to purchase or sell land, to make use of public
education and health institutions, to apply for bank loans or to be hired as public servant an
individual must be registered as permanent resident of the related commune (Duong et al.
2011). Whenever individuals are living apart from their permanent residence, they are reg-
istered as temporary residents and have much less access to public services. Thus, whenever
individuals move permanently to a different commune they have a strong incentive to reg-
ister as permanent resident, there. Nevertheless, a significant share of people moving for
longer periods of time to different places keep their permanent residence status at their place
of origin.

Data

For our empirical analysis we make use of the Vietnam Access to Resources Household
Survey (VARHS). The VARHS was first implemented in 2002 to deliver information for
the Doi Moi policy, in which rural households play an important role. It was noticed at that
time, that little systematic information was available on the characteristics of the existing
rural markets for land, credit and labor and the access of rural households to these markets.
Since 2006, the VARHS has been conducted regularly every two years by the Development
Economics Research Group (DERG) of the University of Copenhagen in collaboration with
the Central Institute for Economic Management (CIEM), the Institute for Labor Studies and
Social Affairs (ILSSA) and the Institute of Policy and Strategy for Agriculture and Rural
Development Vietnam (IPSARD). Within the VARHS, data on both the household and the
commune level are collected.

The survey covers around 470 communes in twelve provinces, located all over Vietnam.4

When the regular survey was started in 2006, households were chosen to constitute a repre-
sentative sample of the rural areas in the twelve provinces in that year.5 For the later waves
of the survey the sample is not provincially representative in a strict statistical sense because
the primary aim was to construct a panel dataset (Brandt and Tarp 2017). Figure 1 shows
which communes are included in the VARHS sample.

4The included provinces are: Ha Noi, Lao Cai, Phu Tho, Lai Chau, Dien Bien, Nghe An, Quang Nam, Khanh
Hoa, Dak Lak, Dak Nong, Lam Dong, and Long An.
5See Brandt and Tarp (2017) for more detailed information on the survey and the sampling procedure.
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Fig. 1 Sample of Vietnamese Communes in the VARHS survey
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In this paper we employ solely the VARHS commune data. The commune questionnaires
are answered by commune administrative officials, working in the relevant divisions. The
respondents answer the questions based on their official records, when available.

Data on migration figures is available in the VARHS not before 2012. As this data is
constitutive for our empirical analysis, we base our analysis on the three waves of the survey
which were available when this paper was written, i.e. 2012, 2014 and 2016. While the
commune names are not available in the data, a commune-ID is supplied. The commune-ID
allows us generating three-year panel data. For our empirical analysis, we need information
on (i) commune emigration figures (left hand variable), (ii) data on the occurrence of natural
disasters, and (iii) commune characteristics as control variables.

The VARHS contains only unilateral information on emigration. Thus, the number of
total emigrants from each included commune is available. However, there is no information
on the destination commune of emigrants.6

For our subsequent empirical analysis we also need information on the occurrence of
climate-related natural disasters. While the VARHS data contains data on the occurrence of
droughts, floods and typhoons on the commune-level, one might argue that using this data
is problematic as the respondents to the questionnaire might justify high emigration num-
bers by over-reporting disaster events. In order to rule out this potential problem one might
think of combining the VARHS data with geo-referenced data from disaster databases.
However, as the data contain only anonymous commune-IDs rather than commune names,
doing so is impossible. We therefore have to rely on the disaster information reported in
the VARHS data itself. However, as migration figures and disaster occurrence are parts of
different chapters of the survey and most likely answered by different officials, we do not
expect systematic biases to occur. The data contains information whether a certain type of
disaster occurred in the year preceding the survey or the two years preceding the survey. For
both time perspectives and for each disaster type (e.g. droughts, floods and typhoons) we
code dummy variables. Moreover, the respondents were asked to judge whether disasters of
each type became worse over the decade before the survey was conducted. Again, we code
a dummy variable for each of the three types of disasters.

In order to estimate a well-specified empirical model we also need to control for rele-
vant commune characteristics. Our choice of control variables follows the related literature,
however, is naturally restricted by the availability of these variables in the VARHS data. An
often employed theoretical foundation for empirical specifications of migration studies is
the Utility Maximization Approach (see e.g. Borjas (1987) and Beine and Parsons (2015),
or Dallmann and Millock (2017)). Basically, this approach leads to a gravity model in which
four sorts of migration determinants have to be considered: the wage differential between
destination and origin, the conditions at the place of origin, the conditions at possible des-
tinations and migration costs between both places. Due to the fact that the dataset contains
only unilateral migration information, we have to refrain from estimating a gravity model.
However, we still can base the choice of our variables to some extent on the UtilizationMax-
imization Approach. In order to cover wages we include average annual income per capita,
which is available in the data. Moreover, we control for commune population size. We also
control for the number of firms with at least 10 employees. In order to control for education,
we include the percentage of students which graduated from secondary schools and the per-
centage of students which graduated from junior high schools and continued to senior high

6As the emigration target is unknown, it cannot be ruled out that the reported number of emigrants also
includes international migration. However, the overwhelming majority of emigrants moves within Vietnam.
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schools. We further assume that all other relevant commune characteristics are constant over
the sample horizon. Under this assumption we can correct for unobserved heterogeneity by
including fixed effects in our later applied estimation approach. The fixed effects also con-
trols for existing migration networks and the migration history of the included communes.
Table 1 delivers some descriptive statistics on the employed variables.

