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This study examines whether the municipalities classified as flood-affected during the May
2014 floods experienced a differential change in formally registered internal out-migration
relative to non-flooded municipalities. The analysis uses a balanced municipality-year panel
for 2009-2018, comprising 40 flood-affected and 125 non-flooded municipalities, with
municipality and calendar-year fixed effects. The primary estimate is positive but imprecise
(0.239 per 1,000 residents; 95% CI: —0.423 to 0.901). A restricted matched-sample estimate is
larger but also imprecise, while a specification allowing NUTS2 region-specific annual shocks
produces a larger positive estimate. Event-study and placebo diagnostics provide no statistical
evidence of differential pre-treatment changes, although their confidence intervals are wide.
Exploratory analyses suggest that estimated responses may vary by selected pre-flood
municipal characteristics, but they do not identify household-level mechanisms. The findings
do not support a single specification-invariant estimate of a positive average flood effect; they
show that the estimated municipality-level association is sensitive to the comparison group
and the treatment of regional annual shocks.

Keywords: climate migration; 2014 floods; difference-in-differences; aspirations and capabilities;
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1 Introduction

Contemporary population dynamics are increasingly shaped by climate change and natural
disasters, which simultaneously elevate populatlon exposure to environmental hazards and strain
ex1st1ng adaptation mechanisms (

). Spatial mobility has hlstorlcally been one of the prlmary strategies for
adaptmg to environmental risks (

). However, it rarely operates as an isolated response the mechamsm through which
hydrological and meteorological disasters translate into migration patterns depends heavily on the
endogenous characteristics of the affected areas, such as the degree of agrarian dependence,
income levels, population structures, and household living arrangements ( ;

; ).

Despite the intensification of international scientific discourse, the domestic literature lacks
systematic empirical research in this domain. Specifically, longitudinal studies on the migration
behavior of affected populations are absent, as are advanced econometric models capable of
isolating the net effect of climate factors frorn other explanatory variables. With few exceptions
(e.g., ), climate determinants are
not incorporated 1nto migration modelling, or the preparation of official demographic projections.
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This paper focuses on the May 2014 floods — the most severe hydrological disaster in modern
Serbian history, which caused an estimated EUR 1.7 billion in damages and threatened the
livelihoods of hundreds of thousands of households. Specifically, this study examines whether the
May 2014 floods were associated with a differential change in formally registered internal out-
migration from the flood-affected Serbian municipalities relative to non-flooded counterfactuals.
The analysis utilizes a balanced municipality-year panel dataset covering the 2009-2018 period,
employing a Difference-in-Differences (DiD) design with municipality and calendar-year fixed
effects. Furthermore, it examines whether the estimated municipality-level responses varied across
the selected pre-flood demographic and labor-market characteristics. Because the outcome variable
is an aggregate administrative measure, the analysis evaluates changes in formally registered out-
migration at the municipal level and does not identify household-level migration decisions or
underlying micro-mechanisms.

The paper poses a fundamental research question: Did the municipalities classified as flood-affected
in 2014 experience a differential change in the annual rate of formally registered internal out-
migration during the 2014-2018 period relative to the non-flooded municipalities? The results
integrate this specific case of flooding into the broader international body of empirical findings on
the impact of climate change and natural disasters on population dynamics.

The paper is organized as follows: Section 2 sets out the aspirations and capabilities framework
alongside the international empirical literature on floods and migration; Section 3 presents the data
and the DiD methodology; Section 4 outlines the baseline model results and robustness tests;
Section 5 discusses the findings within both international and local contexts; and Section 6
concludes with policy implications.

2 Environmental Degradation and Migration

2.1 From linear to mediated models

Early theoretical models — neoclassical theory and the basic push-pull concept — viewed the link
between climate change and migration as a linear dependency: climate change degrades income
sources, and the population emigrates as a result. These models work well for irreversible
processes such as sea-level rise ( ), but they do not explain population response to
sudden disasters such as floods, or to slow-onset processes such as droughts. When facing a flood, a
population primarily strives for local (1n situ) adaptation to reduce exposure (

), and permanent relocation is actlvated
as a “last line of defense only when adaptatlon — crop diversification, alternative employment,
government aid — fails to preserve the household’s economic viability.

Later frameworks, primarily NELM (New Economics of Labor Migration) and the Foresight
Framework, insist that the link between environmental factors and emigration is mediated and non-
linear ( ; ). In the medium term, through a financial
lens, environmental factors can affect contemporaneous migration responses in two ways: positive
rainfall effects can raise agricultural income and thus finance planned movement (
), while devastating floods acutely erode means of subs1stence and temporarily raise the
probability of forced internal relocation (
). At the same time, households in rural and predominantly agricultural areas
are more prone to this kind of migration, most often short-distance, toward wealthier urban centers

( ).
2.2 The aspirations and capabilities framework

This study draws on the aspirations-capabilities framework, initially formulated by Carling ( )
and subsequently refined by Carling and Schewel ( ) and De Haas ( ). The framework is
useful because flood exposure may alter incentives to migrate and the resources required to realize
migration in potentially opposite directions.

