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Abstract

The study examines the relationship between sudden- and gradual-onset climate
events and migration, hypothesizing that this relationship is mediated by the adap-
tive capacity of affected individuals. We use survey data from regions of Cambo-
dia, Nicaragua, Peru, Uganda, and Vietnam that were affected by both types of
events with representative samples of non-migrant residents and referral samples of
migrants. Although some patterns are country-specific, the general findings indicate
that less educated and lower-income people are less likely to migrate after expo-
sure to sudden-onset climate events compared to their counterparts with higher lev-
els of education and economic resources. These results caution against sweeping
predictions that future climate-related events will be accompanied by widespread
migration.
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Introduction

Global warming will raise the frequency and intensity of extreme weather and cli-
mate events such as cyclones, floods, wildfires, or droughts IPCC SR 1.5 °C 2018).
In turn, these climate events may lead to more migration flows especially of vulner-
able populations (Rigaud et al., 2018). There is sufficient evidence for the claim that
climate-related events make it more likely that people will migrate, mostly within
their own states (e.g., Rigaud et al., 2018; Afifi et al., 2016; Foresight, 2011). For
example, under a “business-as-usual scenario,” which is characterized by high
greenhouse gas emissions and unequal development, the World Bank’s “Ground-
swell” report predicts more than 143 million internal migrants due to droughts in
Sub-Saharan Africa, South Asia, and Latin America alone by 2050 (Rigaud et al.,
2018). And Missirian and Schlenker (2017) highlight that the number of “environ-
mental refugees” seeking asylum in the EU could increase by nearly 200% by the
end of 2100.

However, a significant amount of variation persists in the migration patterns
of people affected by the same climate event (e.g., Black et al., 2011, 2013; Field
et al., 2012; Cattaneo et al., 2019; Bohra-Mishra et al., 2014, 2017; Thiede &
Gray, 2017; Gray & Wise, 2016; Thiede et al., 2016; Koubi et al., 2016a, 2016b;
Williams & Gray, 2020). While there is some evidence that migration results
from a dynamic range of interactions between climate events and individual or
household-level characteristics such as wealth or education (Bohra-Mishra et al.,
2017; Logan et al., 2016; Warner & Afifi, 2014; Warner et al., 2012), the corre-
sponding findings stem mostly from single-country analyses. For instance, while
environmental migrants in Peru are predominantly younger males, migrants are
equally distributed across gender categories in Vietnam (Warner et al., 2012).
Moreover, evidence from the USA over the past three decades points toward a
“segmented withdrawal” of populations after hurricane damage, meaning that
economically advantaged groups leave, while vulnerable populations do not have
the resources to do so (Logan et al., 2016). The research on the individual and
household-level factors, which condition the impact of climate events on migra-
tion thus remains limited (e.g., Williams & Gray, 2020; Hunter, 2018; Bohra-
Mishra et al., 2017; Baez et al., 2017; Thiede & Gray, 2017; Thiede et al., 2016;
Warner and al., 2012). Hence, there is need for more work to identify and better
understand what specific factors shape individuals’ decisions to migrate in the
presence of climatic changes—and especially under what conditions (Cattaneo
et al., 2019; Hunter, 2018; Williams & Gray, 2020; Zickgraf, 2018).

We contribute to this literature by studying how individual and household char-
acteristics condition the effect of climate change on (im-)mobility (Hunter, 2018;
McLeman & Smit, 2006; Wiegel et al., 2019). While migration clearly depends on
and is driven by the particular type of a climate event (Cattaneo et al., 2019; Koubi
et al., 2016a; Spilker et al., 2020), the impact of the latter is likely contingent on
characteristics that form individuals’ ability to cope with and adapt to climate
change (Black et al., 2011; Williams & Gray, 2020; Zickgraf, 2018). This focus
is not only relevant for the study of climate-induced migration as an adaptation
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strategy (Gemenne & Blocher, 2017), but also because it helps explaining why
some people are immobile and do not migrate in the presence of climatic changes,
while others do (Carling, 2002; Carling & Schewel, 2018; Zickgraf, 2018). The
Foresight (2011) report introduced here the concept of “trapped populations” to
describe those who are vulnerable to climatic changes but lack the means to move
(see also Black & Collyer, 2014; Ayeb-Karlsson et al., 2018).

We develop arguments on how different types of climate events and individual/
household characteristics interact in influencing intra-state migration. While most
studies center on one specific climate event (e.g., drought) or a single country, we
focus on both gradual/long-term events, e.g., droughts or salinization, and sudden/
short-term events, e.g., storms or floods, and contend that individuals have varying
capacities to adapt, which facilitate mobility in some cases, but not in others. We
empirically test our argument with survey data from five developing countries: Viet-
nam, Cambodia, Uganda, Nicaragua, and Peru. The data include both individuals
who migrated and those who stayed after experiencing specific climate events. Fur-
thermore, while most existing studies use actual climatic data in the form of, e.g.,
temperature and precipitation (Baez et al., 2017; Bohra-Mishra et al., 2017; Gray
& Wise, 2016), an important advantage of our data is that we integrate individual
perceptions of climate events with other migration-relevant determinants at the indi-
vidual and household levels to provide a comprehensive picture of the determinants
of (non-)migration (Adger et al., 2015; Hunter et al., 2015; McLeman, 2014).

Our results suggest that migration depends on both the type of the climate event
individuals experience as well as their adaptive capacity. In particular, less-educated
and poor individuals are less likely to migrate, and often are immobile in the pres-
ence of sudden/short-term climate events. This finding corroborates one of the cen-
tral messages of the Foresight (2011) report, namely that people lacking resources
to leave become immobile in areas of high vulnerability to climatic changes (see
also Black et al., 2013). This research informs the discussion about climate-change
induced migration. From a policy perspective, we caution against predictions that
climate-related events will be accompanied by widespread migration in the future.