Empirical Approach and Estimation Results

Empirical Approach

In order to find out whether recently occurring natural disasters or disaster trends over the
last decade have a systematic impact on migration patterns we run two-way fixed effects
panel models of the type

Mi,t = αi + βt + γ · Di,t + θ · Ci,t + εi,t

where Mi,t is the number of emigrants from region i at time t , D is a measure of the
occurrence of (a certain type of) natural disasters (in our case a dummy variable for a disaster
occurring in the last, the last two years or disasters becoming more severe over the last
decade), C is a vector of control variables and ε stands for the unexplained residual. The
parameters to be estimated are the commune-fixed effects αi , the time-fixed effects βt , the
vector θ (i.e. the influence of the control variables) and γ , the parameter of central interest,
measuring the impact of the disaster variable on emigration flows. The commune-fixed
effect controls for time-constant unobserved heterogeneity.

Obviously, our measures of emigration (i.e. total emigrants, permanent emigrants and
temporary emigrants) are count variables. Moreover, as we conduct our analysis on the

Table 1 Descriptive statistics (1200 observations)

Variables Mean Std. Dev. Min Max

Average income (Unit: 000 VND) 17263.55 9395.83 146 52000

Population (Unit: persons) 8259.18 4113.49 518 24775

Number of firms (Unit: firms) 19.02 85.40 0 1200

Students continuing to senior high school (Unit: percent) 87.02 18.92 0 100

Student finishing secondary school (Unit: percent) 95.18 13.92 0 100

Total emigration (Unit: persons) 193.73 212.12 0 2387

Total permanent emigration (Unit: persons) 108.02 114.23 0 1300

Total temporary emigration (Unit: persons) 85.71 154.52 0 2134

Droughts in last year (1 = yes, 0 = no) .40 .49 0 1

Droughts in last two years (1 = yes, 0 = no) .46 .50 0 1

Droughts worse over last decade (1 = yes, 0 = no) .32 .47 0 1

Floods in last year (1 = yes, 0 = no) .30 .46 0 1

Floods in last two years (1 = yes, 0 = no) .37 .48 0 1

Floods worse over last decade (1 = yes, 0 = no) .20 .40 0 1

Typhoons in last year (1 = yes, 0 = no) .27 .45 0 1

Typhoons in last two years (1 = yes, 0 = no) .33 .47 0 1

Typhoons worse over last decade (1 = yes, 0 = no) .19 .39 0 1
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commune-level, the count values are not too large so that ordinary least squares estimations
might be inappropriate. In order to account for these properties typically Poisson regres-
sions are used. However, as these regressions often suffer from over- or underdispersion we
apply a generalization of the Poisson regressions approach and estimate negative binomial
regressions (Allison 2009).

A major issue in estimating the effect of climate or natural disasters on migration is
the so-called overcontrolling problem (Dell et al. 2014; Berlemann and Steinhardt 2017).
Whenever we aim at measuring the full effect of climate or natural disasters on migration,
control variables which themselves might be affected by climate or disasters should not be
part of the regression equation. Whenever they are added nevertheless, as it is often done
in the related literature, we measure a partial rather than the total effect (Beine and Parsons
2017). In order to deal with this problem adequately we estimate a two-way fixed effects
model without any additional (and possibly endogenous) control variables in our main esti-
mation specification. However, we also show the results we derive under the inclusion of
control variables.

To further check the robustness of our results we repeated all regressions using the
(scaled) Ordinary Least Squares (OLS)Method. While our left-hand variable is a count vari-
able, it is well-known that the distribution of larger count variables converges against the
normal distribution. Thus, estimating the model using OLS is adequate under these circum-
stances. We therefore first transformed the left-hand variable by exchanging all zero values
against the value of one. We then took to log of the migration variable and reestimated all
models.

Droughts

We start out with studying the effect of droughts on total emigration numbers. The referring
estimation results are presented in Table 2.