Several propositions follow from this dichotomous model that are absent from linear models. First,
a natural disaster such as a flood acts as a trigger for 1nd1v1duals with pre-existing migration
intentions, accelerating planned departure ( ). Second, for
poorer households the same factor can paradoxically reduce emigration: by depleting financial
capital, housing stock, and agricultural assets, the flood imposes tight budget constraints that
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prevent covering the costs of emigration ( ; ). This mechanism
produces the phenomenon of “trapped populations” -individuals who are hit hardest yet least able
to leave the threatened zone, thereby becoming doubly vulnerable ( ;

). Third, the framework also enables the analysis of a conscious desire to stay -
voluntary immobility - which is often neglected in the research focused exclusively on financial
possibilities ( ). “Retention” factors tied to family, local identity, and community vary
significantly by age and social group ( ; ).

The framework was developed to explain household and individual decisions. The present study
does not observe household preferences, resources, mobility constraints, destinations, or individual
migration trajectories. Municipal out-migration rates therefore represent the net aggregate result
of heterogeneous household responses. The framework is used as an interpretive lens for limited
municipality-level expectations, not as a directly tested micro-level mechanism.

Applied to Serbia, the framework motivates the expectation that municipality-level responses may
be heterogeneous. Flood exposure may be associated with higher formally registered out-migration
in some municipalities and weaker or negative aggregate responses in others. Exploratory analyses
examine whether this pattern varies with selected pre-flood demographic and labor-market
characteristics. Evidence from European flood studies makes both mobility and immobility
pathways plausible, but it cannot be assumed to transfer directly to the Serbian context (

; ).

3 Methodology

3.1 Data and variables

The study covers the period 2009-2018, which provides a five-year pre-treatment interval and a
five-year post-treatment interval to analyze the short-and medium-term consequences of the May
2014 floods. The cut-off at 2018 was introduced to reduce the influence of subsequent external
shocks, particularly the COVID-19 pandemic. The unit of analysis is the municipality-year.

The dependent variable is the annual rate of formally registered internal out-migration, expressed
as the number of persons registered as changing their permanent residence from one municipality
to another during a calendar year per 1,000 estimated residents of the municipality. The measure
captures registered changes of permanent residence rather than all residential mobility. It may
therefore undercount temporary, circular, informal, or unregistered moves, and it does not identify
the destination municipality or the household-level reasons for moving. The data on the number of
persons registered as persons changing their permanent residence and the data of estimated
residents of the municipality each year, are taken from the database of the Statistical Office of the
Republic of Serbia, the internal migration section — forms PP1 and PP2 for registration and
deregistration of permanent residence ( ).

The key independent variable is flood exposure. It is operationalized as a binary indicator in the
primary specification. Because the primary exposure measure is binary and the available intensity
information was not used as a harmonized continuous treatment measure, we do not interpret these
analyses as a dose-response test of flood severity. The flood-exposure indicator is taken from the
analysis by Pordevi¢ and Stankovic¢ ( ), who, on the basis of satellite imagery and census data
on population distribution, identified 40 municipalities affected by the flood (Sabac, Loznica,
Vladimirci, Koceljeva, Krupanj, Ljubovija, Mali Zvornik, Valjevo, Lajkovac, Ljig, Mionica, Osecina,
Ub, Jagodina, Despotovac, Paradin, Svilajnac, Cacak, Gornji Milanovac, Luéani, Lazarevac,
Obrenovac, Sur¢in, Cukarica, Kragujevac, Topola, Bajina Basta, Kosjeri¢, PoZega, Sremska
Mitrovica, Peéinci, Ruma, Sid, Varvarin, Trstenik, Kladovo, Malo Crnice, Velika Plana, Smederevska
Palanka, Kraljevo). Most treated municipalities are concentrated in the NUTS2 regions of Sumadija
and Western Serbia ( ).
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Treated territory

Figure 1. Spatial distribution of treated and control municipalities

Source: Dordevi¢ and Stankovic ( )

All demographic, socio-economic, and spatial control variables are taken from the publication
Municipalities and Regions ( ).

