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Abstract

Researchers have long hypothesized linkages between climate change, food secu-
rity, and migration in low- and middle-income countries (LMICs). One such hypoth-
esis is the “agricultural pathway,” which postulates that negative climate change
impacts on food production harm livelihoods, which triggers rural out-migration,
internally or abroad. Migration is thus an adaptation to cope with the impacts of
climate change and bolster livelihoods. Recent evidence suggests that the agricul-
ture pathway is a plausible mechanism to explain climate-related migration. But
direct causal connections from climate impacts on food production to livelihood
loss to rural out-migration have yet to be fully established. To guide future research
on the climate-food-migration nexus, we present a conceptual framework that out-
lines the components and linkages underpinning the agricultural pathway in LMICs.
We build on established environmental-migration conceptual frameworks that have
informed empirical research and deepened our understanding of complex human-
environmental systems. First, we provide an overview of the conceptual framework
and its connection to the agricultural pathway hypothesis in the climate mobility
literature. We then outline the primary components and linkages of the conceptual
framework as they pertain to LMIC contexts, highlighting current research gaps
and challenges relating to the agricultural pathway. Last, we discuss possible future
research directions for the climate-food-migration nexus. By highlighting the com-
plex, multiscale, interconnected linkages that underpin the agricultural pathway, our
framework unpacks the multiple causal connections that currently lie hidden in the
agricultural pathway hypothesis.
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Introduction

As climate change continues to harm rural, agriculturally dependent populations
in low- and middle-income countries (LMICs), policymakers, researchers, and the
public are increasingly keen to understand how climate change may drive rural out-
migration (Lustgarten, 2020; Rigaud et al., 2018). But rural out-migration has been
happening for centuries — It is driven by a host of factors that extend well beyond
climate factors and their impacts on rural communities (Black et al., 2011; Lipton,
1980). Claims of future climate-driven mass migration often ignore the fact that,
for any individual or household, the decision to migrate results from complex, mul-
tiscale interactions between environmental, social, political, economic, and demo-
graphic factors (Black et al., 2011; Boas et al., 2019; Horton et al., 2021). While
climate change is clearly impacting rural food production and livelihoods in many
LMICs (IPCC, 2022), rural out-migration has historically been explained by the
demographic transition and economic theory, which posit that it is primarily driven
by attraction to economic opportunities elsewhere (McCarthy & Knox, 2012;
Lucas, 2004; Stark & Bloom, 1985). According to foundational development theory
(Rostow, 1960), as countries modernize, agricultural production and food security
should improve with improved technology and capital, requiring less rural labor
demand. The decrease in demand for agricultural workers results in excess rural
labor supply and rural residents are thus prompted to migrate to urban settlements,
which also attract migrants through jobs in manufacturing and services.

Yet, evidence suggests that the processes and outcomes predicted by devel-
opment theory have not manifested everywhere. Despite a notable concentration
of labor in agriculture, as indicated in Fig. 1A, many low- and middle-income
countries (LMICs) continue to rely heavily on food imports, as shown in Fig. 1B,
accompanied by persistently high rates of food insecurity (Fig. 1C). Furthermore,
rapid urbanization has not always been accompanied by industrialization or urban
job creation (Fox, 2012; Henderson et al., 2017; Rodrik, 2016), and the agri-
cultural sector has not mechanized in ways that would reduce demand for rural
labor. In Africa, even with rapid urban population growth (UN-DESA, 2018)
and the development of the agricultural sector (Jayne et al., 2016, 2022), agricul-
tural labor still comprises nearly 50% of the population (FAO, 2022). Yields for
many staples have declined or stagnated over most of the continent (Ray et al.,
2012); the region imports 100 million tons of food at a cost of $75 billion per
year (African Development Bank Group, 2022) and, by some estimates, Africa
imports 85% of its food requirements (Akiwumi, 2020). The rise in food imports
is the result of a number of factors, including neo-liberal structural adjustment
programs that began in the 1970s, which privileged food imports over local pro-
duction by reducing agricultural subsidies and extension services to rural produc-
ers (Carney & Krause, 2020), as well as neglect of the rural economy, lack of
provision of public services to rural communities, and widely held narratives that
smallholder food production is of limited value (Brondizio et al., 2023). Today,
after decades of decline, food insecurity is now rising precipitously not just in
Africa, but in many LMICs worldwide (World Bank, 2023). The reasons driving
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Share of agriculture, forestry and fishing employment in total employment, 2021
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Fig. 1 National-level data for (A) the share of total employment in agriculture, forestry, and fishing in
2021; (B) average annual cereal import dependency, 2016-2018; and (C) average annual prevalence
of undernourishment from 2019 to 2021. Data for (A) from (FAO, 2022). Data for (B) and (C) from
(FAO, 2023a). Note: gray regions are no data values