Column one of Table 2 shows the results for recently occurring floods. We find signif-
icantly higher total emigration counts for communes which experienced a drought event
throughout the year before the survey was conducted as compared to those which were not
affected by drought. The average marginal effect amounts to 35 emigrants and is thus size-
able. A similar effect results for communes which experienced droughts throughout the two
years preceding the survey (see column 3). Here, the average marginal effect amounts to 38
emigrants. And even when considering the long-run perspective by focusing on communes
in which droughts became more severe over the decade before the survey was conducted, we
find significantly higher emigration counts (column 5). On average, 55 individuals emigrate
from these communes. As columns 2, 4 and 6 indicate, the effects do not differ qualita-
tively when we include control variables. We also derive qualitatively the same results when
employing scaled OLS rather than negative binomial regressions (the referring estimation
results are reported in the Appendix A).

Our findings indicate that droughts cause significant emigration from the affected com-
munes, both in the short- and the long-run. As outlined earlier, the yet only existing evidence
on the migration effects of droughts in Vietnam comes from Koubi et al. (2016a, b). Both
papers are based on the same survey and find that slow-onset disasters tend to decrease
emigration from the affected communes, at least when excluding control variables from
the regression approach. As droughts also belong to the group of slow-onset disasters, our
results tend to contradict the findings by Koubi et al. (2016a, b). However, as these stud-
ies do not focus explicitly on droughts, but in more general, study slow-onset disasters and
thus also include other disasters such as desertification or salinization, the results are not
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Table 2 Emigration and Droughts (Negative Binomial regression results)

Dependent variable:

Total Emigration

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

Average income 0.00000378 0.00000433 0.00000359

(0.00000602) (0.00000605) (0.00000595)

Population -0.0000393 -0.0000383 -0.0000343

(0.0000248) (0.0000249) (0.0000247)

Number of firms -0.00111∗∗∗ -0.00111∗∗∗ -0.00108∗∗∗

(0.000345) (0.000345) (0.000345)

Students continuing to
senior high school

-0.000211 -0.000124 0.00000525

(0.00234) (0.00234) (0.00228)

Students finishing sec-
ondary school

0.00247 0.00244 0.00248

(0.00266) (0.00266) (0.00263)

Droughts in last year 0.178 ∗∗ 0.169 ∗∗
(0.0739) (0.0741)

Droughts in last two years 0.194∗∗∗ 0.186 ∗∗
(0.0747) (0.0755)

Droughts worse over last decade 0.272∗∗∗ 0.261∗∗∗
(0.0710) (0.0714)

Commune-fixed-effects yes yes yes yes yes yes

Time-fixed-effects yes yes yes yes yes yes
Log likelihood -6960.5 -6953.6 -6959.9 -6953.0 -6954.5 -6948.0
Pseudo R2 0.0747 0.0756 0.0748 0.0757 0.0755 0.0764
Observations 1200 1200 1200 1200 1200 1200

Standard errors in parentheses, ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

completely comparable. Our findings are in line with the results reported in Dallmann and
Millock (2017) for India, where droughts tend to increase inter-state migration figures.

As we have disaggregated data for permanent and temporary emigration we can study
migration decisions in the context of natural disasters in more detail. In order to do so
we repeat all estimations for temporary and permanent migration figures. The referring
estimation results are reported in Tables 3 and 4.7 Interestingly enough, in the short-run
droughts tend to affect primarily temporary emigration. While recently occurring droughts
significantly increases temporary emigration from the affected communes, no such effect
can be detected for permanent emigration. However, when droughts became more severe
over the preceding decade, both temporary and permanent emigration is significantly higher.
This pattern points into the direction that drought-affected individuals initially do not plan
to move out of the affected communes permanently. However, when there are indications
that droughts will happen systematically more often in the future, a significant number of
individuals moves permanently to other communes.

7As it is reported in the Appendix A in detail, the results remain qualitatively stable when using scaled OLS
rather that negative binomial regressions.
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Table 3 Temporary Emigration and Droughts (Negative Binomial regression results)

Dependent variable:

Temporary Emigration

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

Droughts in last year 0.603∗∗∗ 0.581∗∗∗

(0.199) (0.198)

Droughts in last two years 0.688∗∗∗ 0.655∗∗∗

(0.198) (0.198)

Droughts worse over last decade 0.366∗ 0.348∗

(0.196) (0.195)

Commune-fixed-effects yes yes yes yes yes yes

Time-fixed-effects yes yes yes yes yes yes

Other controls no yes no yes no yes

Log likelihood -5652.0 -5646.7 -5650.3 -5645.3 -5656.6 -5651.0

Pseudo R2 0.0600 0.0609 0.0603 0.0612 0.0593 0.0602

Observations 1200 1200 1200 1200 1200 1200

Included controls: average income, population, number of firms, students continuing to senior high school,
students finishing secondary school

Standard errors in parentheses, ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 4 Permanent Emigration and Droughts (Negative Binomial regression results)

Dependent variable:

Permanent Emigration

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

Droughts in last year 0.0266 0.00916

(0.0772) (0.0772)

Droughts in last two years 0.0576 0.0455

(0.0766) (0.0770)