Mobility and immobility in response to climate events

Climate change shapes individuals’ migration considerations (e.g., Adger et al.,
2018; Cattaneo et al., 2019; Hoffmann et al., 2020). In the following, we build on
this existing literature, which notes that a better understanding of environmental
influences for migration dynamics necessitates the examination of how and why
people are vulnerable to climate change, as well as the different strategies indi-
viduals develop to adapt to environmental stress (Piguet et al., 2011: 2). We, con-
sequently, argue that a useful way to gain additional insights into the relationship
between climate change and migration is to focus on the interaction between (1)
the characteristics of a climate event that make adaption more or less likely and (2)
an individual’s abilities to adapt to the impact of the particular climate event (Field
et al., 2012; Piguet et al., 2011; McLeman & Smit, 2006). More precisely, we focus
on sudden/short-term and gradual/long-term climate events (Field et al., 2012: 117),

@ Springer



Population and Environment

Path A.1:
Lo“-r —f‘> Migration more 1 mlgraflor? le?s ll.kely
capacity || likely > Potential indication of
Path A: to adapt involuntary immobility
Slow onset . s
e = Individual
(Possibility to | || Eapacivy
adapt: High) quAUers
Path_ A2 If migration indeed less
ngl_l | | Migration less likely
Gy [_:> likely -> Potential indication of
EER: voluntary immobility
in situ
Path B:
Sudden onset dividual If migration less likely for
Sont L In vicus Migration more low capacity
(Possibility to [_1 capacity does likely - Potential indication of
adapt: Low) notmatter involuntary immobility
Type of Climate Assumptions about Individual Theoretical Empirical Identification
Event Adaptive Capacity Expectations of (Im)mobility

Fig. 1 Overview of theoretical arguments

which differ in the extent to which in situ adaptation is possible. To assess an indi-
vidual’s adaptive capacity, we concentrate on her human and financial capital. From
this interplay of climate events and individual adaptive capacity, we expect to find
out more about the drivers of environmental (im-)mobility.

Figure 1 provides an overview of our theory and the corresponding empirical
expectations, which we discuss in detail below. This graph depicts how the likeli-
hood of migration should change depending on the characteristics of a climate event
(left panel) and, secondly, an individual’s adaptive capacity (two middle panels).
The figure starts on the left-hand side with the distinction between sudden/short-
term and gradual/long-term climate events that, as we argue, are associated with a
higher (slow-onset event) or lower (sudden-onset event) in situ adaptation probabil-
ity. The second and third panels then show how we conceive of the impact of indi-
vidual capacity to adapt to different climate events. The last panel on the right-hand
side summarizes the implications of our argument and under what conditions we
may treat people who have not migrated as “involuntarily immobile.”

Types of climate events

We base our theory on the argument that different types of climate events affect the
decision to migrate in diverse ways (Cattaneo et al., 2019; Koubi et al., 20164, b, c;
McLeman, 2014). We distinguish between sudden/short-term and gradual/long-term
climate events to this end (see also Field et al., 2012). Sudden/short-term climate
events, e.g., floods and storms, tend to have severe, immediate impacts on the well-
being of individuals by inflicting injuries and casualties as well as causing economic
disruption and food insecurity (Wallemacq et al., 2018). In such cases, “people must
flee from a rapid-onset environmental event to save their lives” (Warner, 2010: 405).
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Here, individuals can hardly adapt in situ and, hence, the costs of migration as an
adaptation strategy should be lower than the ones associated with staying where they
are. As a result, the “aspiration to migrate”! is high and, indeed, existing literature
shows that sudden/short-term climate events are linked to a higher probability of
migration (Cattaneo et al., 2019; Koubi et al., 2016a, 2016b).

Gradual/long-term climate events, e.g., droughts or water/soil salinity, are usually
not regarded as sufficiently extreme to trigger migration, since they have less of an
immediate impact on individuals (Adams, 2016; Farbotko et al., 2018). People are
more willing (and able) to adjust their productive strategies in the presence of grad-
ual climate events (e.g., Al-Amin et al., 2019; Jamero et al., 2017; Soglo & Nonvide,
2019) and, therefore, adaptation in situ is more likely (Field et al., 2012: 44). When
subscribing to the (anticipated) effectiveness of adaptation strategies, in general,
gradual/long-term climate events are likely to have a weaker effect on migration
compared to sudden/short-term events. In turn, slow-onset events are often associ-
ated with immobility (Cattaneo et al., 2019; Koubi et al., 2016a, 2016b).

However, not everyone suffers equally from a particular climate event, and indi-
viduals’ differentiated vulnerability to climate events thus has diverse effects on
their (im-)mobility. The level of vulnerability and, hence, whether it triggers mobil-
ity is linked to how severely people perceive events to affect their lives (Carling
& Schewel, 2018; Zickgraf, 2018).2 In line with other studies (e.g., Hunter et al.,
2015; Koubi et al., 2016a, 2016b), we assume that individuals rarely react to climate
events as measured objectively, but rather act based on their perceptions of and vul-
nerability to them (Field et al., 2012; Dessai et al., 2004; Zander & Garrett, 2020;
De Longueville et al., 2020; Koubi et al., 2016a, 2016b, 2016¢).

Taken together, this first part of our argument (first column in Fig. 1) assumes
that the type of climate event affects the ability of individuals to adapt in situ. Per-
ceived sudden/short-term events should leave little to no room for in situ adapta-
tion (path B in Fig. 1) whereas perceived gradual/long-term events likely leave much
more leeway to do so (path A in Fig. 1). Having said that, we expect these patterns
to be mediated by individual and household characteristics potentially allowing an
identification of involuntary immobility.

Individual and household factors as moderators of climate effects

Beyond the room for adaptation bestowed by a particular climate event, an individu-
al’s capacity to adapt in situ is also important for actual mobility dynamics (Carling,
2002). We argue that personal and household-level characteristics moderate the impact

! Migration “aspiration” is defined as “a conviction that migration is preferable to non-migration” (Carling
& Schewel, 2018: 946). As such, it “can take a variety of forms, from lifestyle-driven preferences to urgen-
cies to escape danger, with innumerable possibilities in between” (Carling & Schewel, 2018: 959). In the
context of climate change, we conceive migration aspirations “as urgencies to escape danger.”.