3.2 The Difference-in-Differences method

The primary specification is ( ):
Eit = a + B(Flood: X Postt) + 1 + At + &t (1)

Here, Eit is the rate of formally registered internal out-migration in municipality i and year t; Flood:
identifies the municipalities classified as flood-affected in 2014; Post : equals one for 2014-2018;
and A: are municipality and calendar-year fixed effects; and standard errors are clustered by
municipality. The coefficient B estimates the average differential post-2014 change in the outcome
for the flood-affected municipalities relative to the non-flooded municipalities (

).

The primary DiD model used the full balanced panel of these 40 flood-affected municipalities and
the remaining 125 municipalities in Serbia classified as non-flooded in 2014. This specification
therefore retains the complete analytical sample and estimates the average differential change in
formally registered out-migration after 2014 in the flood-affected municipalities relative to the non-
flooded municipalities. The primary specification does not include time-varying demographic,
economic, or spatial covariates, because after 2014 such variables may have themselves been
affected by flood exposure or by migration. These characteristics are used descriptively, in the

;
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construction of the matched sensitivity sample, and in separate heterogeneity analyses where
appropriate.

The parallel-trends assumption is assessed with an event-study specification using 2013 as the
reference year and with a placebo DiD restricted to 2009-2013. These diagnostics are interpreted
as compatible with, but not conclusive evidence for the parallel trends because their confidence
intervals are wide ( ).

18

17.3

2009 2010 2011 2012 2013 2014 2013

Average difference =—=Flooded  =—=TUnflooded

Figure 2. Conceptualization of the Difference-in-Differences model on the example of out-migration dynamics before and
after the flood (in %o)

3.3 Sensitivity and exploratory analyses

As a sensitivity analysis, we constructed a restricted matched comparison sample using one-to-one
optimal matching without replacement, constrained within the NUTS2 regions. The matching was
based exclusively on five pre-flood municipal characteristics: (i) mean out-migration rate during
2009-2013; (ii) the natural logarithm of estimated population in 2013; (iii) mean age in 2013; (iv)
employment per 1,000 residents in 2013; and (v) the share of utilized agricultural land in the total
municipal area in 2013. All continuous matching variables were Z-standardized before matching.
No post-2014 outcomes or covariates were used in construction of the matched sample.

We used a Hungarian-algorithm implementation to obtain the one-to-one assignment with the
minimum total Euclidean distance among eligible treated-control pairs. We imposed two pair-level
calipers: standardized Euclidean distance across the five covariates could not exceed 2.5, and the
absolute standardized difference on any individual covariate could not exceed 1.5 standard
deviations. The procedure vyielded 33 treated-control pairs. Because seven flood-affected
municipalities had no admissible non-flooded control municipality within their NUTS2 region,
estimates from this matched sample are interpreted as a restricted-sample sensitivity analysis,
rather than as the primary estimate for all flood-affected municipalities. The matched control
municipalities and complete pair assignments are reported in Appendix

To examine heterogeneity, we estimate separate interaction models in which the Flood x Post term
is interacted with each centered pre-flood municipal characteristic. These models assess whether
the aggregate post-flood change in formally registered out-migration differed by baseline
demographic structure and local labor-market conditions. They are interpreted as analyses of
municipality-level heterogeneity, not as direct tests of household-level mechanisms. Mean age in
2013 and employment per 1,000 residents in 2013 were used as pre-flood municipal vulnerability.
Mean age captures baseline demographic structure, while employment per 1,000 residents
captures local labor-market conditions. Both variables were measured before the May 2014 flood
and were therefore not affected by subsequent flood exposure or migration responses (Appendix

).

4 Results

4.1 Descriptive statistics

describes the full municipality-year panel. Across the entire sample, flood-affected and non-
flooded municipalities display broadly similar average demographic profiles. The mean age was
43.59 years in flood-affected municipalities compared to 43.29 years in non-flooded localities, while
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life expectancy was 72.50 and 71.96 years, respectively. The average shares of pre-school, school-
age, working-age, and fertile population segments were also closely aligned across both groups.
Crucially, these descriptive similarities do not establish parallel trends; the plausibility of the DiD

design is evaluated separately using pre-flood migration trajectories and event-study estimates.

Table 1. Descriptive statistics for the full municipality-year panel, 2009-2018

Indicator

Municipalities

Municipality-year observations

Estimated population
Out-migration rate
Average age

Life expectancy at birth
Pre-school population
School-age population
Working-age population
Fertile population
Utilized agricultural land
Average wages
Employed persons
Unemployed persons

Population density

Unit
municipalities
municipality-years
persons
per 1,000 residents
years
years
%

%

%

%

%

RSD
per 1,000 residents
per 1,000 residents

residents per km?