Droughts worse over last decade 0.197∗∗∗ 0.184∗∗

(0.0733) (0.0740)

Commune-fixed-effects yes yes yes yes yes yes

Time-fixed-effects yes yes yes yes yes yes

Other controls no yes no yes no yes

Log likelihood -6293.2 -6287.5 -6292.9 -6287.3 -6288.4 -6283.3

Pseudo R2 0.0778 0.0786 0.0778 0.0787 0.0785 0.0792

Observations 1200 1200 1200 1200 1200 1200

Included controls: average income, population, number of firms, students continuing to senior high school,
students finishing secondary school

Standard errors in parentheses, ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Floods

In the next step of our analysis we study the case of flood events. Again we start out with the
effect of floods on total emigration counts. The referring estimation results are presented in
Table 5. The results indicate that floods tend to have no significant effect on total emigration
in the short-run, regardless of whether control variables are included or not. This finding
is in line with the finding by Bohra – Mishra et al. (2014) for Indonesia and Gray and
Mueller (2012) for Bangladesh that episodically occurring disasters tend to have little effect
on emigration.

However, while a single flood which occurred in the recent past seems not to spur emi-
gration from the affected commune, an increasing flood risk in general seems to increase
emigration flows.8 The average marginal effect in communes where flood risk increased
over the preceding decade amounts to 43 emigrants. We thus find supporting evidence for
the results reported in Dun (2011) that especially recurring flood events tend to increase
emigration in Vietnam. Our findings are also in line with the finding of Koubi et al. (2016a,
b) that increased risk from sudden-onset events (such as floods) tend to increase emigration
in Vietnam.

The estimation results for temporary and permanent emigration are summarized in
Tables 6 and 7. Different from drought events, recent floods do not cause significant tem-
porary emigration, regardless of whether we include control variables or not. For both
short-term indicators we do not find a significant temporary emigration effect. The same
holds true for increasing flood risk over the last decade. Only when running scaled OLS
regressions rather than negative binomial regressions temporary migration figures are
affected significantly for worsening flood trends. However, altogether there is little evidence
that floods cause temporary migration.

If the affected population reacts at all to episodically occurring flood events, they tend
to move out of the affected areas permanently. As Table 7 reveals, only the coefficient for
flood events occurring in the two years before the survey was conducted turns out to be
significant. However, as this effect becomes insignificant when estimating a scaled OLS
model rather than a negative binomial,9 this evidence must be judged as rather weak. One
might conclude that floods tend to have little effect on permanent emigration in the short-
run. However, the results are different when floods in general became more severe over the
last decade. Whenever risks from floods increase this goes along with increased permanent
emigration figures.

Typhoons

Finally, we turn to the case of typhoons. The estimation results for total emigration, which
are displayed in Table 8, indicate that neither typhoons which occurred recently nor worsen-
ing typhoon trends over the last decade have a significant effect on total emigration figures.
Again these results hold even when including control variables.10 Our findings are in line
with the finding of Paul (2005), who fails to find a significant emigration effect for a disas-
trous tornado which occurred in 2004 in Bangladesh. However, our results do not fit to the

8These results are confirmed when estimating scaled OLS regressions rather than negative binomials. See
the results reported in the Appendix B.
9The referring results are reported in the Appendix B.
10We find qualitatively the same results when running scaled OLS regressions; see the Appendix C for the
referring results.
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Table 5 Total Emigration and Floods (Negative Binomial regression results)

Dependent variable:

Total Emigration

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

Average income 0.00000436 0.00000395 0.00000426

(0.00000603) (0.00000604) (0.00000603)

Population -0.0000380 -0.0000379 -0.0000406∗

(0.0000246) (0.0000246) (0.0000242)

Number of firms -0.00114∗∗∗ -0.00115∗∗∗ -0.00117∗∗∗

(0.000339) (0.000336) (0.000334)

Percentage of student
continue to senior high
school

-0.000626 -0.000751 -0.000797

(0.00233) (0.00232) (0.00230)

Percentage of student
finishing secondary
school

0.00266 0.00264 0.00264

(0.00265) (0.00267) (0.00259)

Floods in last year 0.0658 0.0621

(0.0793) (0.0799)

Floods in last two years 0.106 0.104

(0.0721) (0.0727)

Floods worse over last decade 0.211∗∗ 0.220∗∗∗

(0.0843) (0.0848)

Commune-fixed-effects yes yes yes yes yes yes

Time-fixed-effects yes yes yes yes yes yes

Log likelihood -6964.0 -6956.7 -6963.1 -6955.8 -6960.1 -6952.4

Pseudo R2 0.0743 0.0752 0.0744 0.0753 0.0748 0.0758

Observations 1200 1200 1200 1200 1200 1200

Standard errors in parentheses, ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

findings reported in the study by Gröger and Zylberberg (2016) for Vietnam. As explained
earlier in detail, this study finds significant emigration from Vietnamese regions which were
hit by typhoon Ketsana in 2009. However, it should be noted that Ketsana was the by far
most severe typhoon which made landfall in Vietnam over the period of 2009 to 2015. Thus,
it is well possible that only the most severe typhoons cause migration. As we cannot distin-
guish between storms of different severity in our sample we cannot study this issue in more
detail.