2 At the individual level, (im-)mobility is also influenced by place attachment, comfort of familiarity, fear
of the unknown, risk aversion, and family obligations (Adams, 2016; Farbotko et al., 2018; Zickgraf, 2018).
Unfortunately, we lack data to comprehensively test for these influences.
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climate perceptions have on migration (see also Carling, 2002) and that, by modeling
these interactive effects, we can better explain climate-induced migration (Baez et al.,
2017; Hunter, 2018; Piguet et al., 2011; Thiede & Gray, 2017; Zickgraf, 2018). Panels
2 and 3 in Fig. 1 summarize this part of our theory.

The range of adaptive options varies among individuals, depending on attrib-
utes such as human and financial capital (Field et al., 2012: 67). Individuals with
adequate access to resources (e.g., Black et al., 2011; Piguet et al., 2011) or educa-
tion (e.g., van der Land & Hummel, 2013) are less vulnerable to climatic changes
and, hence, more likely to adapt. Recent studies indeed find that the impact of
climatic changes on migration varies considerably among sub-populations with
respect to socio-economic indicators (Afifi et al., 2016; Baez et al., 2017; Bohra-
Mishra et al., 2017; Gray & Mueller, 2012; Gray & Wise, 2016; Thiede & Gray,
2017; Thiede et al., 2016). For instance, Bohra-Mishra et al. (2017) and Gray and
Mueller (2012) suggest that low levels of education may be an important factor
impeding climate-related migration. We submit that different climate events are
likely to induce diverse effects on the likelihood of an individual migrating given
her human (education) and financial (profession and wealth) capital. By jointly
considering the chances for adaptation in situ allowed by a certain climate event
and an individual’s adaptive capacity—as driven by her financial and human
capital—we can improve our theoretical leverage in explaining why people
migrate or not’ in the presence of climatic changes.

On one hand, we argue that sudden/short-term events inflict significant costs on
all affected people, thereby leaving, on average, little room for variation in individ-
ual adaptive capacity (Warner, 2010). As a result, we expect individual and house-
hold characteristics to play a weak role in mediating the effects of climate events on
migration in this context (path B in Fig. 1). It is precisely in the case of these sudden
climate events where we would expect to see general mobility (Cattaneo et al., 2019;
Goldbach, 2017; Warner, 2010)—irrespective of the type or degree of individual
capital. That is, following path B in Fig. 1, we expect that migration is more likely
in general, i.e., independent of individual level capacity to adapt in situ, in such a
scenario. However, if an individual’s human or financial capital is significantly asso-
ciated with a lower likelihood of mobility in the presence of such sudden/short-term
events, we argue that this can be interpreted as involuntary immobility (right-hand
side panel in Fig. 1). Consequently, if the ability to move is weakly pronounced,
migration becomes less likely regardless of the readiness (i.e., motivation) and will-
ingness to do so in the presence of a sudden climate event (Williams & Gray, 2020).

Gradual/long-term climate events, on the other hand, are initially likely to have a
smaller immediate impact, allowing people to adapt (path A in Fig. 1). Accordingly,
these events have a different impact on individuals depending on their adaptive

3 Only a few studies focus on such immobility (Zickgraf 2018; Nawrotzki & DeWaard, 2018; Bohra-
Mishra et al., 2017; Longan et al., 2016; Gray & Wise, 2016; Afifi et al., 2016; Warner & Afifi, 2014;
Gray & Mueller, 2012), suggesting that there exists some “mobility bias” in the literature (Schewel
2020). Therefore, we strive to improve current explanations by looking in more detail at the conditions
under which immobility occurs.
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capacity. For example, the influence of gradual/long-term climate events is expected
to be greater on people who primarily depend on natural and agricultural resources
for their livelihood (Thiede & Gray, 2017; Field et al., 2012). Moreover, those indi-
viduals with high adaptive capacities can make use of these capacities to adapt to
gradual/long-term climate events (Black et al., 2011; Piguet et al., 2011). That is,
although a specific climate event might bring about a certain need to leave, indi-
vidual adaptive capacity allows for adaptation in situ. In the framework of Schewel
(2020), this is considered as voluntary immobility.

Consequently, if specific types of individuals possess a higher adaptive capac-
ity, we expect these to be more likely to choose in situ adaptation over migration.
Those who lack adaptive capacity in the presence of gradual/long-term climate
events, however, should be more likely to leave. As a result, migration depends to
a great extent on individual factors in the case of gradual/long-term climate events
(following path A). This leads to the following theoretical expectations. First, people
with low capacity to adapt are more likely to migrate (path A.1 in Fig. 1). Second,
those able to adapt due to their higher capacity will stay and not migrate (path A.2
in Fig. 1). And third, if those who possess lower adaptive capacities, i.e., the less
educated and poorer individuals, are less likely to migrate in the presence of gradual/
long-term climate events, we view this as involuntary immobility. This mechanism
is illustrated in Afifi et al. (2016: 257f) who examine rainfall variability and report
that “while the most affluent residents had no need to migrate, trapped populations
were forced to cope locally with rainfall variability as they did not have resources to
facilitate migration.”

More precisely, with respect to human capital, individuals with high levels of
education should find it easier to adapt to changing climatic conditions and, thus,
gradual/long-term climate events do not significantly influence their decision to
leave. Staying, in this scenario, then indicates voluntary immobility. Note that this is
independent of the general propensity to migrate. While more educated individuals
are generally more likely to migrate, this is independent of the type of climate event
(Bohra-Mishra et al., 2017; Gray & Mueller, 2012). Hence, better educated indi-
viduals might be more likely to migrate per se; yet, in the presence of gradual/long-
term climate events, we should not observe any difference. In contrast, those with
low levels of education are likely to find it harder to adapt to gradual climate events.

