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Abstract

Previous research has linked increasing climate-change-related variability to Mexico-US
migration, but only under particular climatic/social conditions and periods of high irregular
migration. Using the 2000 and 2010 Mexican censuses, we examine this environment-migration
nexus across a broader set of socioecological contexts and during periods of both increasing
(1995-1999) and declining (2005-2009) migration. Consistent with the notion that climate can
“trap” populations in place, we find that frequent/severe bouts of hot or dry conditions are
associated with lower US-bound migration from most of rural Mexico. However, we do find
higher climate outmigration during episodes hot and dry climate, or out of places with lower
vulnerability. Our comparisons across periods suggest that climate migration is affected by
conditions in the U.S. in a similar or slightly weaker manner as other forms of migration are.
Altogether, our findings suggest that rural Mexico is unlikely to push large numbers of
international “climate refugees” and that climate migration is indeed sensitive to conditions in
sending and destination areas.
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Climate change has raised average temperatures across the world (IPCC 2013), largely
through increases in atmospheric greenhouse gas emissions produced (within our
outsourced) by the Global North (Bindoff 2013, Caney 2010). As part of these changes,
rainfall has also declined in drier regions, including much of the plateau and highlands of
Mexico (IPCC 2014), this study’s regional focus. With changing trends in temperature and
precipitation, climatic variability is also expected to increase, which will be accompanied by
more severe and frequent weather events (Hoerling and Kumar 2003, IPCC 2014,
McGranahan et al. 2007). This outlook includes rapid-onset occurrences, like hurricanes or
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floods, as well as slower-onset episodes such as droughts, the focus of this paper and an
important environmental stressor in much of Mexico (e.g., Ibarraran et al. 2010).

Increasing temperatures and rainfall variability challenge local livelihoods and community
development in large part because they also take place in the midst of important political-
economic shifts (O’Brien and Leichenko 2000). In addition to rising exposure to
environmental stress, individuals, families, and communities (in rural areas in particular) are
increasingly sensitive to the changing climate owing not only to the cumulative effects of
this exposure, but also to social and economic factors (see Adger 2006). Like many other
developing nations, the Mexican political economy has been dramatically restructured over
the last three decades. The country’s primary sectors were liberalized in the 1990s in several
ways, including a reduction of public support for small-scale primary sector market activities
(in both subsidies and credit availability, see De Janvry et al. 1995) and a gradual but
complete opening of domestic agricultural markets under the North American Free Trade
Agreement (Zepeda et al. 2009). Not unexpectedly, these structural shifts weakened local
rural livelihoods (Nevins 2007, Weisbrot et al. 2014), thereby making many residents more
vulnerable to climatic stress.

Individuals, families, and communities generally cope with environmental change and other
types of economic shocks using a suite of /n situ mechanisms such as switching crops or
primary activities, selling cattle, obtaining public assistance, or coming up with alternative
sources of income (see, e.g., Liverman 1990, Eakin 2006). However, economic crises
afflicting Mexico during much of the 1980s and part of the 1990s (Lustig 1990, Gonzélez de
la Rocha 2001), paired with the liberalization onslaught described above and the historical
inefficiency of the Mexican countryside (due to deep-seated historical processes of
exclusion, e.g., Hart 1989) may have cumulatively strained the adaptive capacity of many
rural Mexicans too much for far too long (Eakin 2005, Nevins 2007).

In theory, ex situ responses include different kinds of rural population mobility—most
notably temporary moves by family members to urban labor markets. Migration can be used
to replace or complement /n situ coping mechanisms, and thus suggests that households
using it may have higher adaptive capacity or, perhaps, lower sensitivity than nonmigrant
households (Eakin 2005, Hunter et al. 2015). Indeed, research around the developing world
points out that environment-related mobility tends to be internal (Henry et al. 2004) and of
relatively short distance (Massey et al. 2010). This is because international migration—
perhaps especially irregular flows—is costly and risky, and therefore may not be feasible in
the immediate aftermath of losses related to environmental stress (Nawrotzki and DeWaard
2016), especially in settings or households with higher sensitivity or lower adaptive capacity.

While scholars generally agree that climate change is unlikely to result in massive numbers
of international “climate refugees” (Bardsley and Hugo 2010, Black et al. 2011, Gemenne
2011), the Mexican case presents an interesting test of the circumstances in which climate-
related migration may occur. Rural communities across the country have firmly established,
longstanding connections to US labor markets, with international movement from the
migration heartland in the Central-West and North dating back a century, and that from rural
areas in the South and East reaching back at least three decades (Durand et al. 2001, Durand
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and Massey 2003). Because these connections greatly facilitate international movement
(Massey and Riosmena 2010), particularly out of rural areas (Fussell and Massey 2004),
international migration may be a likely response to climatic variability in areas of rural
Mexico well-connected to U.S. locales and labor markets.

Indeed, recent scholarship focused on rural Mexico has found drought-like conditions to be
associated with higher US migration under specific conditions. These conditions vary
somewhat across studies, in part perhaps because studies have examined different time
periods, used different rainfall measures, and examined regions with different climate and
migration regimes (cf. Barrios Puente et al. 2015, Feng and Oppenheimer 2012, Hunter et al.
2013, Leyk et al. 2017, Nawrotzki et al. 2016a, Nawrotzki et al. 2015a, Nawrotzki et al.
2013, Nawrotzki et al. 2015Db). Yet, the existing literature documents some associations
between environment and international migration from Mexico to the United States, but also
demonstrates that these associations are highly situated, and perhaps in need of even more
systematic exploration.

We build on earlier work in three ways. First, in addition to estimating the average
association between climatic variability and US migration across the Mexican rural territory,
we examine whether the effects of environmental exposure are modulated by the sensitivity
and adaptive capacity of sending areas, measured respectively by their levels of
socioeconomic marginalization and the strength of their international migrant networks.
Second, using data from both 2000 and 2010 Mexican censuses, we examine a broader set of
conditions—particularly, those prevalent in US destinations—than have most previous
studies. More specifically, our inclusion of both censuses allows us to study regularities and
compare the “effects” of climatic variability on migration between the apex of the so-called
Great Mexican Emigration Era in the late 1990s (Hanson and Mclintosh 2010) and its
apparent end in the mid-late part of the 2000s decade (Hanson et al. 2017, Passel and Cohn
2012, Villarreal 2014), a period of declining irregular migration driven by poor economic
conditions in the US (related to the Housing Market Bust and its resulting Global Financial
Crisis) and, to a lesser extent, the tightening of border and internal immigration enforcement
controls (Villarreal 2014). Finally, we use measures of climatic variability based on data of
finer spatial and, to a lesser extent, temporal resolution than did most previous work, and
explore interactions between temperature and precipitation to better characterize drought-
like conditions.

Previous research and scholarship

Climate variability, natural capital shocks, and vulnerability

Intense weather events affect livelihoods in areas that depend highly on natural resources/the
primary sector (McLeman and Hunter 2010). Extreme, rapid-onset events, such as storms,
floods, and mudslides, can damage property and dislocate livelihoods in ways that can
displace (Hunter et al. 2015) or “trap” people in place (see Foresight 2011). While slower-
onset events such as droughts do not necessarily force immediate displacement, they can
have serious economic and social effects. Most clearly, droughts lower moisture intake and
storage in soils and vegetation, leading to significant reductions in foraging materials, crop
yields, and livestock survival (de Sherbinin et al. 2011, Sanchez Cohen et al. 2013, Goldman
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and Riosmena 2013). These deficits challenge sustenance and can substantially reduce
income, particularly in places without effective crop insurance, like much of the developing
world (e.g., Giné et al. 2008).