Not too surprising, we also fail to find any significant effect of typhoons on temporary or
permanent migration, regardless of whether we include control variables or not. The results
are displayed in Tables 9 and 10.11

11Again this result turns out to be stable when using scaled OLS rather than negative binomial regressions.
See Appendix C for a documentation of the results.
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Table 6 Temporary Emigration and Floods (Negative Binomial regression results)

Dependent variable:

Temporary Emigration

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

Floods in last year 0.0976 0.115

(0.216) (0.215)

Floods in last two years 0.0908 0.109

(0.202) (0.202)

Floods worse over last decade 0.320 0.339

(0.224) (0.223)

Commune-fixed-effects yes yes yes yes yes yes

Time-fixed-effects yes yes yes yes yes yes

Other controls no yes no yes no yes

Log likelihood -5659.3 -5653.4 -5659.3 -5653.4 -5657.9 -5651.8

Pseudo R2 0.0588 0.0598 0.0588 0.0598 0.0591 0.0601

Observations 1200 1200 1200 1200 1200 1200

Included controls: average income, population, number of firms, students continuing to senior high school,
students finishing secondary school

Standard errors in parentheses, ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Joint Estimation Results

As communities might be hit by different sorts of disasters in the same year, we complete
our estimations by delivering regression results under the inclusion of disaster indicators

Table 7 Permanent Emigration and Floods (Negative Binomial regression results)

Dependent variable:

Permanentl Emigration

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

Floods in last year 0.0366 0.0337

(0.0781) (0.0787)

Floods in last two years 0.139∗ 0.133∗

(0.0711) (0.0715)

Floods worse over last decade 0.191∗∗ 0.192∗∗

(0.0905) (0.0909)

Commune-fixed-effects yes yes yes yes yes yes

Time-fixed-effects yes yes yes yes yes yes

Other controls no yes no yes no yes

Log likelihood -6293.1 -6287.4 -6291.1 -6285.6 -6289.9 -6284.1

Pseudo R2 0.0778 0.0786 0.0781 0.0789 0.0783 0.0791

Observations 1200 1200 1200 1200 1200 1200

Included controls: average income, population, number of firms, students continuing to senior high school,
students finishing secondary school
Standard errors in parentheses, ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Economics of Disasters and Climate Change (2020) 4: –409853 399



Table 8 Total Emigration and Typhoons (Negative Binomial regression results)

Dependent variable:

Total Emigration

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

Average income 0.00000462 0.00000465 0.00000461

(0.00000602) (0.00000603) (0.00000600)

Population -0.0000394 -0.0000390 -0.0000386

(0.0000245) (0.0000245) (0.0000246)

Number of firms -0.00113∗∗∗ -0.00113∗∗∗ -0.00112∗∗∗

(0.000341) (0.000342) (0.000340)

Percentage of student
continue to senior
high school

-0.000504 -0.000519 -0.000492

(0.00234) (0.00233) (0.00235)

Percentage of student
finishing secondary
school

0.00269 0.00271 0.00268

(0.00265) (0.00263) (0.00264)

Typhoons in last year -0.00681 -0.00522

(0.0787) (0.0788)

Typhoons in last -0.0444 -0.0439

two years (0.0766) (0.0768)

Typhoons worse 0.0775 0.0682

over last decade (0.0844) (0.0851)

Commune-fixed- yes yes yes yes yes yes

effects
Time-fixed-effects yes yes yes yes yes yes
Log likelihood -6964.4 -6957.2 -6964.2 -6956.9 -6963.9 -6956.7
Pseudo R2 0.0742 0.0752 0.0742 0.0752 0.0743 0.0752
Observations 1200 1200 1200 1200 1200 1200

Standard errors in parentheses, ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

for all three disaster types at the same time. In order to gain a systematic picture we study
the reaction to disasters which happened in the year before the survey was conducted, to
disasters which occurred in the two years before the survey was conducted and to the 10-
year-disaster trends. The estimation results are displayed in Table 11.

Basically, the estimation results confirm our previous findings. We find the most system-
atic effect for droughts. Whenever droughts occurred in the previous or over the previous
two years, emigration outflows from the referring commune are systematically higher than
without drought events. The same holds true for communes where droughts in general
became more severe over the last decade. For flood events we find a systematic effect only
for a worsening long-run trend. No effect at all occurs for typhoons.