With respect to financial capital, it is both the type of profession and wealth that
determine whether people stay or migrate. Gradual/long-term climate events are
more likely to have a greater impact on people who depend on natural and agricul-
tural resources for their livelihood (Thiede & Gray, 2017; Field et al., 2012). Con-
sequently, farmers and salesmen of farm/forest products may be the most likely to
leave. This implies that the opportunity cost for moving decreases and, eventually,
is relatively lower in comparison to other professions. Recent studies provide evi-
dence that climatic changes increase the likelihood of migration via a reduction in
agricultural yields in the Philippines (Bohra-Misha et al., 2017), India (Dallmann &
Millock, 2017; Viswanathan & Kumar, 2015), Pakistan (Mueller et al., 2014), and
Tanzania (Kubik & Maurel, 2016). Finally, while wealthy individuals are able to
relocate, wealth can still help them to withstand economic hardship and adapt in the
presence of long-term climate events (McLeman & Smit, 2006).
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To recap, we identify involuntary immobility in the context of sudden/short-term
climate events if certain sub-populations with low individual capacities stay, since
we generally expect a uniform reaction by all types of individuals to move in the
presence of these events (path B in Fig. 1). Similarly, in the case of gradual/long-
term events, those who are adversely affected and do possess lower adaptive capaci-
ties are less likely to migrate. This also constitutes evidence for involuntary immo-
bility (path Al in Fig. 5). However, people with stronger adaptive capacities are
better able to deal with gradual climatic changes and, hence, we observe voluntarily
immobile in this case (path A2 in Fig. 1).

Research design
Survey overview

For the empirical analysis, we use cross-sectional survey data with the individ-
ual respondent as the unit of analysis. The data include both non-migrants and
migrants who originally come from the same area experiencing a particular cli-
mate event (N=3689 of which 1835 are non-migrants and 1854 are migrants). The
individual-level surveys were conducted in five developing countries, namely Viet-
nam, Cambodia, Uganda, Nicaragua, and Peru between August 2013 and August
2014. We explicitly chose regions within each country that had experienced at least
one particular climate event classified either as sudden/short-term or gradual/long-
term event. We used the same survey instruments in each country. Interviews were
conducted face-to-face in local languages by native interviewers, lasted for about
30 min, and included both closed and open-ended questions pertaining to respond-
ents’ experience with climate events as well as personal and household informa-
tion. Table 1 gives an overview of survey locations and provides additional infor-
mation, while Table 2 presents descriptive statistics by country for all variables we
introduce in the following.

We selected these five countries as they are vulnerable to climate change and
regularly experience weather-related events (Kreft & Eckstein, 2014). The selected
countries comprise regions that have experienced different types of climate events.
In addition, these countries are located in different areas of the world (Southeast
Asia, Sub-Saharan Africa, and Central and Latin America). The rationale for this
last selection criterion is to study countries that widely differ in political and eco-
nomic systems as well as development, but are rather similar in their vulnerabil-
ity to climate change. Following these criteria, the five countries we chose provide
an ideal testing ground for our theory, while external validity is enhanced as we
demonstrate that the same relationship between climate events and migration exists
across a wider range of countries.

Based on information obtained from the EM-DAT/OFDA/CRED International
Disaster Database and archival research, we first identified relevant regions in each
survey country that are mainly characterized by one particular climate event. In
turn, we first randomly chose the departments/districts for the location of the sur-
vey and then randomly selected communes or villages in these departments/districts
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Table2 Summary statistics for each survey

Vietnam Uganda Cambodia Nicaragua Peru
Migrants 0.50 0.53 0.50 0.50 0.49
Gradual event 0.29 0.94 0.53 0.30 0.18
Sudden event 0.82 0.29 0.95 0.59 0.81
Female 0.57 0.64 0.61 0.58 0.59
Household member migrated 0.38 0.38 0.57 0.34 0.33
Age 34.30 32.88 33.02 33.50 37.48
(12.04) (8.32) (13.75) (11.86) (12.48)
Education 3.17 1.30 3.28 2.85 3.01
(0.96) (0.70) (1.45) (1.14) (1.00)
Household wealth 1.81 1.24 1.86 1.11 1.14
(0.74) (0.50) (0.67) (0.34) (0.36)
Civil servant 0.05 0.01 0.04 0.11 0.06
Business sales 0.20 0.24 0.18 0.13 0.20
Craft and trade workers 0.10 0.03 0.04 0.22 0.10
Elementary occupations 0.13 0.12 0.03 0.21 0.19
Other sources of income 0.01 0.08 0.18 0.09 0.05
Number of observations 1,200 672 600 600 617

Table entries are mean values; standard deviations for non-binary variables in parentheses

by using a grid system with random starting points in which the interviews of the
non-migrants took place. Finally, for the selection of households, from the start-
ing point, interviewers adopted the right-hand rule, skipping every second house.
In contrast, a random sampling of migrants is hardly possible, since (by definition)
they do not longer live in the same community as non-migrants. Furthermore, in the
locations they have migrated to, we do not know ex-ante whether a specific person
has migrated from the relevant areas. Hence, we relied on a snowballing or chain-
referral process to identify individuals who came from the same locations as non-
migrants, but who left their homes to live elsewhere. This sampling method is fre-
quently used in sociological studies of hidden populations (Laczko & Aghazarm,
2009). Starting points for the snowballing were obtained by asking non-migrants
and identified migrant interviewees whether they knew of any individuals who had
left their community after having experienced the same climate event(s) and did not
belong to the same household. The migrants found through this process needed to
fulfill additional criteria. Specifically, they should have migrated from the affected
regions at age 18 or older; they should not be seasonal migrants; they should be
residents of this new urban location; and they should earn their livelihood in the new
urban location.*