Households and communities adapt to these events through a variety of /n situ coping
strategies, such as switching to more drought-resistant crops or breeds, or otherwise
reducing dependency on natural capital, through public transfers, investment of resources in
nonprimary activities, or local employment less dependent on natural resources (see, e.g.,
Eakin 2006). However, /n situ adaptive capacity is generally limited by various forms of
social vulnerability affecting individuals and communities. With low investment capacity or
low access to capital markets, limited local employment in nonprimary sectors, and
inadequate public aid programs, households may increasingly resort to ex sifu adaptation
strategies requiring different forms of mobility/migration (for more detailed discussions, see
McLeman and Hunter 2010, Nawrotzki and DeWaard 2016).

According to the New Economics of Labor Migration theory (Massey et al. 1993), which
has been found to be consistent with the motivations of many rural Mexicans to migrate
internationally (e.g., Lindstrom 1996, Massey and Espinosa 1997), households send a
member to another (usually more urban) labor market in anticipation of or response to
(climate) shocks. Before unfavorable weather events ensue, the reallocation of household
labor can help spread the risk of potential crop failure by smoothing household consumption
patterns over time through the use of savings generated from market labor when natural
capital is scarce (Stark and Bloom 1985, for an empirical test, see Dillon et al. 2011).

While climatic variation may stimulate some forms of spatial mobility, it may “discourage”
others or trap populations altogether (Foresight 2011). Most studies on rural areas of the
Global South suggest that climate-related movement is often spatially limited. In particular,
much of the research on the effects of drought (or perceptions of drought) on migration has
found an association between rainfall shifts/variability and short-distance, often circular
moves within national borders (e.g., Findley 1994, Gray and Mueller 2011, Henry et al.
2004, Massey et al. 2010). Some of these studies find a negative association of climatic
variability (e.g., droughts) with longer-distance mobility (Massey et al. 2010), or with
international migration in particular (Henry et al. 2004). Partly on the basis of this body of
empirical research, scholars have rejected the notion that climate change will create massive
international displacement and millions of so-called climate refugees. Thus, with the
possible exception of inhabitants of small island nations likely to disappear or severely
recede with rising sea levels, experts agree that climate change is unlikely to spawn a large
number of international migrants (for overviews and forecasts, see Bardsley and Hugo 2010,
Black et al. 2011, Gemenne 2011).

Yet, under some conditions, well-established international migrant networks—Iike those
between Mexico and the United States, established more than a century ago and operating
almost uninterruptedly for the last seventy-five years—could represent an exception to these
patterns (see Bardsley and Hugo 2010). Indeed, several studies have found a positive
association between climatic variability (or its effects) and US-bound migration out of rural
Mexico, at least under particular climatic, social, or economic conditions. Some of these

Popul Dev Rev. Author manuscript; available in PMC 2019 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Riosmena et al.

Page 5

studies have used retrospective migration modules in Mexican census long-form and mid-
decade enumeration surveys, which document the international outmigration of any
household member during the five years before interview (and which we use in this paper;
see the methods section for a detailed description). In their study using state-level census
and climate and land use data, Feng and Oppenheimer (2012) found that environmentally
induced crop yield decreases were associated with higher US-bound migration from rural
areas in 1995-2000. However, this relationship only held in the 16 most rural state after
Feng and Oppenheimer controlled for unobserved characteristics that vary over time. Indeed,
these results suggest that the clearest (positive) link between environmental/climate change
and international migration may operate primarily in communities most vulnerable to
climate change (or through an agricultural/rural pathway, see also Nawrotzki et al. 2015a).
More importantly perhaps, these results suggest that the effect of climatic variability on
migration is contingent on conditions in sending or destination areas not directly observed in
Feng and Oppenheimer’s study.

Other studies—including some with a more robust set of controls, or controlling for time
fixed effects—have indeed found a positive association between rainfall deficits and
Mexico-US migration. But, again, these associations only hold in particular contexts or
circumstances. Using household-level migration in the 2000 Mexican census long-form
survey and state-level historical precipitation data, Nawrotzki and colleagues (2013) found
an association between rainfall deficits in 1994-1999 (relative to 1988-1993 as a baseline)
and international outmigration in 1995-2000, but only in historically dry rural areas of the
country. Likewise, using 2010 Census data and rainfall data estimated from satellite imagery,
Leyk et al. (Forthcoming) show that lower rainfall than expected given historical patterns
using a rough approximation based on a classification of climate zones is associated with
higher international migration in municipalities with lower irrigation coverage and thus more
sensitive to climate shocks. We build on Nawrotzki et al.’s study by using finer-resolution
data on rainfall and'temperature and by controlling for crop irrigation levels and
municipality crop mix as a further measure of sensitivity to climate stress. We also depart
from both Nawrotzki et al. (2013) and Leyk et al. (2017) by using a more conventional long-
term “climate normal” 30-year mean as the point of comparison. Finally, by comparing
results from two different censuses when US conditions differed somewhat, we can partly
control for (unobserved) characteristics in ways that these and other studies using one census
did not, or at least assess if the climate-migration nexus changed considerably between the
apex and end of the “Great Mexican Emigration” Era.

Other research, using data from the Mexican Migration Project (MMP) (Massey et al. 1987,
Massey et al. 2002, Massey and Pren 2012), a 154 Mexican communities surveyed at one
(and only one point) since 1982, also suggests that environmentally induced Mexico-US
migration is taking place in particular contexts. Using retrospective data collected in 66 rural
communities by the MMP between 1987 and 2005, Hunter and colleagues (2013) found that
state-level rainfall deficits led to higher US migration in communities in the historical
heartland of Mexico-US migration, in Central-Western Mexico (see Durand et al. 2001).l
We build on Hunter et al.’s study by using nationally representative data to assess whether
the rainfall-migration association varies with the community’s past level of emigration and
by examining both rainfall and temperature variability. Finally, our study also improves on
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studies by Nawrotzki et al. (2013) and Hunter et al. (2014) by controlling for the level of
irrigation in farmlands in the municipality of residence; by using more spatially refined
environmental measures; and by controlling for irrigation levels and the crop mix in the
municipality.

Additional work by Nawrotzki and colleagues (Nawrotzki and DeWaard 2016, Nawrotzki et
al. 2015a, Nawrotzki et al. 2015b, Nawrotzki et al. 2016a), mostly examining the post-IRCA
20t Century (1986-1999), and which includes the rise and peak of the “Great Mexican
Emigration” Era, paints a mixed picture of the association between climate and migration.
Using fine-grained climate data, NawrotzKki et al. (2015b) constructed 15 indicators of high
and low temperatures, precipitation extremes, and other forms of variability, and examined
their association with the first and last US move out of sampled households. While there
were significant associations between migration and eight of the fifteen indicators, these
relationships were not always consistent with a heat wave/drought-migration (or flood-
migration) nexus. Nawrotzki and colleagues did indeed find positive associations between
migration and three of these measures, namely warm spell durations, coldest day
temperature, and wet spell durations. However, they found negative associations with
percent of cool days, number of days with very heavy precipitation, maximum 5-day
precipitation, total wet-day precipitation, and dry spell durations (Nawrotzki et al.: Table 4).
This suggests nonlinearities in the climate-migration relationship (see also Nawrotzki et al.
2013, Bohra-Mishra et al. 2014), which we take into account in our analyses by examining
relative temperature (rainfall) above (below) particular thresholds, and by examining
variation in the impacts of climate on migration across different municipalities according to
their socioeconomic and migration intensity levels.

Also using MMP data for 1986-1999 and high-resolution climate data, Nawrotzki and
colleagues (2015a) found that two indicators, the maximum warm and wet spell durations,
were associated with higher US migration, but only out of rural areas, especially from places
more dependent on agriculture for male employment. Likewise, using MMP data, Nawrotzki
and Dewaard (2016) found a positive association between maximum warm spell duration
and US migration after controlling for time fixed effects and municipality random effects.
Notably, these positive associations could last up to six years after a particularly negative
climate event.