Summary and Conclusions

The main goal of this paper is to test whether different sorts of natural disasters are push
factors of migration. Based on panel survey data from the most disaster-prone countries
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Table 9 Temporary Emigration and Typhoons (Negative Binomial regression results)

Dependent variable:

Temporary Emigration

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

Typhoons in last year 0.174 0.166

(0.212) (0.210)

Typhoons in last two years 0.198 0.188

(0.207) (0.205)

Typhoons worse over last decade 0.0546 0.0456

(0.243) (0.238)

Commune-fixed-effects yes yes yes yes yes yes

Time-fixed-effects yes yes yes yes yes yes

Other controls no yes no yes no yes

Log likelihood -5659.0 -5653.1 -5658.8 -5653.0 -5659.4 -5653.6

Pseudo R2 0.0589 0.0599 0.0589 0.0599 0.0588 0.0598

Observations 1200 1200 1200 1200 1200 1200

Included controls: average income, population, number of firms, students continuing to senior high school,
students finishing secondary school

Standard errors in parentheses, ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

of the world, Vietnam, we run two-way fixed effects regressions on the commune-level.
We find that especially droughts push parts of the population out of the affected regions,
both in the short- and in the long-run. Communes where flood events became either more

Table 10 Permanent Emigration and Typhoons (Negative Binomial regression results)

Dependent variable:

Permanent Emigration

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

Typhoons in last year -0.0362 -0.0334

(0.0845) (0.0839)

Typhoons in last two years -0.0366 -0.0358

(0.0829) (0.0826)

Typhoons worse over last decade 0.0808 0.0840

(0.0856) (0.0854)

Commune-fixed-effects yes yes yes yes yes yes

Time-fixed-effects yes yes yes yes yes yes

Other controls no yes no yes no yes

Log likelihood -6293.1 -6287.4 -6293.1 -6287.4 -6292.7 -6286.9

Pseudo R2 0.0778 0.0786 0.0778 0.0786 0.0779 0.0787

Observations 1200 1200 1200 1200 1200 1200

Included controls: average income, population, number of firms, students continuing to senior high school,
students finishing secondary school

Standard errors in parentheses, ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 11 Total Emigration and Natural Hazards (Negative Binomial regression results)

Dependent variable:

Total Emigration

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

Average income 0.00000367 0.00000384 0.00000341
(0.00000604) (0.00000610) (0.00000600)

Population -0.0000382 -0.0000362 -0.0000371
(0.0000250) (0.0000250) (0.0000243)

Number of firms -0.00112∗∗∗ -0.00112∗∗∗ -0.00113∗∗∗
(0.000344) (0.000342) (0.000343)

Students continuing to senior
high school

-0.000322 -0.000382 -0.000274

(0.00234) (0.00232) (0.00230)
Student finishing secondary
school

0.00244 0.00246 0.00246

(0.00267) (0.00267) (0.00259)
Droughts in last year 0.174∗∗ 0.166∗∗

(0.0751) (0.0755)
Floods in last year 0.0431 0.0396

(0.0850) (0.0857)
Typhoons in last year -0.0354 -0.0317

(0.0836) (0.0837)
Droughts in last two years 0.188∗∗ 0.178∗∗

(0.0757) (0.0768)
Floods in last two years 0.0897 0.0883

(0.0762) (0.0767)
Typhoons in last two years -0.0826 -0.0807

(0.0801) (0.0805)
Droughts worse over last
decade

0.252∗∗∗ 0.238∗∗∗

(0.0772) (0.0783)
Floods worse over last
decade

0.149∗ 0.168∗

(0.0909) (0.0952)
Typhoons worse over last
decade

-0.0887 -0.102

(0.0947) (0.0952)
Commune-fixed-effects yes yes yes yes yes yes

Time-fixed-effects yes yes yes yes yes yes
Log likelihood -6960.3 -6953.4 -6958.5 -6951.6 -6952.8 -6945.8
Pseudo R2 0.0748 0.0757 0.0750 0.0759 0.0758 0.0767
Observations 1200 1200 1200 1200 1200 1200

Standard errors in parentheses, ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

frequent or more severe of the last decade also experience significantly more emigration.
No systematic effect could be detected for typhoons. One might speculate why typhoons
have less effect on migration figures as droughts and floods, at least in the case of Vietnam.
One possible explanation might be that due to Vietnam’s geography and its long coastline,
there are few places where typhoons cannot occur at all. In general typhoons, as compared
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to floods and droughts, exhibit a greater variability in the places where they occur. Against
this background and in the light of considerable migration costs, individuals might refrain
from considering emigration in the case of typhoons.