* That respondents should earn their livelihood in the new urban location may introduce some bias. First,
since the snow-balling procedure started with asking people in the village who chose to stay whether
they know people who left, we find migrants with ties to the village more easily than those without such
bonds. However, what this implies in terms of the age, education, or wealth structure of migrants is
uncertain, since one cannot judge this against any register of migrants (does not exist for any of the coun-
tries under investigation). Second, some migrants might have acquired their current level of education or
wealth in their new homes. However, if we only include those migrants that had left within the previous
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Estimation procedure and variables

We use multilevel logistic regression models, which are appropriate for the multi-
level survey design with a binary dependent variable. All models include country-
level and regional-level intercepts that account for the hierarchical sampling proce-
dure within countries (Gelman & Hill, 2007). Recall that while specific regions in
each of the surveyed countries were chosen deliberately, random sampling followed
below this level. To identify a general pattern, we first pool the country surveys and
estimate full models based on all countries’ data. However, to account for the fact
that individual migration profiles might differ to some extent given the various con-
ditions in the respective countries (Gray & Wise, 2016; Thiede et al., 2016; Field
et al., 2012), we also discuss the results individually for each country. Each model’s
fit is assessed via the log-likelihood values and Wald x? statistics.

The dependent variable is binary with a value of 1 if a respondent migrated
(0 for those respondents who stayed and did not migrate). Our main explanatory
variables can be grouped into exposure-related items, adaptive-capacity variables,
and interactions of these. First, to operationalize individuals’ exposure to climate
events, we follow existing scholarship and distinguish between sudden/short-term
and gradual/long-term events (Koubi et al., 2016a; Field et al., 2012; Renaud et al.,
2011; Warner, 2010). Interviewees were asked about the main weather event(s)
they had experienced during the past five years. Respondents could choose between
several weather events such as heavy rain, floods, or droughts, but could also list
any other event that was not listed in the questionnaire. We use this information to
construct the variables Sudden Event and Gradual Event, based on previous sugges-
tions to group climate-related events into such categories (e.g., Koubi et al.,2016a,
b, c; 2021; Spilker et al., 2020): the former item is about individuals’ perceptions of
short-term climate events, with values of 1 (0 otherwise) if individuals mentioned
that they had experienced heavy rain, storms, floods, hurricanes, cyclones, typhoons,
and/or landslide/mudslides in their current (if non-migrant) or previous location (if
migrant); the variable Gradual Event is about individuals’ perceptions of long-term
climate events and is coded as 1 (0 otherwise) if individuals mentioned that they had
experienced salinity, drought, or desertification in their current (if non-migrant) or
previous location (if migrant).

The timing of when an event occurred matters somewhat: we focus on period of
up to five years between the experience of climate events and migration decisions.
Our corresponding survey questions are indeed formulated along this line.’ The
five-year period was selected as correctly recalling any event occurred many more
years before the surveys were conducted would have been less likely. However, we

Footnote 4 (continued)

two years, which means that we focus on migrants who hardly had time to acquire significant new levels
of education or wealth at their new location, the results are substantively the same (see appendix).

5 Specifically, the survey questions ask: “[flrom your perspective, can you describe the main weather
event(s) that have happened here during the last 5 years? (Non-migrant) — From your perspective, can
you describe the main weather event(s) that occurred during the past five years before you left your pre-
vious residence? (Migrant).”.
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also control for the duration of the stay of non-migrants and migrants in destination
areas in a robustness check in the appendix. That is, the survey includes a question
on how long respondents have lived in each place. This variable ranges between 0
and 64 years. When re-estimating our main models with a sample of migrants who
moved to their new location no more than two years prior to our survey, the results
stay the same (Tables 6 and 7 in the appendix).

We capture respondents’ adaptive capacity via proxies for financial and human
capital that matter for an individual’s adaptive capacity: household wealth, profes-
sion, and education. The justification is that we can account for most variation in
individual adaptive capacity when choosing these proxies, and they are best com-
parable between our different country contexts (Massey, 1990; see also Nawrotzki
et al., 2015). First, there is the variable Education, which captures the human-capital
aspect. The variable is ordinally scaled and ranges between 1 and 5: the lowest value
(1) stands for no formal education, a value of 2 is assigned if a respondent received at
maximum primary education, the value of 3 pertains to secondary education at best,
the value of 4 is given for technical education, and the highest value (5) is assigned
if a respondent received post-secondary education. Second, there is an ordinally
scaled variable for wealth, which measures individuals’ financial capital (Household
Wealth). This variable denotes interviewers’ classification of a respondent’s overall
(household) economic conditions: below average income, average income, or above
average income. The coding of this variable is based on the interviewers’ observation
of the respondents’ house structure (ranging from a hut to a brick house) as well as
ownership of some durable goods, while the scale of the item(s) had been determined
before the interviews had commenced. Third, a categorical variable codes individu-
als’ Profession. Originally, the survey asked about the most important source of
household income and distinguished between ten different professions. We selected
these ten answer categories as they capture virtually all possible income sources in
the respective countries. Eventually, we focus on the most dominant categories when
distinguishing between civil servants, business sales, craft and trade workers, elemen-
tary occupations (e.g., day labor), and individuals working in the agriculture sector.
We use the latter as the baseline category and construct a series of dummy variables
based on the other categories. The categories are mutually exclusive and exhaustive.
While an individual’s profession is often seen as part of her human capital, we con-
ceive of it as financial capital as a person’s profession greatly determines her financial
resources in the countries we study.

To get to the core of our theory, namely the interplay of exposure and adaptive
capacity, we constructed multiplicative interaction terms. That is, we multiply all
exposure items with the adaptive-capacity variables. Interpreting multiplicative
interaction specifications can be challenging as their coefficients hardly allow for
a direct reading of signs and significance levels. Hence, following Brambor et al.
(2006), we estimated marginal effects for all relevant scenarios and present these in
graphical form to facilitate interpretation.

Finally, all interviewers asked a list of personal information that we use as control
variables. These items account for known differences in the probability of migration
by age, gender, and the previous migration of a family member (see Adger et al.,
2015; Hunter et al., 2015; McLeman, 2014). To this end, we include the variables
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Age (ranging from 18 to 85), Female (receiving a value of 1 for female respond-
ents, 0 otherwise), and Household Migrated (1 if a household member had migrated
before, 0 otherwise)® in our models.