The positive results for warm spell duration and the negative results for dry spell duration
are especially relevant for this paper, which also examines both temperature and
precipitation. While the indicator of migration we use in this paper (at any point in the five
years prior to the Census) does not have the same temporal resolution as that used by
Nawrotzki and colleagues, which indicates the specific year in which people migrated, and
our municipal migrant network indicator does not have as fine a spatial resolution as
Nawrotzki et al.’s locality-specific migration prevalence, the Census is nationally
representative and thus includes a wider range of emigration conditions than in the MMP.

This association remained after they controlled for socioeconomic characteristics of household and communities as well as state and
year fixed effects. In addition, using an earlier version of the MMP database collected only in Central-Western Mexico, Munshi (2003)
used rainfall shocks as an (effective) instrumental variable to estimate the effect of exogenous changes in the size of migrant networks
on the wages of Mexican migrants in the United States.
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Because of our use of the 2010 Census in particular, our study also better reflects more
recent migration from Mexico—both at its historical peak and during the beginning of a
substantial slowdown that persists until today (see Passel and Cohn 2012, Passel and Cohn
2016).

Sensitivity, adaptive capacity, and the geography of environmentally induced flows

International migration—both legal and more surreptitious forms—is costly, and thus may
not be a feasible strategy for coping with negative climate effects for many households,
particularly the most vulnerable ones. Despite the fact that movement may indeed take place
under particularly dire climate conditions (Nawrotzki et al. 2013) or in places with higher
sensitivity to climate change (Leyk et al. 2017), (international) mobility could be a response
to increasing climate variability in households and communities with a higher capacity to
cope (or even with lower sensitivity to climate change given their lower reliance on natural
capital) may. In their cross-national analysis of the association between temperature and
migration across several nations, Cattaneo and Peri (2016) find that rural migration (towards
both urban domestic and international locations) was a more common and a stronger
response to warmer temperatures in middle-income than in poor countries. We build on
Cattaneo and Peri’s work by examining intranational heterogeneity in the mediating
“effects” of place.

Following this logic, we expect a positive association between climate and international
migration in places with lower sensitivity and/or higher adaptive capacity. Because the
marginalization levels of a community are likely associated with higher sensitivity and lower
adaptive capacity (see Eakin et al. 2009), operationally this implies a stronger positive
association between climatic stress and international migration (adaptation) in places with
less marginalization as a proxy for lower sensitivity or higher adaptive capacity.

The accumulation of acts of migration may also create transnational social spaces that link
destinations and sending areas, alter the social fabric of (sending) communities in ways that
could mediate the climate-migration relationship. Indeed, a large number of rural Mexican
communities have a longstanding history of migration to the United States dating back
between one and three generations (Durand et al. 2001, Durand and Massey 2003), and in
which networks of prior US migrants have facilitated the international movement of fellow
community members (Fussell and Massey 2004, Lindstrom and Lopez-Ramirez 2010,
Massey and Aysa-Lastra 2011, Massey and Riosmena 2010).2 By keeping otherwise costly
migration as a viable option to cope with climate or other economic shocks, migrant
networks could be improving the adaptive capacity of households and communities (Eakin
2005).

Prior research finds mixed evidence of the “amplification” of the climate-migration
relationship. As discussed before, consistent with the idea that networks may facilitate

2The original development of these networks, often by forces no longer in play for contemporary flows, can in turn influence the
geography of migrant destinations and produce “specialization” of migrant flows in internal vs. international destinations in response
to similar economic conditions (Lindstrom & Lauster 2001). In Mexican communities, such forces include labor recruitment efforts by
US employers and—more intermittently—US and Mexican governments in the early and mid-twentieth centuries (Calavita 1992;
Durand & Arias 2005).
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climate-related migration, Hunter et al. (2013) only find a positive association between
rainfall deficits and US migration in MMP communities located in the traditional heartland
of US migration in the Central-West, but not in other parts of Mexico. On the other hand,
also using MMP, Nawrotzki et al. (2015) find that climate-migration relationships (both
negative and positive) are weaker in community-years with higher migration prevalence,
suggesting a “suppression” of the climate-migration relationship perhaps driven by the fact
that remittances from migration may improve local capacity to cope with climate change,
reducing the need for migration during times of environmental stress. Using a broader set of
migration and socioeconomic conditions and a robust measure of migration intensity, we
assess whether climatic variability has a stronger/weaker effect in places with higher/lower
migration.

Environmentally induced migration at the apex and (likely) end of the Great Mexican
Emigration Era

Undocumented Mexican migration peaked during the late 1990s and the early 2000s, and
experienced a very sizable decline beginning around 2006 (Passel et al. 2012, Passel and
Cohn 2016).The high point of Mexico — US migration (see Figure 1a) was likely due to a
confluence of favorable labor demand in sectors of the US economy employing immigrants
(Kandel and Parrado 2005), economic uncertainty in much of urban Mexico in the mid-late
1990s (Garip 2017), and poor conditions in the Mexican countryside after NAFTA (Nevins
2007); all of which were facilitated by large/dense active migrant networks (Massey and
Riosmena 2010). As latent, root causes of the slowdown (see Figures 1b and 1c) scholars
have identified demographic factors, such as increasingly smaller cohorts of Mexicans
entering the labor force and the second-round effects of this slowdown on the economy (see
Hanson and Mclntosh 2010), and more stable economic prospects and/or network
maturation in traditional sending areas (e.g.,Burkham 2014). Yet, even if the decline is
related to these secular changes, it was also clearly accelerated by the poor job market
conditions in the US following the real estate and financial market crash of 2007 (Villarreal
2014). As also examined by Villarreal (2014), the increasingly-increasing rise in US border
and interior immigration enforcement over the last decade also had a nontrivial if more
minor role.

As discussed in the vulnerability and adaptation literature (e.g., Eakin 2006), the association
between climatic variability and migration is highly dependent on context. Thus, our use of
the international outmigration modules included in the 2000 and 2010 Mexican Census
long-form surveys —roughly covering the 1995-1999 and 2005-2009 periods— allows for the
study continuity and changes in the climate-migration relationship during radically different
contexts in Mexico and, especially, the United States. The comparison of two periods with
such different migration conditions thus provides a unique opportunity to examine the extent
to which somewhat different economic, social, and policy conditions may mediate
environmental effects on migration.

Popul Dev Rev. Author manuscript; available in PMC 2019 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Riosmena et al.

Page 9

Data and methods

The core data set employed for this analysis combines Mexican census data with high-
resolution climate data, both obtained via the Terra Populus (TerraPop) extract system
(Kugler 2015, MPC 2013, Nawrotzki et al. 2016b). The migration, demographic, and
socioeconomic data available through TerraPop originate from the 2000 and 2010 Mexican
census long form, collected by the /nstituto Nacional de Estadistica y Geografia (INEGI)
and further harmonized by IPUMS International (MPC 2015a; Ruggles et al. 2003). We
employed a 1.0% extract—a density commonly used in these types of analyses (e.g.,
Nawrotzki et al. 2013). On the assumption that environmental factors are more likely to
affect residents in rural areas dependent on agriculture, ranching, or other climate-dependent
activities (Mueller et al. 2014), we restricted our analysis to localities with fewer than 15,000
individuals. Most studies have used the official rural threshold of 2,500 inhabitants; we aim
to include larger areas still heavily dependent on primary sector activities. Our selection
yielded an analytic sample of 110,343 and 194,947 households for 2000 and 2010,
respectively.

TerraPop allows linking various environmental data to census records up to its finest-
resolution administrative level (the municipality in the public release of the census
microdata). We use a gridded time series of high-resolution (0.5°, or 55km x 55km) monthly
temperature (min, max) and precipitation readings generated by the Climate Research Unit
(CRU) at the University of East Anglia (Harris et al. 2014). In addition, we linked a nhumber
of publicly available data sources to the core data set to obtain information on the
municipality’s migration intensity, marginalization, irrigation type and crops planted, as well
as state-level changes in GDP, described in detail below.