Full sample
165
1,650
43,042 (46,625)
16.99 (6.14)
43.36 (2.93)
72.09 (1.81)
6.1 (1.2)
8.0 (1.4)
66.2 (3.5)
21.1 (2.3)
58.9 (32.2)
35,559 (8,959)
224.5 (188.6)
109.9 (47.3)

419.9 (1,865.7)

Flood-affected
40
400
47,198 (42,774)
16.63 (3.59)
43.59 (1.78)
72.50 (1.34)
5.9 (0.8)
7.9 (0.7)
66.4 (2.4)
21.0 (1.5)
57.3 (21.6)
37,298 (9,763)
207.2 (63.1)
90.1 (34.4)

109.7 (171.9)

Non-flooded
125
1,250
41,712 (47,732)
17.10 (6.75)
43.29 (3.21)
71.96 (1.92)
6.1 (1.3)
8.0 (1.6)
66.1 (3.8)
21.2 (2.5)
59.4 (34.9)
35,002 (8,616)
230.1 (213.4)
116.3 (49.1)

519.2 (2,132.0)

Source: Authors’ calculations.

Several economic and spatial characteristics differ more visibly across the two categories. Flood-
affected municipalities exhibited higher average wages (37,298 versus 35,002 RSD), but lower
employment (207.2 versus 230.1 employed persons per 1,000 residents) and lower unemployment
(90.1 versus 116.3 unemployed persons per 1,000 residents). They also featured a slightly smaller
average share of utilized agricultural land (57.3% versus 59.4%) and markedly lower population
density (109.7 versus 519.2 residents per km?). These differences characterize the baseline
composition of the analytical sample; they are not interpreted as causal effects of flood exposure,
nor do they constitute sufficient evidence that the groups were strictly comparable prior to 2014.

presents the annual mean rates of formally registered internal out-migration across flood-
affected and non-flooded municipalities. Prior to the disaster, average out-migration rates were
marginally lower in the municipalities subsequently classified as flood-affected. Specifically, the
mean rate in affected areas rose from 16.71 per 1,000 residents in 2013 to 17.16 in 2014 and 17.29
in 2015, before declining in subsequent years. Non-flooded municipalities also exhibited
pronounced annual variation. Consequently, these unadjusted descriptive patterns do not, on their
own, establish a sustained differential post-flood increase in out-migration.

Table 2. Mean annual out-migration rates by treatment group, 2009-2018

Group 2009 2010 @ 2011 2012 | 2013 | 2014 | 2015 2016 | 2017 | 2018
Full sample 16.90 | 16.92 | 16.15 | 16.59 | 16.96 | 17.19 | 17.23 | 17.68 | 16.96 | 17.33
Flood-affected municipalities 16.36 | 16.54 | 1549 | 16.18 | 16.71 17.16 | 17.29 | 17.04 | 16.65 | 16.91
Non-flooded municipalities 17.07 | 17.04 | 16.36 | 16.73 | 17.04 | 17.20 | 17.21 17.89 | 17.05 | 17.46

Source: Authors’ calculations.
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4.2 Primary and matched DiD estimates
reports the static DiD estimates. The primary specification uses the full balanced panel of

40 flood-affected and 125 non-flooded municipalities (1,650 municipality-year observations), with
municipality and calendar-year fixed effects and standard errors clustered by municipality.

Table 3. Static Difference-in-Differences estimates

Specification Sample N Fixed effects Estimate 95% CI P Role
(per 1,000) value
Primary DiD: full | 40 affected; 125 Municipality + —-0.423 to Primary
sample non-flooded 1,650 year 0.239 0.901 0.480 estimate
33 affected; 33 c 1 _ .
Matphgd matched 660 Municipality + 0.807 0.044 to 0.068 Restricted
sensitivity year 1.657 sample
controls
Regional-year 40 affected; 125 Municipality + 0.124 to Regional
sensitivity non-flooded 1,650 NUTS2 X year 0.920 1.715 0.024 shocks
40 future T
Pre-flood placebo |  affected; 125 | 825 | Municipality + 0.258 —0.538t0 | 4593 | Pretrend
non-flooded year 1.053 diagnostic

Source: Authors’ calculations.

Note: Standard errors are clustered by municipality. The placebo model uses 2009-2013 and defines the placebo post-period
as 2012-2013.

In the primary model, the Flood x Post coefficient is 0.239 per 1,000 residents (95% CI: —0.423 to
0.901; p = 0.480). The estimate is positive but imprecise: the interval includes no differential
change as well as modest negative and positive effects. The full-sample analysis therefore does not
provide precise evidence of an average positive increase in registered out-migration after the
floods.

The matched-sample analysis restricts the comparison to 33 flood-affected municipalities and 33
non-flooded municipalities selected within the NUTS2 regions using five pre-flood characteristics. It
improves observed baseline comparability but changes the target population because seven flood-
affected municipalities could not be matched.