According to the earlier discussed predictions, large parts of Vietnam will experience
ongoing climate change. This will most likely further increase the frequency and the severity
of climate-related disasters. The pressure to emigrate from the most affected regions will
further increase and might cause severe problems not only in the regions losing population
but also in the likely target regions. In order to keep the negative consequences of disaster-
induced migration as low as possible more research on the likely internal migration flows is
urgently necessary.
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Appendix: A Droughts
Table 12 Total Emigration and Droughts (OLS regression results)

Dependent variable:

Log of Total Emigration

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

Average income 0.00000284 0.00000349 0.00000208
(0.00000719) (0.00000713) (0.00000712)

Population -0.0000435 -0.0000429 -0.0000418
(0.0000416) (0.0000413) (0.0000397)

Number of firms -0.00133∗∗∗ -0.00132∗∗∗ -0.00131∗∗∗
(0.000501) (0.000500) (0.000496)

Students continuing to
senior high school

-0.00232 -0.00223 -0.00185

(0.00252) (0.00252) (0.00257)
Students finishing sec-
ondary school

0.00492 0.00486 0.00470

(0.00327) (0.00326) (0.00331)
Droughts in last year 0.232∗∗∗ 0.215∗∗

(0.0828) (0.0832)
Droughts in last two years 0.250∗∗∗ 0.230∗∗∗

(0.0886) (0.0880)
Droughts worse over last
decade

0.339∗∗∗ 0.321∗∗∗

(0.0800) (0.0809)

Commune-fixed-effects yes yes yes yes yes yes

Time-fixed-effects yes yes yes yes yes yes
Observations 1200 1200 1200 1200 1200 1200

Standard errors in parentheses, ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 13 Temporary Emigration and Droughts (OLS regression results)

Dependent variable:

Log of Temporary Emigration

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

Droughts in last year 0.514∗∗∗ 0.502∗∗∗

(0.172) (0.174)

Droughts in last two years 0.660∗∗∗ 0.639∗∗∗

(0.178) (0.179)

Droughts worse over last decade 0.299∗ 0.288∗

(0.161) (0.161)

Commune-fixed-effects yes yes yes yes yes yes

Time-fixed-effects yes yes yes yes yes yes

Other controls no yes no yes no yes

Observations 1200 1200 1200 1200 1200 1200

Included controls: average income, population, number of firms, students continuing to senior high school,
students finishing secondary school

Standard errors in parentheses, ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 14 Permanent Emigration and Droughts (OLS regression results)

Dependent variable:

Log of Permanent Emigration

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

Droughts in last year 0.0875 0.0690

(0.0918) (0.0918)

Droughts in last two years 0.115 0.0998

(0.0969) (0.0959)

Droughts worse over last decade 0.220∗∗ 0.199∗∗

(0.0855) (0.0845)

Commune-fixed-effects yes yes yes yes yes yes

Time-fixed-effects yes yes yes yes yes yes

Other controls no yes no yes no yes

Observations 1200 1200 1200 1200 1200 1200

Included controls: average income, population, number of firms, students continuing to senior high school,
students finishing secondary school

Standard errors in parentheses, ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Appendix: B Floods

Table 15 Total Emigration and Flood (OLS regression results)

Dependent variable:

Log of Total Emigration

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

Average income 0.00000289 0.00000234 0.00000251
(0.00000720) (0.00000720) (0.00000724)

Population -0.0000428 -0.0000427 -0.0000457
(0.0000429) (0.0000427) (0.0000433)

Number of firms -0.00139∗∗∗ -0.00140∗∗∗ -0.00143∗∗∗
(0.000518) (0.000521) (0.000518)

Students continuing to
senior high school

-0.00291 -0.00295 -0.00297

(0.00256) (0.00256) (0.00261)
Students finishing sec-
ondary school

0.00500 0.00494 0.00489

(0.00330) (0.00327) (0.00335)
Floods in last year 0.0964 0.105

(0.0958) (0.0960)
Floods in last two years 0.143 0.150

(0.0969) (0.0971)
Floods worse over last
decade

0.255∗∗ 0.271∗∗∗

(0.102) (0.101)
Commune-fixed-effects yes yes yes yes yes yes

Time-fixed-effects yes yes yes yes yes yes
Observations 1200 1200 1200 1200 1200 1200

Standard errors in parentheses, ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 16 Temporary Emigration and Flood (OLS regression results)

Dependent variable:

Log of Temporary Emigration

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

Floods in last year 0.166 0.197
(0.176) (0.175)

Floods in last two years 0.115 0.147
(0.171) (0.170)

Floods worse over last decade 0.332∗ 0.366∗
(0.195) (0.194)

Commune-fixed-effects yes yes yes yes yes yes

Time-fixed-effects yes yes yes yes yes yes

Other controls no yes no yes no yes
Observations 1200 1200 1200 1200 1200 1200

Included controls: average income, population, number of firms, students continuing to senior high school,
students finishing secondary school

Standard errors in parentheses, ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 17 Permanent Emigration and Flood (OLS regression results)

Dependent variable:

Log of Permanent Emigration

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

Floods in last year 0.0182 0.0208
(0.108) (0.109)

Floods in last two years 0.148 0.146
(0.107) (0.108)