Outcome variable

The census long form included a section on international migration, in which respondents
were asked whether any current or past member of the household had moved abroad during
the five years before the interview. Though this measure clearly does not cover the
emigration of whole households out of the country (see Hamilton and Savinar), Mexican
migration has historically followed a sequential pattern in which one household member
(often the household head) moves first for labor purposes and is followed by others after a
few years (Cerrutti and Massey 2001, Hondagneu-Sotelo 1994). Further, this measure has
the advantage of capturing not only the initial movement of specific members but also that
of recurrent or “circular” migrants who returned to Mexico but emigrated again.3 While it is
not possible to identify an individual’s country of destination in the IPUMS public release,
the United States is by far the most common international destination of rural Mexicans.
We therefore use the terms international and US-bound migration interchangeably.

3Asitis less likely that environmental change is affecting US-bound moves for the purpose of family reunification, which imply the
relocation of an entire household from the sending community, we deem the omission of these individuals to be only mildly
problematic for our purposes. That is, we expect our measures to capture most kinds of migration used as adaptation to slow-onset
environmental change, though we cannot rule out the possibility that our estimates may understate that adaptation.

According to data from the 100% sample of the 2010 Mexican census (available for table queries at http://www.inegi.org.mx/est/
lista_cubos/consulta.aspx?p=pob&c=1, last consulted December 17, 2016). An estimated 384,088 individuals moved from an
international location to a rural place in Mexico in 2005-2009, with 311,580 of them coming from the United States. The estimate of
the proportion of return migrants coming from the United States varies between 81% and 94% depending on what one is willing to
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Because migration decisions usually engage other family members (Cohen 2004,
Hondagneu-Sotelo 1994, Taylor 1999), we study whether households sent at least one
migrant abroad during the five years preceding the census round. Persons who left the
country for vacation, temporary work assignments by their Mexico-based employers, visits
to relatives, or other reasons that did not entail a change of residence were not considered
migrants. As Table 1 shows, 5.3% of households had at least one member moving to an
international destination between 2005 and the 2010 census date, centered on June 12. This
is a sizable reduction from the 8.2% of households that sent a member to an international
destination between 1995 and the 2000 census date in mid-February, reflecting the
slowdown mentioned above (Passel and Cohn 2016, Passel et al. 2012). As Figure 1c¢ shows,
while decline occurred throughout most of the country, the most dramatic reductions
occurred in traditional migrant-sending regions in the Central-West and Central-North along
the western Sierra Madre (cf. Figure 1a).

Environmental exposure

Our analytical focus is the impact of climate variability on US migration. As Table 1 shows,
the average maximum temperature in Mexico during 1960-1990— a period used in the
climatological literature to represent “climate normal” conditions (Arguez and Vose 2011)—
was 27.4 °C (81.3 °F). To further assess whether migration is related to warming, we
estimated the difference between this climate normal and the temperature during the 6 years
preceding the 2000 and 2010 census dates (hereafter, the “observation periods”) to allow for
a lag between environmental shocks and migration (see Nawrotzki and DeWaard 2016). The
average Mexican municipality experienced nontrivial warming relative to its climate normal,
with maximum temperatures increasing 0.7 °C and 0.8 °C in the observation periods. As for
precipitation, the average Mexican municipality received an average of 93 mm of rain per
month during the climate normal period, experiencing a moderate average decline of 1.7
mm/month in 1994-2000 and a moderate average increase of 3.1 mm/month in 2004-2010.

Even when experiencing slightly above-average rainfall in 2004-2010, many Mexican
municipalities experienced sizable declines in precipitation during some months within each
observation period, with even larger shares of municipalities experiencing sizable
temperature increases than rainfall declines. To assess both the frequency and the severity of
this exposure, we used the monthly maximum temperatures to determine the percent of
observation period months in which the average maximum temperature of a municipality
surpassed the 30-year average maximum temperature by 1-1.99 and by 2 or more standard
deviations (Nawrotzki and Bakhtsiyarava 2016). Henceforth, we refer to rainfall/temperature
measures of 1 to 2 standard deviations below/above the climate normal mean as “severe”
and those of 2+ standard deviations as “more severe.”

As Table 1 shows, Mexican municipalities experienced average maximum temperatures 1—
1.99 standard deviations above their local climate-normal mean in 26% and 31% of the

months in the observation period in 1994-2000 and 2004-2010, respectively. In addition to
these nontrivial bouts of severe weather, municipalities experienced an additional 8.1% and

assume about the 46,246 individuals for whom there are no data on the country they returned from; it would be as low as 81% only if
we assumed that none of those 46,246 had lived in the US.
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7.6% of months with average maximum temperatures at least 2 standard deviations above
the climate normal, a substantial exposure to more serious climate extremes. The Northwest
and Central parts of the country experienced some of the most extended episodes of severe
and more severe heat in 2000 (see Figures 2a and 2c), while the North-Central, Central, and
Eastern portions of the country experienced higher-frequency episodes (see Figures 2b and
2d).

The Mexican territory experienced less prolonged periods of more severe drought. On
average, precipitation was 1-1.99 standard deviations below the climate-normal average in
roughly 13% and 10% of months in 1994-2000 and 2004-2010, respectively. As Figure 3a
illustrates, most of the Northern border and most of the East experienced a higher frequency
of severe droughts in 2000. In 2010, fewer municipalities experienced frequent severe
droughts, and those that did were clustered along the southern portion of the Gulf of Mexico
Coast, along with some in the Central-West and some in the northern border.

Only 0.7% and 0.4% of months were characterized by rainfall 2 or more standard deviations
below the long-term mean. In 2000, these “more severe” rainfall deficits were concentrated
in clusters around the Sonora-Chihuahua border in the Northwest; Jalisco, Nayarit, and
Colima in the Central-West; and the northern portions of Oaxaca and Chiapas along with
Southern Tabasco and Southeastern Veracruz in the South (see Figure 3c). In 2010, the more
severe drought occurred in the same Central-Western region, with less frequent episodes in
the southern region described above (see Figure 3d).

Modulators of exposure: sensitivity and adaptive capacity

Table 1 also shows descriptive statistics of several sociodemographic characteristics that
other studies of the environment-migration nexus and of Mexico-US migration suggest may
mediate the climate-migration association. To account for the municipality’s social
vulnerability (a combination of sensitivity and adaptive capacity), we employ a
marginalization index developed by the Mexican National Population Council for 2000 and
2010 separately (see CONAPO 2011). This measure is a normalized index based on
principal components analysis of nine different socioeconomic indicators derived from the
census. Like any z-score metric, the index is designed to have a mean of 0 and a standard
deviation of 1.

To further control for sensitivity, we also estimated the sector diversity of local labor
markets. Rural places where employment is largely dependent on a few primary sector
activities may be especially sensitive to climate because people lack alternative income and
employment options. Thus, following Hamilton and Villarreal (2011), we calculated an
index of employment in 18 different economic sectors. The index ranges from 0 (full
concentration in one economic sector) to 1 (equal shares of employment in each of the 18
sectors), with a stable average of 0.66—0.67 across censuses. Even though we focus on the

SThese indicators are the percent of the population in the municipality (1) over age 15 who do not know how to read or write; (2) over
age 15 without completed primary schooling; (3) living in dwellings without sewage or in-home toilet; (4) living in dwellings without
electrical energy; (5) living in dwellings without piped water; and (6) living in dwellings with dirt floors; as well as (7) the percent of
overcrowded dwellings; (8) the percent of the economically active, occupied population with an income of two times the minimum
wage or less; and (9) the percent of the municipal population living in localities with fewer than 5,000 inhabitants.
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population living in small localities, these could be located near urban areas (Hamilton and
Villarreal 2011) that may provide resources and alternative employment opportunities in
sectors less sensitive to climatic variability. To proxy access to this urban infrastructure, we
use the percentage of urban land in the municipality, using data on MODIS urban extent
classifications available through TerraPop for 2000. Since, smaller, more rural locales in
Mexico are increasingly located in remote areas, only 1% of these municipalities’ areas had
considerable built-up (i.e., impervious surfaces).