In the matched sample, the coefficient is 0.807 per 1,000 residents (95% CI: —0.044 to 1.657; p =
0.068). Although larger than the full-sample estimate, it also includes zero. The difference between
the two estimates indicates sensitivity to the construction of the counterfactual; it does not
establish that either specification is uniquely correct.

The full balanced-panel specification remains primary because it corresponds directly to the study’s
main estimate: the average differential post-2014 change across all municipalities classified as
flood-affected. The matched model is reported as a restricted-sample sensitivity analysis.

4.3 Robustness to regional annual shocks

The primary model assumes that annual shocks are common across Serbia. To relax this
assumption, the model was re-estimated with municipality and NUTS2 region-by-year fixed effects,
allowing each region to have its own annual shock. The coefficient is 0.920 per 1,000 residents
(95% CI: 0.124 to 1.715; p = 0.024), compared with 0.239 (95% CI: —0.423 to 0.901; p = 0.480) in
the primary specification.

The larger regional-year estimate indicates sensitivity to the treatment of region-specific time-
varying factors. It does not demonstrate that this specification is uniquely correct, nor does it
address local shocks or spatial spillovers within regions. It is therefore reported as a
complementary robustness analysis rather than a replacement for the primary model.

4.4 Dynamic estimates

and report the event-study estimates, with 2013 specified as the reference year.
Each coefficient measures the difference in the out-migration rate between the flood-affected and
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non-flooded municipalities in a given year relative to the corresponding difference in 2013. The pre-
flood coefficients for 2009-2012 are all negative in sign, but individually statistically
indistinguishable from zero. Their joint Wald test also does not reject the null hypothesis that the
pre-treatment coefficients are jointly zero (p = 0.718). Thus, the available data do not provide
statistical evidence that the municipalities later classified as flood-affected were already following a
different out-migration trajectory before the May 2014 floods. However, the confidence intervals
around these estimates are wide. The event study should therefore be interpreted as compatible
with, rather than as definitive proof of the parallel-trends assumption.

1. Baseline (no controls) 4  a----e- PY

2. + Population size -~  aee--- PY

3. + Number of employed persons
per 1,000 inhabitants | 77777 ®

4. + Number of unemployed persons
per 1,000 inhabitants

5. + Average wages |

6. + Agricultural land (% of total area) .-

[ ]

7. + Population per physician - s----- P

8. +SUF 4  eeeeeeeee- °

L 4

9. + Average age

10.+ Liferexpectaney: 4 @000 eeeee ®

11. + Preschool-age children
(absolute number) 4+ sm=e===sss P

12. + School-age children
(absolute number)

13. + Working-age population
(absolute number)

14. + Reproductive-age population
(absolute number)

15. + Preschool-age children (%) |  eeeeaaaaa P
16. + School-age children (%) -| - il e

17. + Working-age population (%) . PY

18. + Reproductive-age population (%)

L 2

19. + Populationdensity 4  cecee-o

20. All controls simultaneously & =

=0.6 =04 =0.2 0:0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Coefficient on Flood x Post (with 95% confidence intervals)

Statistical significance
@ <001 @p<005 ) p<0.10 4@ n.s. (not significant)

Figure 3. Event-study estimates of the differential out-migration rate relative to 2013

Table 4. Event-study estimates relative to 2013

Year Period Effect (per 1,000) 95% CI p value
2009 Pre-flood -0.384 —1.435 to 0.666 0.471
2010 Pre-flood -0.179 —1.160 to 0.802 0.719
2011 Pre-flood —0.534 —1.425 to 0.357 0.238
2012 Pre-flood -0.217 —0.846 to 0.413 0.498
2013 Reference 0 (reference) Not estimated —
2014 Flood year 0.285 —0.415 to 0.984 0.423
2015 Post-flood 0.409 —0.470 to 1.289 0.360
2016 Post-flood —0.524 —1.366 to 0.319 0.221
2017 Post-flood -0.072 —0.856 to 0.712 0.856
2018 Post-flood -0.217 —0.991 to 0.556 0.580

Source: Authors’ calculations.
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The post-flood coefficients do not show a stable or sustained pattern. The estimated relative change
is positive in 2014 (0.285 per 1,000 residents) and 2015 (0.409), but neither estimate is statistically
distinguishable from zero. The 2014 coefficient should be interpreted particularly cautiously,
because the annual migration rate includes the months preceding the May floods. The estimate
becomes negative in 2016 (—0.524) and remains close to zero in 2017 (—0.072) and 2018 (—-0.217);
again, none of these estimates excludes zero. Taken together, the dynamic results do not support an
interpretation of a precisely estimated and persistent increase in the formally registered out-
migration throughout the 2014-2018 period. They are compatible with a possible short-run increase
immediately after the flood, but the annual data do not provide sufficiently precise evidence to
establish either the magnitude or the persistence of that response.