Floods worse over last decade 0.185∗ 0.191∗
(0.0976) (0.0976)

Commune-fixed-effects yes yes yes yes yes yes

Time-fixed-effects yes yes yes yes yes yes

Other controls no yes no yes no yes
Observations 1200 1200 1200 1200 1200 1200

Included controls: average income, population, number of firms, students continuing to senior high school,
students finishing secondary school

Standard errors in parentheses, ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Appendix: C Typhoons

Table 18 Total Emigration and Typhoons (OLS regression results)

Dependent variable:

Log of Total Emigration

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

Average income 0.00000336 0.00000340 0.00000343
(0.00000719) (0.00000720) (0.00000719)

Population -0.0000446 -0.0000443 -0.0000445
(0.0000429) (0.0000428) (0.0000429)

Number of firms -0.00137∗∗∗ -0.00137∗∗∗ -0.00136∗∗∗
(0.000509) (0.000509) (0.000510)

Students continuing to
senior high school

-0.00273 -0.00273 -0.00273

(0.00255) (0.00255) (0.00255)
Students finishing sec-
ondary school

0.00504 0.00508 0.00503

(0.00335) (0.00335) (0.00333)
Typhoons in last year -0.0391 -0.0330

(0.0952) (0.0941)
Typhoons in last two years -0.0570 -0.0546

(0.0930) (0.0915)
Typhoons worse over last decade 0.0777 0.0676

(0.0997) (0.0990)
Commune-fixed-effects yes yes yes yes yes yes

Time-fixed-effects yes yes yes yes yes yes
Observations 1200 1200 1200 1200 1200 1200

Standard errors in parentheses, ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table 19 Temporary Emigration and Typhoons (OLS regression results)

Dependent variable:

Log of Temporary Emigration

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

Typhoons in last year 0.190 0.200

(0.184) (0.184)

Typhoons in last two years 0.183 0.187

(0.185) (0.185)

Typhoons worse over last decade 0.0164 -0.00396

(0.180) (0.181)

Commune-fixed-effects yes yes yes yes yes yes

Time-fixed-effects yes yes yes yes yes yes

Other controls no yes no yes no yes

N 1200 1200 1200 1200 1200 1200

Included controls: average income, population, number of firms, students continuing to senior high school,
students finishing secondary school

Standard errors in parentheses, ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Table 20 Permanent Emigration and Typhoons (OLS regression results)

Dependent variable:

Log of Permanent Emigration

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

Typhoons in last year -0.0881 -0.0851

(0.0951) (0.0949)

Typhoons in last two years -0.0558 -0.0574

(0.0922) (0.0917)

Typhoons worse over last decade 0.0495 0.0448

(0.114) (0.114)

Commune-fixed-effects yes yes yes yes yes yes

Time-fixed-effects yes yes yes yes yes yes

Other controls no yes no yes no yes

Observations 1200 1200 1200 1200 1200 1200

Included controls: average income, population, number of firms, students continuing to senior high school,
students finishing secondary school

Standard errors in parentheses, ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Economics of Disasters and Climate Change (2020) 4: –409853 407



References

Allison PD (2009) Fixed effects regression models, vol 160. SAGE Publications, Thousand Oaks
Backhaus A, Martinez-Zarzoso I, Muris C (2015) Do climate variations explain bilateral migration? a gravity

model analysis. IZA J Migr 4(3):4149
Beine M, Parsons C (2015) Climatic Factors as Determinants of International Migration. Scandinavian

Journal of Economics 117:723–67
Beine M, Parsons C (2017) Climatic factors as determinants of international migration: Redux. CESifo Econ

Stud 63(4):386–402
Bender MA, Knutson TR, Tuleya RE, Sirutis JJ, Vecchi GA, Garner ST, Held IM (2010) Modeled impact of

anthropogenic warming on the frequency of intense atlantic hurricanes. Science 327:454–458
Berlemann M, Steinhardt M (2017) Climate change, natural disasters, and migration - a survey of the

empirical evidence. CESifo Econ Stud 63(4):353–385
Bohra – Mishra P, Oppenheimer M, Hsiang SM (2014) Nonlinear permanent migration response to climatic

variations but minimal response to disasters. In: Proceedings of the national academy of sciences United
States of America, vol 111, pp 9780–5

Borjas G (1987) Self selection and the earnings of migrants. Am Econ Rev 77:531–553
Brandt K, Tarp F (2017) Characteristics of the VARHS data and other data sources. In: Growth, structural

transformation, and rural change in Viet Nam, A rising dragon on the move. Oxford University Press,
New York

Cattaneo C, Peri G (2016) The migration response to increasing temperatures. J Dev Econ 122:127–146
Christensen JH, Hewitson B, Busuioc A, Chen A, Gao X, Held I, Jones R, Kolli RK, Kwon W-T, Laprise R,
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