Given that climate effects on migration dynamics operate largely through impacts on the
agricultural sector (Feng and Oppenheimer 2012, Mastrorillo et al. 2016, Mueller et al.
2014, Nawrotzki et al. 2015a), we include a number of control variables aimed at capturing
farming activities in each municipality. Because irrigation infrastructure is key to guarding
against adverse drought effects (Gutmann and Field 2010), we used a measure of the
percentage of farmland irrigated, computed from information on hectares of irrigated and
rainfed planted surface available from the Mexican agricultural census for the years 2004—
2009 (INEGI 2012a). Because there are no data available for a similar period in the 1990s,
we assume time-invariance in the measure and used it for 1994-1999. On average, only
roughly a fifth of the municipal farmland represented in our data was irrigated. Because
crops vary in climate sensitivity, i.e., corn is less sensitive to temperature variability than
soy, and to precipitation variability than either soy or wheat (see Lobell and Field 2007), we
also included measures of the area planted with corn, wheat, and soybeans, the three primary
crops in Mexico, constructed by the Global Landscape Initiative and available through
IPUMS-TerraPop. Overall, the extent of corn production was at least 10 times greater than
that of wheat and soy.

Finally, we include a measure of the extent of transnational migrant networks in sending
areas. Established migrant networks count among the strongest factors influencing the
probability of migration (Fussell and Massey 2004, Massey et al. 2010, Massey and
Riosmena 2010). To measure these connections, we used the international migration
intensity indices developed by CONAPO (2012), a composite standardized measure
constructed in a similar fashion to the marginalization index above, in this case based on the
percentage of households in the municipality sending or receiving at least one international
migrant in the five years preceding the census (including circular migrants leaving and
returning within the period), as well as the percentage of households receiving remittances
from abroad.

Other controls

To avoid confounding the influence of climate variability with economic fluctuations in
Mexico not caused by climate, we control for the change in state-level gross domestic
product (GDP) during our observation window. Using data obtained from INEGI (2012a),
we calculated the inflation-adjusted percentage growth in GDP for each year in reference to
the preceding year, averaged across the 6-year period preceding the census round (i.e.,
1994-1999-2004-2009).6

Finally, we control for the household’s life course stage and socioeconomic conditions. We
use two measures of life-cycle stage to reflect differential human capital resources and needs
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across households (e.g., Riosmena 2009). Age of the household head is used as a general
proxy for family life-cycle stage (VanWey et al. 2007). Nurturing activities may tie human
capital to the household, and we reflect this by including a measure of its number of young
children (age < 5 years). We further capture human capital by including the years of
schooling of the household head. Studies often find lower levels of education among
international migrants from Mexico, although this education selection is relatively weak
(Rendall and Parker 2014).

We also include other measures of the household’s socioeconomic standing. One of the main
motivations for sending a migrant abroad is to increase the household’s financial well-being
by escaping liquidity constraints, often in response to both poor labor market opportunities
and capital and insurance market failures (Stark and Bloom 1985). We attempt to capture
this general motivation by including measures of household income and the percentage of
adult household members employed. Because the income distribution was skewed, we log
transformed this variable before using it in the multivariate models. To account for the
dependence of a household’s financial wellbeing on climate-sensitive sectors (cf., Mueller et
al. 2014), we included a measure that captures the percentage of household members
employed in the primary sector (agriculture and forestry).

To control for the household’s physical capital, we use information on home ownership and
dwelling characteristics. Using a procedure similar to that of (Mberu 2006), we measure
dwelling quality (e.g., floor and roof material), possession of household amenities (e.g.,
refrigerator, TV, washer, cars), and access to services (e.g., sewage collection, type of water
supply) with a normalized index based on 13 items (Cronbach’s alpha = 0.87).

Estimation strategy

Because migration is a social phenomenon that is influenced by factors operating at multiple
scales, we employ hierarchical modeling. In addition to adjusting for clustering, our
multilevel models also take into account differences in sample sizes at different levels and
heteroscedastic error terms (Luke 2004). Multilevel models are particularly well suited for
the study of population-environment interactions, in which aggregate-level effects (e.g.,
climate) are used to predict household-level outcomes (e.g., migration), and are frequently
used in this field (e.g., Fussell et al. 2014, Hunter et al. 2013, Nawrotzki et al. 2013). We
predict the odds of an international move for the #7 household in the /% municipality located

m..
in the & state during census period t (mijky) using the logit link function Okt = loge(li)

T Mkt

Okt = by + bl(temijkt) + b2(tempMSjkt) + b3(preciijkt) + b4(precipMSjk[) 1)

y
+ ann(xz) + Ujg +v+w,

6ina preliminary analysis, we constructed a measure for the distance to the Mexico-US border. However, this measure proved to be
uncorrelated with migration probabilities, because the core migrant sending areas are concentrated in the Central-West of Mexico
rather than in the border regions (Durand et al. 2001; Hamilton and Villarreal 2011).
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In equation 1, the parameter by constitutes the conventional intercept and reflects the average
probability of sending an international migrant to the United States. The effect of severe (S =
1-1.99 SD) and more severe (MS = 2+ SD) temperature and precipitation effects on
international migration are captured by coefficients b;to b, All models control for the effect
(b,) of nto ysociodemographic and spatial characteristics (x;), which may influence
migration patterns at the household (//k), the municipality (jk), or the state (k) level during
each census period (#). The models include municipality (¢j) random intercept terms and
state-level fixed effects (v4), which allow for the estimation of a different migration
propensity for each unit within an aggregation level. While we generally pooled 2000 and
2010 census data and added period fixed effects (1), we tested for the extent of the climate-
migration relationship and the role of modulators like marginalization and migration
intensity in stratified models, discussed later.

The effect of environmental stress on migration

Table 2 shows results from multilevel models applied to pooled 2000-2010 data, in which
we gradually introduce controls for the social and economic vulnerability of places. All
“effects” in the figure are presented as standardized coefficients, which allows for
assessment of the general order of magnitude of climate variables as compared to
socioeconomic indicators. In our base Model I, we include basic household-level controls as
well as measures for the two temperature and two precipitation climate extremes (plus
municipal random effects present in all models). In addition, we include two-way
interactions between temperature and precipitation extremes of similar severity (i.e., 1-1.99
or 2+ standard deviations, centering these variables in all cases to facilitate interpretation of
the interactions) to better characterize drought-like conditions, in which low rainfall is
compounded by high temperatures through higher evapotranspiration rates (Diffenbaugh et
al. 2015). Subsequent models include controls for different forms of sensitivity and adaptive
capacity, in addition to state fixed effects. All models include census period fixed effects and
municipal random effects.

First, it is important to point out that the “effects” of our climate variables are considerably
smaller than the implied effect of social and economic conditions in the household (e.g.,
asset index, schooling of the household head) and the municipality (most notably, the
migration intensity index). However, the climate-migration associations in the analyses are
far from being trivial. Regardless of the model examined, our estimates suggest that
international migration is—on average—Iess likely during times of severe —but not #he most
severe— environmental stress. These “effects” are nontrivial: an increase of 1 standard
deviation in the percentage of months with 1-1.99 standard deviations of below-normal
precipitation is associated with half a standard deviation decrease in the probability of
international migration. While extreme precipitation shortages are less common than
extremes in higher temperatures (as Table 1 shows), their “effect” on migration is stronger in
the sense that an increase of one standard deviation in the percent of months with 1-1.99 or
2+ standard deviations of precipitation below climate normal implies a larger decrease in
migration than does a similar increase in above-normal temperatures. In addition, as
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illustrated in Figures 4a and 4b, note that severe heat and drought interact to suppress
migration even more than would the sum of their separate effects (see Figures 4a and 4b).