4.5 Exploratory heterogeneity

The exploratory heterogeneity analyses suggest that the estimated municipality-level association
between flood exposure and formally registered out-migration may vary with pre-flood demographic
structure and local labor-market conditions ( ). The interaction with mean age in 2013 was
negative (—1.073 per 1,000 residents per standard deviation; 95% CI: —2.100 to —0.046; p =
0.041), indicating that the estimated Flood x Post association was smaller in municipalities with a
higher baseline mean age. The estimated marginal effect was 1.358 per 1,000 residents in
municipalities one standard deviation below the mean age (95% CI: 0.229 to 2.488), 0.285 at the
mean (95% CI: —0.350 to 0.921), and —0.788 one standard deviation above the mean (95% CI:
—2.068 to 0.493). Thus, the estimates are compatible with a more positive aggregate post-flood
migration response in relatively younger municipalities, but they do not establish a negative
response in older municipalities.

Table 5. Exploratory heterogeneity by pre-flood municipal characteristics

Moderator Triple interaction DiD effect at DiD effect at DiD effect at +1
(95% CI; p value) -1SD mean SD
(95% CI) (95% CI) (95% CI)
Mean age in 2013 -1.073 0.285
1.358 —0.788
(one SD) (—2.100 to —0.046; p = (=0.350 to
0.041) (0.229 to 2.488) 0.921) (—2.068 to 0.493)
Employment per 1,000 residents 1.650 —1.281 0.370 2.020
in 2013 (0.008 to 3.292; p = : (-0.313 to :
(one SD) 0.049) (—2.868 to 0.307) 1.052) (0.072 to 3.967)

Source: Authors’ calculations.

Note: Separate models. All effects are per 1,000 residents; 95% confidence intervals are shown in parentheses. Standard
errors are clustered by municipality.

The interaction with employment per 1,000 residents in 2013 was positive (1.650 per 1,000
residents per standard deviation; 95% CI: 0.008 to 3.292; p = 0.049), indicating that the estimated
Flood x Post association was larger in municipalities with higher baseline employment. The
estimated marginal effects were —1.281 per 1,000 residents at one standard deviation below the
mean employment level (95% CI: —2.868 to 0.307), 0.370 at the mean (95% CI: —0.313 to 1.052),
and 2.020 one standard deviation above the mean (95% CI: 0.072 to 3.967). This pattern is
compatible with variation in aggregate municipal responses across baseline labor-market
conditions. It does not demonstrate that households in high-employment municipalities had greater
resources to migrate, nor that lower-employment municipalities experienced trapped populations.

These findings are exploratory. The interaction estimates are nominally significant but borderline,
the marginal confidence intervals are wide, and the analyses examine only two moderators in a
limited number of treated municipalities. They should therefore be interpreted as possible
heterogeneity in municipality-level responses, not as robust evidence of causal moderation or
household-level migration mechanisms.

5 Discussion

The results provide a cautious and mixed picture of the relationship between the 2014 floods and
registered internal out-migration in Serbia. The primary DiD estimate is positive, but it is not
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sufficiently precise to rule out no average differential change. The matched comparison produces a
larger estimate, but its confidence interval also includes zero. By contrast, the model allowing the
NUTS2 regions to have separate year-specific shocks produces a positive and statistically
distinguishable estimate. These differences do not establish that one specification is correct and the
others are wrong. Rather, they show that the estimated average association depends on the
construction of the comparison group and on how regional changes over time are modeled.

This pattern is consistent with the broader literature on environmental change and migration,
which does not support a simple expectation that disasters invariably produce more out-migration.
Environmental shocks may disrupt livelihoods and housing, creating stronger incentives to move. At
the same time, the same shock may reduce income, damage assets, and constrain the resources
required for relocation. The net result can therefore differ across populations and settings (

). The present results cannot distinguish these
Channels but they are compatlble with the possibility that different municipal responses offset one
another in the overall average.

The event-study estimates add an important temporal perspective. They do not show a statistically
detectable difference in migration dynamics between the future flood-affected and the non-flooded
municipalities before 2014. The placebo analysis leads to the same conclusion. However, the pre-
treatment confidence intervals are wide, so these tests should not be read as proving that the
parallel-trends assumption holds. After 2014, the estimated association is positive in 2014 and
2015, but it is not precisely estimated and does not persist through 2016-2018. This means that the
available annual data do not support the claim of a sustained increase in formally registered out-
migration after the floods.