Empirical results

Our main models are summarized in Tables 3 and 4. In model 1, we do not include
the adaptive-capacity variables or their interactions with the exposure items. Instead,
we solely focus on the unconditional effect of climate events on migration. Model 2
shows the interaction between human capital, measured by the item for education,
and the variables on sudden/short-term and gradual/long-term climate events. Model
3 presents the results for the financial-capital variable measured by household wealth.
And model 4 (Table 4) concentrates on the interaction of the profession-related vari-
ables and climate events. We show substantive quantities of interest in the form of
average marginal effects according to each moderating factor (Figs. 2—4).

Starting with model 1, the exposure to gradual events decreases the likelihood of
migration, while having experienced short-term events raises the chances to relo-
cate. Both variables’ coefficient estimates are statistically significant. While these
baseline effects are interesting, they ignore the influence of an interaction with the
variables that capture individuals’ capacity to adapt. We introduce these now, one at
a time in models 2—4.

The education variable, our proxy for human capital, and the corresponding inter-
actions with the exposure variables are the focus of model 2. We see that the coef-
ficient for education in model 2 is positively signed and statistically significant, sug-
gesting that more educated individuals are more likely to migrate. But how does this
interact with the variables for gradual and sudden events? Both interaction terms are
positively signed and statistically significant in model 2, but a direct interpretation is
difficult based on coefficients alone (see Brambor et al., 2006). Figure 2 depicts the
impact of gradual/long-term (left panel) and sudden/short-term climate events (right
panel) given different levels of education in the form of average marginal effects. It
is evident that the significant impact of either climate event on migration is depend-
ent on an individual’s education. The perception of gradual/long-term climate events
decreases the probability of migration only for individuals with low levels of educa-
tion. In contrast, more educated people are linked to insignificant average marginal
effects. Hence, education offsets the negative impact stemming from gradual events.
These results provide some evidence that involuntary immobility exists: in line with
our Fig. 1, we expect that those with lower capacities to adapt in situ are more likely
to migrate (Path A.1). Further note that individuals are only more likely to migrate
in the presence of sudden/short-term climate events given at least a “moderate” level
of education (where the education variable receives a value of 3 or higher). How-
ever, assuming a mostly uniform necessity to migrate in the presence of sudden/
short-term events, one would expect all individuals to have a similarly heightened

% The question in the survey asks: “[u]p until now, have members of your household left temporarily or
permanently for other places or even abroad?”.
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Table 3 Multilevel logistic regression models of migration for residents of climate event-affected regions
of Vietnam, Cambodia, Uganda, Nicaragua, and Peru

Model 1 Model 2 Model 3
Gradual event —0.61%* — 1.37%* -0.48
(0.10) 0.29) 0.27)
Sudden event 0.39%* —-0.44 —1.04%*
(0.11) (0.26) (0.28)
Female 0.09 0.22% 0.30%*
(0.08) (0.09) (0.09)
Household member migrated 0.41%* 0.37%* 0.37%*
(0.08) (0.09) (0.09)
Age —0.09%* —0.06%* —0.06%*
(0.00) (0.00) (0.00)
Education 0.32%*
(0.06)
Gradual event*education 0.25%%*
(0.09)
Sudden event*education 0.32%%*
(0.09)
Household wealth 0.22
(0.19)
Gradual event* household wealth 0.06
(0.16)
Sudden event* household wealth 0.87%*
0.19)
Constant 2.84%% 1.18 143
(0.48) 0.73) (0.65)
Observations 3625 3614 3125
Number of groups (variance) — country 5(0.19) 5(1.44) 5(0.84)
Number of groups (variance) — district 27 (4.33) 27 (3.97) 27 (4.01)
Log likelihood —1917.37 —1797.52 —1535.54
Wald x? 533.43%* 637.21%* 381.95%%*

Table entries are coefficients from multilevel logistic regression models with country level and district
level random effects; standard errors in parentheses; * p <0.05; ** p<0.01

likelihood to move (path B in Fig. 1). As this is not the case for those with the lowest
level of education, this finding is again indicative of involuntary immobility.

We continue with a respondent’s financial capital endowment, i.e., model 3.
Only the interaction coefficient with the sudden-event variable is significant (posi-
tively signed). Again, though, as an interpretation based on coefficients is challeng-
ing, we shift our focus to Fig. 3. With regard to sudden events, individuals com-
ing from poor households are estimated to have a significantly lower likelihood to
migrate in the presence of sudden/short-term climate events (right panel). Having
expected a higher likelihood of migration irrespective of individual and household
characteristics in the aftermath of a sudden-onset climate event, our empirical result
again supports an interpretation in line with involuntary immobility. This finding
is in line with path B in Fig. 1. Interestingly, in the presence of gradual/long-term
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Table 4 Multilevel logistic

regression models of migration
for residents of climate events-

affected regions of Vietnam,

Cambodia, Uganda, Nicaragua,

and Peru: profession-related
variables

Model 4
Gradual event —0.68%*
(0.14)
Sudden event 0.54*
(0.16)
Female 0.12
(0.09)
Household member migrated 0.41%**
(0.09)
Age —0.08%*
(0.00)
Civil servant -1.32
(0.43)
Civil servant*sudden event 0.59
(0.45)
Civil servant*gradual event 1.18%
(0.44)
Business sales —-0.61
0.27)
Business sales*sudden event 0.18
0.27)
Business sales*gradual event -0.14
(0.25)
Craft and trade workers —1.05%*
0.32)
Craft and trade*sudden event -0.53
(0.34)
Craft and trade*gradual event 0.38
(0.34)
Elementary occupation -0.19
0.29)
Elementary*sudden event -0.72%
(0.30)
Elementary*gradual event —-0.27
(0.28)
Other sources of income 0.39
0.47)
Other sources*sudden event -0.70
(0.53)
Other sources*gradual event —1.39%
(0.55)
Constant 3.14
(0.46)
Observations 3,477
Log likelihood —1,791.06
Wald x* 571.93%x
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Table 4 (continued) Table entries are coefficients from multilevel logistic regression
models with country level and district level random effects; standard
errors in parentheses; number of groups at state level: 5 (variance
estimate of 0.00); number of groups at district level: 27 (variance
estimate of 4.29); * p <0.05; ** p<0.01

climate events, there is hardly any evidence for a substantive interaction (left panel
in Fig. 3). Ultimately, a genuine conditional effect only materializes in the presence
of sudden/short-term climate events.