Figures 4c and 4d show similar results for very severe high temperatures and rainfall deficits
respectively. These results suggest that, while rural Mexicans were in general less likely to
migrate to the United States during either the most severe relative increases in temperature
orthe most severe relative decreases in rainfall, they were indeed more prone to migrate in
places experiencing very severe heat and drought conditions. As is evident in all models in
Table 2, especially those controlling for socioeconomic conditions (111-V111), a higher
frequency of more severe temperature increases in places that also had more severe rainfall
deficits implied a higher likelihood of migration (see Figure 4c). Likewise, more frequent
episodes of more severe rainfall deficits were associated with higher US migration in places
with above-median bouts of more severe temperature increases (see Figure 4d).

The modulating roles of sensitivity and adaptive capacity

Thus far, our results suggest that US migration is a particularly costly venture during times
of environmental stress, but that extremely dire environmental conditions may motivate
people to emigrate abroad (see also Nawrotzki et al. 2013). In addition, the environment-
migration nexus—perhaps particularly in the case of costlier forms of (international, long-
distance) movement—is likely to be contingent on social and economic contexts. To test this
assertion more systematically than most prior studies had, Table 3 shows results from
models presenting interactions between (A) climate extremes and the municipal
marginalization index (models A.lI- A.l11), and (B) climate extremes and the municipal
migration intensity index (models B.I-B.II1). Models A.l and B.l show two-way interactions
between each of our four climate extreme measures and marginalization and migration
intensity, respectively. Models A.1l and B.II are identical to A.l and B.1, except for the
addition of two-way interactions between severe or more severe rainfall and precipitation
frequency measures (as in all models presented in Table 2). Finally, Models A.111 and B.1II
add three-way interactions between temperature, precipitation, and marginalization and
migration intensity, respectively (in all models, all variables were centered at their mean to
facilitate interpretation of their coefficients). In general, the addition of the two-way or
three-way interactions did not change the climate-marginalization or climate-migration
intensity relationships, so we discuss these in general terms.

First of all, these results highlight that social and economic conditions do seem to modulate
the relationship between climate stress and migration: except for the most severe (2+ SDs)
temperature increases, all interactions between climate and marginalization, or between
climate and migration intensity, are statistically significant. In the case of precipitation
extremes (both severe and most severe), this means that US migration may be a response to
poor rainfall among people living in areas with lower local sensitivity or higher adaptive
capacity. This is illustrated in Figures 5a-5d (all derived from Model A.l11l in Table 3),
where we present results of models with interactions between marginalization levels and (a)
severe and (b) most severe rainfall declines as well as interactions between recent local
migration intensity levels and (c) severe and (d) most severe rainfall deficits. All these
figures show that drought-like conditions increase migration only in the least marginalized
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places (around the 101 percentile of the municipal marginalization distribution), or in
municipalities with the strongest transnational migrant networks (around the 90t percentile
of the migration intensity distribution). Virtually everywhere else, severe and most severe
rainfall deficits are associated with lower US-bound migration, as indicated by the other two
lines in each graph, representing the median and 90t (10t percentile of the marginalization
(migration intensity) distribution.

In sharp contrast, a higher frequency of severe heat is associated with (slightly) higher US
migration only in places with higher sensitivity or lower adaptive capacity. Figures 6a and
6b show that a higher percentage of months with severe increases in temperature is
associated with higher migration in the most marginalized municipalities (those around the
90t™ percentile; see Figure 6a) or in those with the lowest recent migration intensity (those in
the 10™ percentile; see Figure 6b). Indeed, as both figures also show, in municipalities with
lower marginalization or higher recent migration intensity, this relationship is (mildly)
negative. Finally, note that, while we observed a similar pattern for the frequency of most
severe temperature increases, the interactions between these measures of climatic stress and
marginalization/migration intensity were not statistically significant. Thus, we chose to not
depict them graphically.

The climate-migration nexus at the peak and slowdown of the Great Mexican Emigration

Era

Finally, to assess whether the environment-migration nexus differed at the peak of the Great
Emigration Era vs. the more recent significant (and persistent) slowdown, we examined the
relationships described in Tables 2 and 3 according to census period (see Appendix Il for a
summary of results). With few exceptions, these analyses show that the association between
climatic variability and migration was quite similar or otherwise stronger in 2005-2009
relative to these same relationships in 1995-1999.

To illustrate, Figures 7a and 7b show results for very severe rainfall deficits across the
extremes of the marginalization and migration intensity distributions, respectively. In both
cases, the slope of the relationships in each municipality type (e.g., low marginalization or
high migration intensity) are very similar in 2000 and 2010. One one hand, this suggests that
the very different (destination) conditions between the two periods, likely not controlled for
in the models via the year fixed effect, did not seem to disproportionately affect climate-
induced migration. However, because migration did decrease considerably in 2005-2009
relative to 1995-1999, it is likely that the dramatic slowdown in (undocumented) US-bound
migration from Mexico reduced the number of likely “environmental migrants” even if it did
not substantially alter the relationship between climate and migration.

Conclusions

Our study contributes to the understanding of the relationship between climate change/
variability, international population mobility, and development in several ways. First, using
data representing a broader set of contexts of emigration and conditions in the United States
than examined in prior work, we show that the climate-US migration nexus in rural Mexico
is highly situated/variable, with a negative association between climate shocks and migration
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in (most) places and a positive one in (a few) others. Consistent with findings across the
developing world, which suggest that climate migration is more likely to be internal and
shorter-distance (e.g Henry et al. 2004, Massey et al. 2010) or to otherwise “trap”
populations under specific conditions (Gray 2009, Gray 2010, Gray and Mueller 2011), we
find that a higher frequency of severe climate conditions is associated with /ower
international migration rates across the vast majority of Mexican rural or primary sector-
dependent communities. We stop short of arguing that our findings are clear indication of a
trapping mechanism, however, as our study did not examine whether U.S. migration is
substituted for lower-risk forms of population mobility within Mexico during times of
climatic variability.

Despite this average negative association, which held for most municipalities across the
socioeconomic and migration intensity continuum, consistent with prior work on Mexico —
U.S. migration (Munshi 2003, Nawrotzki et al. 2013, Feng and Oppenheimer 2012, Jessoe et
al. 2016) we did find positive associations between climate shocks and migration in specific
climate or social conditions that line up with each of the three dimensions of vulnerability
used in the climate literature (e.g., Adger 2006), namely exposure (strength of climate
signal), sensitivity (actual impact of signal), and adaptive capacity (ability to cope with
impact of signal). First, international movement is more likely with particularly pronounced
environmental exposure, that is very severe increases in temperatures taking place in tandem
with very severe decreases in rainfall (Figures 4a—4d; also see Nawrotzki et al. 2013). Given
the generally-negative relation between climate and migration and the particularly dire level
of environmental exposure at which the association is positive, this finding likely reflects a
type of mobility people may only resort to in desperate situations and despite the high costs
of migration. On the other hand, second, we also find that US migration is a response to
severe or very severe rainfall (but not temperature) declines in places with low
marginalization levels (Figures 5a-5b, and 6a), presumably because rural or primary sector
dependent places with low marginalization are less sensitive to environmental exposures,
thus allowing families to afford using migration in response to climate-related shocks.
Alternatively, families living in communities with low marginalization levels may have a
higher capacity to cope with or adapt to the negative impacts of environmental exposure,
indeed using US migration as one coping strategy. Third, people from municipalities with
very high migration intensities are more likely to migrate to the US during times of severe
precipitation deficits (see Figures 5¢-5d and 6b). This relationship may be expressing the
well-known notion that stronger migrant networks reduce the costs and risks associated with
mobility, thus loosening budget constraints that prevent people from moving internationally
to cope or adapt to the impacts of (climate) shocks and in which the ability to migrate is a
form of (extra-local) adaptive capacity.