The fact that the 2014 outcome includes months before the May floods also requires caution in
interpreting the first post-flood coefficient. Any immediate migration response is likely to be only
partly captured in the annual rate for 2014. More generally, the outcome measures changes in
registered permanent residence. It does not capture temporary displacement, circular mobility,
unregistered moves, or short-term household strategies. This distinction matters, because post-
disaster mobility may take several forms, including temporary relocation and local adaptation,
before it appears as a permanent administrative change of residence ( ;

; ).

The exploratory heterogeneity analysis suggests that estimated municipal responses may vary
depending on the pre-flood demographic structure and local labor-market conditions. The
association is smaller in municipalities with a higher mean age and larger in municipalities with
higher baseline employment. These patterns are broadly compatible with the aspirations-
capabilities perspective: the resources and constraints that existed before a shock may shape the
scope for migration after it. However, this interpretation must remain limited. The interaction
estimates are borderline, their marginal confidence intervals are wide, and municipality-level
indicators cannot reveal whether individual households had the resources, desire, or opportunity to
move. The results therefore indicate possible heterogeneity in aggregate municipal responses, not a
test of household-level mechanisms ( ; ; ).

The sensitivity to regional year effects deserves particular attention. Flood-affected municipalities
are spatially concentrated, especially in Sumadija and Western Serbia. Allowing each NUTS2 region
to have its own annual shock may capture regional labor-market developments, recovery
conditions, infrastructure changes, or other time-varying factors that are not common across the
country. At the same time, regional year fixed effects do not fully resolve spatial dependence or
possible spillovers into nearby control municipalities. A future analysis using documented municipal
adjacency, geographical distances, or a harmonized continuous flood-exposure measure could
examine these issues more directly. Such extensions would improve the distinction between direct
flood exposure, regional shocks, and spatially connected migration responses.

The study nevertheless makes a wuseful contribution by documenting what the available
administrative municipal panel can and cannot establish. The evidence does not support a uniform
and robust average increase in the registered out-migration across all flood-affected municipalities.
It instead points to uncertainty around the average effect, sensitivity to plausible specifications, and
possible differences across the pre-flood municipal conditions. This is substantively important for
policy: recovery and demographic planning should not assume that all flood-affected municipalities
respond in the same way. Policies designed around local recovery, housing, labor-market conditions,
and the needs of populations with limited mobility may be more appropriate than a single
migration-focused response ( ; ).
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6 Conclusion

This study examined whether the May 2014 floods were associated with a differential change in
formally registered internal out-migration from flood-affected municipalities in Serbia. Using a
balanced municipality-year panel for 2009-2018, the primary Difference-in-Differences specification
compared 40 flood-affected municipalities with 125 non-flooded municipalities, while accounting for
time-invariant municipal differences and annual shocks common to all municipalities. The primary
estimate was positive, but imprecise. It therefore does not provide a precise basis for concluding
that the floods generated an average increase in formally registered out-migration across all the
affected municipalities.

The additional analyses qualify rather than reverse this conclusion. The restricted matched-sample
analysis yielded a larger positive point estimate, but its confidence interval also included zero. The
event-study and placebo analyses did not provide statistical evidence of differential pre-treatment
changes, although their confidence intervals were wide and could not conclusively establish the
parallel-trends assumption. The post-flood event-study estimates were positive in 2014 and 2015
but were not statistically distinguishable from zero and did not show a sustained positive pattern
through 2018. By contrast, the specification with the NUTS2 region-by-year fixed effects produced
a larger positive estimate. Taken together, these results show that the estimated municipality-level
association is sensitive to the composition of the comparison group and to assumptions about
regional time-varying conditions.

The findings are consistent with the broader view that environmental shocks do not produce a
uniform migration response. Flood exposure may increase incentives to move in some settings
while simultaneously reducing the resources required for mobility in others. The exploratory
heterogeneity analyses suggest that estimated aggregate responses may differ according to pre-
flood mean age and local employment conditions. However, the interaction estimates are
borderline, the marginal confidence intervals are wide, and the analysis uses aggregate municipal
measures. These patterns should therefore not be interpreted as evidence that particular
households were either enabled or constrained to migrate.

The study also highlights important measurement and design limits. The outcome captures formally
registered changes in permanent residence, not temporary displacement, circular mobility, or
unregistered relocation. The annual value for 2014 includes months before the May floods. In
addition, municipality-clustered standard errors address serial correlation within municipalities, but
do not fully address potential spatial dependence or spillovers across nearby municipalities. The
region-by-year specification partly accommodates broad regional shocks, but it does not replace a
geographically defined spatial analysis.