We also analyze the various occupations and how the corresponding individuals
react in the presence of gradual/long-term vs. sudden/short-term climate events. We
summarize the results in model 4 (Table 4) and provide the various marginal effect
plots in Fig. 4. Generally, the results provide a somewhat mixed picture. For exam-
ple, individuals in elementary occupations are less likely to migrate in the presence
of sudden/short-term climate events. However, this must not necessarily mean that
these individuals are immobile, since people employed in the industry or the con-
struction sector might simply not want to lose their job. In addition, it could also be
that these individuals are the most likely to find jobs when reconstruction/rebuilding
starts after a climate event (Halliday, 2006; Mueller & Quisumbing, 2012). Simi-
larly, the insignificant findings for those owning their own business or living from
sales might stem from the fact that they own property and, thus, do not have a real
opportunity to move while the latter are more mobile to start with.

Regarding the control variables, our regression results show that females, younger
individuals, and people with a household member who had migrated before are
more likely to relocate. This is demonstrated by the significant effects of the coeffi-
cients for the female variable (positive coefficient, although not significant in model
1), the item for the previous migration of a family member (positive and significant
coefficient), and the age item (negative and significant coefficient).

We also consider the effect human and financial capital on migration individually
for each country. Table 5 provides an overview of the results, showing that migration
patterns in the five countries differ to some extent. For example, in both Peru and
Uganda, individuals from poor households are less likely to migrate in the presence
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Fig.2 The impact of climate events conditional on education
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of either climate event, which is consistent with the expectations expressed in paths
A and B in Fig. 1 as well as the notion of involuntary immobility beyond individuals’
adaptive capacity. In Nicaragua, conversely, individuals from poor households are
more likely to migrate in the presence of climate events. The same applies to respond-
ents in Cambodia in the presence of gradual events. These patterns go against the
moderating influence we would expect according to path A in Fig. 1. In terms of the
education item and its interaction with the climate events variables, the positive effect

J Effectof Gradual Event
01

jnal Effect of Sudden Event
01

age Margi
00

werage Marginal Efect of Gradual Event
00

A
01
P
01
2
2

Civi Servant Givil Servant Business Sales

010

005

00

000

Effects of Gracual Event

205
Average Marginal Efects of Gradual Event

01
Average Margin

.10

02
02

Graft and Trade Workers. Craft and Trade Workers. Elementary Occupations Elementary Occupations

o100
=
|
|
|
|
|
|
|
|
|
|
I
I
|
I
I
|
|
E.

0100

—=
|
|
|
|
|
1
|
|
|
|
|
I
|
|
|
|
L

o2

Average Marginal Effects of Sudden Event

03

0
04

Othar Sources of Income. Other Sourcas of Income

Fig.4 Conditional effect plots by occupation categories

@ Springer



Population and Environment

QyeIS1W 0) A[YI] 2I0W 1004

Q1eIZIW 0) ATOYI[ SSI S[OAJ] WINIPAWL YIIM S[ENPIAIPU]
QreISiw 03 A[YI] SS9 1004

RISTW 0) ATONI] QIOW S[OAI] MO[ LM S[ENPIAIPU]
eIt 0) AJoNI] SS9 Jood

QOUAIAYIP JUBOYIUSIS ON

QueIS1w 0) A[YI] 2I0W 1004

Q1eISTW 0) AT SSO S[OAS] WNIPAW Y)IM S[ENPIAIPU]
QOURIRJIP JUBIYIUSIS ON

91eI3Tw 0) AT SSI S[OAJ] MO[ [JIM S[enpIAIPU

QreIS1W 0) A[YI] 2I0W 1004

QOUIRJJIP JUBSYIUSIS ON

Sre1Siw 03 A[YI] SS9 1004

QJRISIW 0) AT SSI[ S[OAJ] YSIY UM S[enpIAIpUL
eIt 0y AJNI] SSI[ Jood

QJRISIW 0] AT SSI[ S[OAJ] WNIPAW 1M S[ENPIAIPU]
Q0UATIOAU0D ON

QOUQZIAUOD ON

QOUQIRJJIP JUBOYIUSIS ON

9eISTW 01 ATOYI] QIOW S[OAS] MO[ IIM S[ENPIAIPU]

YI]P2M PlOYaSNOE
uonnINpg
YI]P2M plOYaSNOE
uonvINpg
Y1]paM pjoYasnogy
uonvINpg
Y1]pam pjoyasnogy
uonvINpg
Y1]DaM pjoyasnog]
uonpPINPT

engeIedIN

niog

epuesn

BIpOqUIED)

WEUOIA

SJUAJ [ENpeIs)

SJUIAJ UAPPNS

Kyoeded oandepe AQ UOTRISIW UO SJUIAQ AJBWI[D JO S109JJ0 SUIAIRA 9Y) JO MITAIOAQ § d[qel

pringer

As



Population and Environment

on migration we identified generally across all countries (model 2 in Table 3 and
Fig. 2) materializes in Vietnam (gradual events), Nicaragua, and Cambodia (medium
levels of education and gradual events only), as well as Uganda (medium levels of
education and sudden events only). In Peru (gradual events, path A in Fig. 1) and
Vietnam (sudden events, path B in Fig. 1), we actually obtain evidence for patterns
going against the general effect, namely that less educated individuals are more likely
to relocate. Ultimately, this disaggregation exercise suggests that general patterns
may vary across country contexts, highlighting that our general model may have to be
somewhat refined if we focus on a single country one at a time.