Our results showing a positive association between climate and US migration in places with
the highest municipal migration intensity are inconsistent with prior work with MMP data
by Nawrotzki et al. (2015b), who find lower likelihoods of climate-related US migration
from /ocalities with a higher proportion of prior U.S. migrants. Nawrotzki et al.’s finding
could be explained by the fact that translocal connections created by migration —and
remittances sent from abroad in particular— are reducing households’ and communities’
vulnerability to climate change by either lowering local sensitivity to environmental
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exposure (e.g., via investment in irrigation systems, drought-resistant crops, and other
impact mitigation strategies); or by improving their adaptive capacity via mechanisms other
than the additional migration of fellow community members (e.g., by diversifying economic
opportunities in sending areas). Because we use a broader sample across a larger variety of
rural social contexts, we argue that the amplification mechanism we found likely dominates
the more localized relationships found by Nawrotzki and colleagues’ with a more
specialized sample (nevertheless, with good local representation). Future research should
attempt to understand and reconcile these possible mechanisms while also examining
whether these discrepancies could be explained by differences in the spatial scale or the
operational definition of migrant networks used in the two studies.

In addition to contributing to the understanding of the relationships between population,
development, and the environment by uncovering systematic variation in the climate-
migration association e.g., across the rural development and migration intensity spectra, our
findings on the heterogeneity of climate impacts on US migration also call for more caution
in the elaboration of international “climate refugee” projections, certainly out of Mexico but
likely of other nations as well. While work on climate migrant projections does implicitly
consider the role of socioeconomic conditions in sending areas in “producing” differing
amounts of migrants, this is because places are assumed to vary only in compaositional, but
not necessarily in structural terms. A more dynamic model, allowing for negative and
positive effects of climate on migration (e.g., across social vulnerability continua), and
allowing for a dynamic, stochastic evolution of migrant networks (see Massey and Zenteno
1999, De Haas 2010) would add a more appropriate level of complexity and uncertainty
around the future climate refugee question.

Indeed, our study’s findings suggest that climate migrant projections out of rural Mexico are
unlikely to be nowhere as high as those estimated by Feng and colleagues (2010, see also
Feng and Oppenheimer 2012), who put climate migration from rural Mexico to the US in
2005-2080 at 1.4-6.7 million additional people (i.e., 2%—10% of the rural population of the
country) across different adaptation scenarios. Instead, our findings suggest much smaller
net figures — considering both the decline in migration in most places and the increase in
migration in less marginalized, more migration-intense areas. These estimates may be
perhaps more in line with the numbers of climate migrants forecasted by Jessoe et al. (2016),
who estimate that 0.05%-— 0.25% of the Mexican rural population will migrate to the U.S.
for climate-related reasons by 2075.

Social and economic development policies designed to avoid more severe forms of
displacement, as well as more direct expressions of vulnerability to climate and other
shocks, would benefit from further distinguishing which kinds rural places may be more
likely to lose population (internationally as well as internally) due to climate change, and in
which ones may climate change actually depress mobility, potentially “trapping” populations
in place and causing further dislocations and hindering their wellbeing, or otherwise altering
internal mobility patterns. Indeed, policy recommendations in the population and climate
change literature generally of course include any and all actions aimed at reducing
vulnerability to climate by reducing exposure or sensitivity, or by improving adaptive
capacity (e.g., MacKellar et al. 1998). However, because climate migration can be a last-
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resort option to the negative effects of climate (McLeman and Smit 2006) or as a form of
extralocal adaptive capacity (Eakin 2005), these policies may reduce some forms of
migration while potentially increasingly allow for others. Indeed, the goal of social policy
(at least from the sending area perspective) should not be to reduce migration per se, but to
reduce the likelihood of resorting to it in desperation, out of persecution or by more or less
direct displacement, and that it does operate in a humane fashion.

Finally, while our study design did not allow us to explicitly control for specific economic
and immigration policy conditions in destinations, our examination of two periods with
radically different “contexts of reception” in the United States (in terms of labor demand
and, to a lesser extent, immigration enforcement) does offer some insights on the possible
role of destination-area conditions in climate and other forms of migration. On the one hand,
the climate migration association was similar, or (in some cases) even stronger in 2005-2009
than in 1995-1999 (see Figures 7a—7b). However, as also clearly depicted in Figures 7a and
7b, (environmental and other) migration levels in 2005-2009 were somewhat lower than
those observed in 1995-1999. Thus, our study suggests that climate migration is just as or,
perhaps, just slightly less sensitive to these destination based conditions relative to other
forms of international movement, meaning it may be somewhat sensitive to economic and,
to a lesser extent, policy conditions (see Villarreal 2014). Future research on the
environmental drivers of migration, as well as that devoted to design climate projections,
should address the potential role destination contexts on the level of climate-induced
migration.

Clearly, the climate-international migration relationship is complex and highly situated. As
such, scholarship and policymaking on issues surrounding climate change need to continue
moving away from simple conceptions that exposure to dire environmental conditions may
be accompanied by a rising migrant tide, just as more purely “economic” types of migration
are also quite heterogeneous (Garip 2012, Garip 2017, Riosmena 2009). Instead, research,
scholarship, and policy should be designed with the idea that increasing environmental
exposure can lead to divergent outcomes depending on how institutions, networks, and other
social structures mediate the sensitivity of a place to a changing climate, and that these
structures need not be —and are oftentimes not- local.
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Data sources for variables used in the analysis

Variable Source
HH sent migrant abroad during 5 years prior to Census (%) IPUMS
Maximum temperature, baseline (°C) TerraPop
Temperature change during retrospective window (°C) TerraPop
% months in window where temperature was... SDs above TerraPop
1 - 2 standard deviations TerraPop
2+ standard deviations TerraPop
Rainfall, baseline (mm/yr) TerraPop
Precipitation change during retrospective window (mm/yr) TerraPop
% months in window where precipitation was... SDs below TerraPop
1 - 2 standard deviations TerraPop
2+ standard deviations TerraPop
International migration intensity index (z-score) CONAPO
Marginalization index (z-score) CONAPO

Economic diversity index (0-1)

State GDP growth, window relative to prior 5 years (%)
Municipal farmland that is irrigated (%)

Avrea of farmland planted with corn (sqm / 10 ha)

Avrea of farmland planted with wheat (sqm / 10 ha)
Area of farmland planted with soybeans (sqm / 10 ha)
2,500 - 14,999 inhab. in locality (REF = less than 2,500)
Municipal land classified as urban (%)

HH members working in primary sector activities (%)
HH members employed (%)

Asset index (z-score)

HH is owned by one of its members

Schooling of HH head (years)

HH income (in 1,000s MXN)

Age of HH head (years)

Children under 5 in HH (No.)

Population Census (100% data)
Economic Census
Agricultural Census
Agricultural Census
Agricultural Census
Agricultural Census
IPUMS
IPUMS
IPUMS
IPUMS
IPUMS
IPUMS
IPUMS
IPUMS
IPUMS
IPUMS

Page 20

IPUMS = 2000 & 2010 Mexican Population and Housing Census Long Form, 1% extract TerraPop: INSERT YEAR-

YEAR Weather station data from the University of East Anglia’s CONAPO: Mexican National Population Council

intensity indices calculated upon 2000 & 201 INEGI — Economic Census
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Regression coefficients predicting likelihood that a household sends an international migrant
in 5 year window prior to Censu

Climate
var. main
effect

2-way
interactions
both
climate
vars.

2-way
interact,
climate var.
& year

3-way
interact,
both
climate
vars. &
year

Climate
var. main
effect

2-way
interactions
both
climate
vars.

2-way
interact,
climate var.
& year

2-way
interact,
climate &
margin.

3-way
interact,
both
climate
vars. &
year

3-way
interact,
climate,
year, &
margin.