The results nevertheless have practical implications for post-disaster planning. They caution against
assuming that flood exposure will necessarily produce a uniform or persistent increase in
registered out-migration. Recovery and demographic policies should consider local differences in
demographic structure, labor-market conditions, housing recovery, and the capacity of residents to
adapt in place or relocate. Future research should combine administrative municipal panels with
household-level longitudinal data, harmonized measures of flood intensity, and geographic
information on municipal proximity. Such evidence would make it possible to distinguish temporary
displacement from permanent migration, assess spatial spillovers, and test the household-level
mechanisms proposed by the aspirations-capabilities framework more directly.
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Appendix A. Matched-sample diagnostics

Table Al. Regional caliper-matched treated and control municipalities

NUTS2 region

Belgrade Region
Belgrade Region
Belgrade Region
Belgrade Region

Southern and Eastern
Serbia Region

Southern and Eastern
Serbia Region

Southern and Eastern
Serbia Region

Southern and Eastern
Serbia Region

Vojvodina Region
Vojvodina Region

Vojvodina Region

Vojvodina Region

Sumadija and Western
Serbia Region

Sumadija and Western
Serbia Region

Sumadija and Western
Serbia Region

Sumadija and Western
Serbia Region

Sumadija and Western
Serbia Region

Sumadija and Western
Serbia Region

Sumadija and Western
Serbia Region

Sumadija and Western
Serbia Region

Sumadija and Western
Serbia Region

Sumadija and Western
Serbia Region

Sumadija and Western
Serbia Region

Sumadija and Western
Serbia Region

Sumadija and Western
Serbia Region

Sumadija and Western
Serbia Region

Flood-affected

LAZAREVAC
OBRENOVAC
SURCIN
CUKARICA

KLADOVO
MALO CRNICE
SMEDEREVSKA
PALANKA

VELIKA PLANA

PECINCI
RUMA

SREMSKA
MITROVICA

SID

BAJINA BASTA
DESPOTOVAC
GORN]I
MILANOVAC
JAGODINA
KOCELJEVA
KOSJERIC
KRUPAN]

LJIG
LJUBOVIJA
LOZNICA
LUCANI

MALI ZVORNIK

MIONICA

OSECINA

Matched non-flooded
control

ZEMUN
MLADENOVAC
GROCKA
VOZDOVAC

KUCEVO

ZABARI

PETROVAC NA MLAVI

ALEKSINAC

BELA CRKVA
VRSAC

BACKA PALANKA

KOVIN

VRNJACKA BANJA
IVANJICA
CUPRIJA
ARANDELOVAC
BATOCINA
BRUS

ARILJE

NOVA VAROS
RASKA
PRIJEPOLJE
CAJETINA
PRIBQJ
CICEVAC

REKOVAC

Euclidean
distance

1.488
0.991
1.098

1.012

0.746

0.500

1.216

1.015

0.627

0.449

0.609

0.545

0.360

1.056

0.499

0.539

0.580

0.503

1.229

0.442

1.558

1.258

0.857

1.360

0.623

1.345

Largest absolute
difference (SD)

1.204
0.823
0.724

0.783

0.495

0.390

0.808

0.812

0.428

0.282
0.413
0.388

0.267

0.877

0.422

0.511

0.367

0.343

0.865

0.299

1.401

0.860

0.495

0.873

0.467

1.302
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NUTS2 region Flood-affected Matched non-flooded Euclidean Largest absolute

control distance difference (SD)
Sume}dija apd Western POZEGA ALEKSANDROVAC 0.505 0.454
Serbia Region
Sumadija and Western TOPOLA LAPOVO
Serbia Region 1.433 1.180
Sumadija and Western | UB BOGATIC
Serbia Region 0.265 0.215
Sumgdlja apd Western VALJEVO GRAD UZICE 0.651 0.520
Serbia Region
Sumgdl_]a apd Western VARVARIN KNIC 0.621 0.505
Serbia Region
Sumgdija apd Western VLADIMIRCI RACA 0.764 0.562
Serbia Region
Sumadija and Western CACAK KRUSEVAC 0.327 0.279

Serbia Region

Source: Authors’ calculations.

Note: Matching used the five pre-flood characteristics specified in Section 3.3; all pairs satisfy the stated caliper rules.

Table A2. Pre-flood balance in the matched sample

Pre-flood characteristic Absolute standardized mean difference
Mean out-migration rate, 2009-2013 0.004
Log estimated population, 2013 0.073
Mean age, 2013 0.096
Employment per 1,000 residents, 2013 0.092
Utilized agricultural land share, 2013 0.125

Source: Authors’ calculations.

Note: Values below 0.10 are often used as a descriptive balance benchmark. The agricultural-land share remains slightly
above that benchmark.
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