Conclusion

Our study is novel in providing a theoretical framework and empirical analysis linking
individuals’ adaptive capacity and the context of different climate events to their pro-
pensity to migrate within different country contexts. Generally, our findings provide
evidence that less educated and lower-income people are less likely to migrate after
exposure to sudden-onset climate events compared to their counterparts with higher
levels of education and economic resources. This mechanism, as outlined in path B of
Fig. 1, underlines the need to be cautious of sweeping predictions as expressed in the
recent “Groundswell” report that millions of people will move within their countries
due to climatic changes, in particular droughts (Rigaud et al., 2018). Although expo-
sure to climate-related events can trigger migration, mobility depends on both the
type of the climate event individuals experience and their adaptive capacity.

This research highlights that the differentiated constraints on migration ability
are important for actual migration behavior, since lacking human and financial cap-
ital seems to be a prime reason for immobility in the presence of climatic changes
(see also Carling & Schewel, 2018; Fussell, 2018; Bohra-Mishra et al., 2017;
Thiede et al., 2016; Gray & Mueller, 2012). For example, individuals with a low
level of education are less likely to migrate when facing any type of climate event.
Similarly, low-income individuals are much more likely to stay in the presence of
both types of climate events. This is mainly worrisome in the case of sudden/short-
term climate events (path B in Fig. 1), where we expect to see a “uniformly” high
rate to migrate. Finally, we find that agricultural workers are more likely to relo-
cate, but those with elementary, i.e., mainly day-to-day jobs, tend to stay.

According to our work, while future climatic changes might force people to move
from vulnerable places, affected individuals possessing the least capacity to adapt to/
cope with climate change might be immobile. Subsequently, national and international
efforts must improve the supply of humanitarian aid to areas affected by short-term cli-
mate events and, at the same time, increase the financial and technical support for effec-
tive adaptation to long-term climate events, minimizing thus the necessity to move.

Given that climate change is expected to act as a poverty multiplier (Hallegatte
& Rozenberg, 2017; Rigaud et al., 2018; Schwerdtle et al., 2018), future research
should further examine the conditions that lead to the (im-)mobility of vulnera-
ble populations, arguably along the conceptual framework suggested by Schewel
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(2020) and Carling and Schewel (2018). In addition, we could study how political
marginalization as well as cultural beliefs and barriers influence the inability to
move in the face of climatic changes (e.g., Zickgraf, 2019). Third, our sampling
strategy to rely on snowballing for the identification of migrants might have intro-
duced some biases that are hard to control post hoc. Future research may strive to
improve on our efforts to interview both migrants and non-migrants if this research
was conducted in places with official registry of internal migrants. Finally, we did
not directly ask our respondents to state whether they would desire to migrate. In
reference to the conceptual account by Black et al. (2011), it is, however, pivotal to
identify this sub-group in order to assess comprehensively “trapped” populations.

Appendix
Table 6 Multi-Level Regression Model 1 Model 2
Models — Subsample of
Respondents Living in Place up Gradual Event .53 2040
to Two Years ©.51) 0.43)
Sudden Event 0.39 -0.36
0.58) 0.48)
Female 0.32% 0.35%
0.14) (0.15)
Household Member Migrated 0.34* 0.23
(0.14) (0.16)
Age -0.10%* -0.10%*
(0.01) (0.01)
Education 0.427%%*
(0.16)
Gradual Event*Education 0.65%%*
(0.15)
Sudden Event*Education 0.09
0.17)
Household Wealth 1.15%*
(0.34)
Gradual Event* Household Wealth 0.11
0.24)
Sudden Event* Household Wealth 0.51
(0.32)
Constant 1.23 -1.63
(0.73) (1.21)
Observations 2,329 2,193
Log Likelihood -743.89 -634.23
Wald x? 399.77%* 252.41%*

Table entries are coefficients from multilevel logistic regression
models with country level and district level random effects; standard
errors in parentheses.

# p<0.05; ** p<0.01.
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Table 7 Multi-Level Regression

. . Model 3 Model 4
Models — Binary Indicators for
Wealth and Education Gradual Event _0.82% 2028
0.12) (0.15)
Sudden Event 0.36%* -0.16
0.12) (0.14)
Female 0.19% 0.30%*
(0.09) (0.09)
Household Member Migrated 0.37%* 0.36%*
(0.09) (0.10)
Age -0.07** -0.07**
(0.00) (0.00)
Education Binary 1.244%*
(0.28)
Gradual Event*Education 1.19%*
0.27)
Sudden Event*Education 0.14
(0.29)
Household Wealth Binary 0.46
(0.25)
Gradual Event* Household Wealth 0.23
0.21)
Sudden Event* Household Wealth 1.07%*
(0.25)
Constant 2.01%* 1.63%*
(0.56) (0.60)
Observations 3,614 3,125
Log Likelihood -1,783.25 -1,542.60
Wald x? 656.61%* 372.12%%

Table entries are coefficients from multilevel logistic regression
models with country level and district level random effects; standard
errors in parentheses.

* p<0.05; ** p<0.01.
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Fig.5. The Impact of Climate Events Conditional on Education or Household Panels show average mar-
ginal effects (solid line) based on the same specification as in Model 1 in Table A.1 (top row) or Model
2 in Table A.1 (bottom row), but with only those migrants who came to their new location within the
previous two years. The graphs are based on a multiplicative specification, while all other variables are
held at their mean values. Vertical bars pertain to 95 percent confidence intervals using the method in
Schenker and Gentleman (2001). Horizontal red line marks average marginal effect of 0. Numerical values
of Education stand for: (1) no formal education, (2) primary school, (3) secondary school, (4) technical
school, (5) post-secondary school. Numerical values of Household Wealth stand for: (1) below average,
(2) at average, (3) above average.
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