-way int.
bet. climate
variables &

margin.

Deviations 1-1.99 SDs above/below normal

Temperature increase

b
-0.0025

-0.0011

0.0070

-0.0004

-0.0023

-0.0015

0.0045

0.0071

0.0003

-0.0074

-0.0003

(SE)
(0.0022)

(0.0003)

(0.0038)

(0.0005)

Rainfall deficits

sig. b (SE) sig.
-0.0139 (0.0030) ***
7 _0.0011 (0.0003) **

t 00104 (0.0034) **

-0.0004  (0.0005)

A. Model with interactions between climate variables, and census year

Deviations 2+ SDs above/below normal

Temperature increase

b
0.0084

0.0018

-0.0107

0.0199

(SE)
(0.0046)

(0.0027)

(0.0051)

(0.0044)

sig.

+

HAA

Rainfall deficits

b (S.E.) sig.

-0.0342  (0.0141)
0.0018  (0.0027)
00573 (0.0233) ~
00199 (0.0044) **¥

B. Model with interactions between climate variables, census year, and marginalization index

(SE)
(0.0023)

(0.0003)

(0.0039)

(0.0023)

(0.0005)

(0.0040)

(0.00086)

sig. b (S.E.) sig.
-0.0130 (0.0030)
-0.0015 (0.0003)
0.0163 (0.0035)
¥ -00120 (0.0031)
0.0003  (0.0005)
t 0.0041  (0.0039)
-0.0003  (0.0006)

b
0.0096

-0.0016

-0.0076

0.0097

0.0286

-0.0144

-0.0048

(SE)
(0.0047)

(0.0031)

(0.0054)

(0.0049)

(0.0048)

(0.0058)

(0.0055)

sig.

*

b (S. E.) sig.
-0.0422 (0.0154) **
-0.0016  (0.0031)

0.0649 (0.0256) *
-0.0585 (0.0156)

0.0286 (0.0048) ¥
-0.0943 (0.0283) ¥
-0.0048  (0.0055)

C. Model with interactions between climate variables, census year, and migration intensity index
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Climate
var. main
effect

2-way
interactions
both
climate
vars.

2-way
interact,
climate var.
& year

2-way
interact,
climate &
mig.
intensity

3-way
interact,
both
climate
vars. &
year

way
interact,
climate,
year, &
mig.
intens.

y int. bet.
climate
variables &
mig.

intens.

Deviations 1-1.99 SDs above/below normal

Temperature increase

b
b
0.0024

-0.0014

0.0051

-0.0030

-0.0004

-0.0036

-0.0015

(SE)
(SE)
(0.0026)

(0.0003)

(0.0041)

(0.0017)

(0.0005)

(0.0033)

(0.0005)

sig. b
sig. b
-0.0174

-0.0014

0.0132

t 0.0183

-0.0004

-0.0132

Aok

-0.0015

Rainfall deficits

(SE)
(SE)
(0.0032)

(0.0003)

(0.0036)

(0.0025)

(0.0005)

(0.0032)

(0.0005)

sig.

sig.

Hokok

Hokok

Hokok

Aok

A. Model with interactions between climate variables, and census year

Deviations 2+ SDs above/below normal

Temperature increase

b
b
0.0031

0.0023

-0.0020

0.0139

0.0168

-0.0097

0.0114

(SE)
(SE)
(0.0052)

(0.0033)

(0.0057)

(0.0037)

(0.0050)

(0.0048)

(0.0049)

sig.

sig.

HAA

Rainfall deficits

-0.0506

0.0023

0.0265

0.0408

0.0168

0.0677

0.0114

(SE)
(SE)
(0.0159)

(0.0033)

(0.0267)

(0.0108)

(0.0050)

(0.0257)

(0.0049)

sig.

sig.

*ok

kA

ok

Ak
p<0.001
Ak

p<0.01
*

p<0.05

fO.lO

DD
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FIGURE 1.
a Percent of households in municipality sending an international migrant in 1995—1999

b Percent of households in municipality sending an international migrant in 2005—2009
¢ Change in percent of households in municipality sending an international migrant in
2005—2009 relative to 1995—1999
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FIGURE 2.
a Percent of months in municipality in 1995—1999 when temperatures exceeded 1960—1990

average by 1-1.99 standard deviations

b Percent of months in municipality in 2005—2009 when temperatures exceeded 1960—1990
average by 1-1.99 standard deviations

¢ Percent of months in municipality in 1995—1999 when temperatures exceeded 1960—1990
average by 2 or more standard deviations

d Percent of months in municipality in 2005—2009 when temperatures exceeded 1960—1990
average by 2 or more standard deviations
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FIGURE 3.
a Percent of months in municipality in 1995—1999 when rainfall was below 1960—1990

average by 1-1.99 standard deviations

b Percent of months in municipality in 2005—2009 when rainfall was below 1960—1990
average by 1-1.99 standard deviations

¢ Percent of months in municipality in 1995—1999 when rainfall was below 1960—1990
average by 2 or more standard deviations

d Percent of months in municipality in 2005—2009 when rainfall was below 1960—1990
average by 2 or more standard deviations
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median are identical.

0.0 3.0 6.0 9.0 12.0 15.0

% months with temperature 2+ SDs above climate normal

Percentiles of very severe rainfall deficit (% months 2+ SDs below normal):
=10th percentile —Median ==90th percentile

Popul Dev Rev. Author manuscript; available in PMC 2019 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Riosmena et al.

Predicted probability that a household sends an international

0.13

0.11

0.09

0.07

years prior to Census

u

o0 0.05

0.03

=

migrant durir

0.01

-0.01

Page 42
0.0 1.0 2.0 3.0 4.0
% months with rainfall 2+ SDs below climate normal
Percentiles of severe temperature variability (% months 2+ SDs above normal):
==10th percentile ——Median ==90th percentile
FIGURE 4.

a Predicted probability that a rural Mexican household sends an international migrant
according to the frequency of severe high temperatures for different levels of rainfall deficit
severities.

b Predicted probability that a rural Mexican household sends an international migrant
according to the frequency of severe rainfall deficits for different levels of high temperature
severities.

¢ Predicted probability that a rural Mexican household sends an international migrant
according to the frequency of very severe high temperatures for different levels of very
severe rainfall deficits.

d Predicted probability that a rural Mexican household sends an international migrant
according to the frequency of very severe rainfall deficits for different levels of very severe
high temperatures.
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FIGURE 5.
a Predicted probability that a rural Mexican household sends an international migrant

according to the frequency of severe precipitation deficits (1—2 SDs below normal) for
different levels of municipal marginalization.

b Predicted probability that a rural Mexican household sends an international migrant
according to the frequency of very severe precipitation deficits (2+ SDs below normal) for
different levels of municipal marginalization.

¢ Predicted probability that a rural Mexican household sends an international migrant
according to the frequency of severe precipitation deficits (1—2 SDs below normal) for
different levels of municipal US migration intensity.

d Predicted probability that a rural Mexican household sends an international migrant
according to the frequency of very severe precipitation deficits (2+ SDs below normal) for
different levels of municipal US migration intensity.
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FIGURE 6.

a Predicted probability that a rural Mexican household sends an international migrant
according to the frequency of temperature increases (1—2 SDs above normal) for different
levels of municipal marginalization.

b Predicted probability that a rural Mexican household sends an international migrant
according to the frequency of temperature increases (1-2 SDs above normal) for different
levels of municipal US migration intensity.
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FIGURE 7.

a Predicted probability that a rural Mexican household sends an international migrant
according to the frequency of very severe rainfall deficits (2+ SDs below normal) for

different levels of municipal marginalization, by census year.

b Predicted probability that a rural Mexican household sends an international migrant
according to the frequency of very severe rainfall deficits (2+ SDs below normal) for

different levels of municipal US migration intensity, by census year.
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