the rise in food security are complex, but they can partly be traced to the afore-
mentioned issues, as well as rising prices on international commodity markets,
declining imports (e.g., the blockade of Ukrainian wheat), conflicts (Anderson
et al., 2021), and — at least in part — climate impacts on food production (Lobell,
Binziger, et al., 2011; Lobell, Schlenker, et al., 2011; Ortiz-Bobea et al., 2021).
Looking ahead, the question is whether increasingly severe climate impacts on food
production in LMICs will not only harm rural livelihoods and increase food insecu-
rity but also accelerate rural out-migration to urban and international destinations.
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Young people considering whether a future in agriculture is tenable (Brondizio et al.,
2023) may look not only at their own experience of climate impacts but also at narra-
tives by the media and development actors that impact are likely to get worse (Ribot
et al., 2020; Selby & Daoust, 2021), as they formulate future plans in light of multiple
sources of uncertainty (Black et al., 2022). Indeed, a major question is whether rural-
to-urban migration in LMICs today is not so much prompted by higher wages and
job opportunities in the industrial and service sectors of cities, but rather whether it is
triggered by agrarian distress. Furthermore, it is unclear if a rural exodus could trigger
further declines in agricultural production, given the degree to which food production
is dependent on manual labor in many LMICs.

A common explanation of climate-related migration in LMICs centers on an agricul-
tural pathway (Falco et al., 2019; Hoffmann et al., 2020; Nawrotzki & Bakhtsiyarava,
2017). The agricultural pathway is used as shorthand for hypothesized links between
climate change, generally measured by climate anomalies and rural out-migration that
is triggered by impacts on the agricultural sector. More specifically, it is hypothesized
that negative climate change impacts on food production push rural individuals and
households into urban settlements or onwards to international destinations. Migration
is thus viewed as an adaptation strategy among smallholders and pastoralists to cope
with the impacts of climate change and buttress livelihoods. It is important to note that,
for the agricultural pathway to prove valid, it must still account for the social, political,
economic, and demographic contexts linked across spatiotemporal scales (Black et al.,
2011; Horton et al., 2021). This is because individual and collective agency to adapt to
climate and weather extremes is ultimately embedded within socio-political and eco-
nomic structures (Carr, 2005; Ribot et al., 2020; Turner et al., 2023) and because rural
food insecurity ultimately results from entitlement failures (Sen, 1982) — lack of ability
to access food due to structural poverty — and not crop failure alone.

While a high proportion of recent studies of climate-related migration in LMICs
focus on farmers or farming communities (Zander et al., 2023), and recent reviews and
meta-analyses suggest that the agriculture pathway is a plausible mechanism to explain
climate-related migration (Hoffmann et al., 2020; Selby & Daoust, 2021), most stud-
ies assessing the agricultural pathway fail to establish direct causal linkages between
climate impacts, on the one hand, and food production, livelihood loss, food security,
and rural out-migration on the other (Falco et al., 2018). Existing agricultural path-
way studies tend to indirectly infer climate impacts in relation to migration by assess-
ing the relationship between changes in temperature and precipitation and migration
(Miiller et al., 2011; Nawrotzki & Bakhtsiyarava, 2017), rather than measuring how
climate change directly impacts food production and rural livelihoods, thus accelerat-
ing rural out-migration. Few studies employ sufficiently fine-grained data to resolve
which rural individuals or households are directly impacted by climate and whether
or not such impacts caused individuals or households to migrate (Falco et al., 2019;
Hoffmann et al., 2020). Furthermore, research on the agricultural pathway has not yet
fully explored how climate change impacts the different pillars of rural food security
— namely availability, accessibility, utilization, and stability (FAO, 2008) — nor how
potential food insecurity may influence the decision to migrate (Falco et al., 2018). In
fact, when migrants are interviewed about their reasons for leaving rural areas, climate
change is typically not cited as a reason (Romankiewicz & Doevenspeck, 2015).
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Nonetheless, all else being equal, the agricultural pathway offers a useful starting
point to explore our current knowledge of how climate change, food security, and migra-
tion are linked in LMICs. Climate change continues to impact the nearly 600 million
smallholder farmers, who produce at least 30% of the world’s food supply on 2 hectares
or less (Ricciardi et al., 2018), and the 500 million pastoralists in LMICs (FAO, 2016).
Thus, knowing where and why climate change may spur a flight from rural areas and
how rural out-migration may impact food security — both directly through changes in
agricultural production and indirectly through agricultural labor loss — is imperative if a
growing number of LMICs are to avoid increasingly widespread food insecurity.

To guide future research on the climate-food-migration nexus, here, we present a
conceptual framework to explicitly outline the components and linkages underpinning
the agricultural pathway in LMICs. We build upon previous environmental-migration
conceptual frameworks that have been widely adopted for empirical research and have
advanced our knowledge of complex human-environmental systems (Black et al., 2011;
McLeman et al., 2021). First, we present an overview of a conceptual framework and
how it links to the agricultural pathway hypothesis in the climate mobility literature.
We then outline the key components and linkages behind the conceptual framework as
they apply to LMIC contexts, providing insights into current research gaps and chal-
lenges regarding the agricultural pathway. Last, we highlight possible future research
directions for the climate-food-migration nexus in LMICs.

A conceptual framework linking climate, food security, and migration

Figure 2 presents our conceptual framework, which elucidates connections from cli-
mate change impacts to agricultural production and food security and, via socio-
economics, to migration. This framework seeks to unpack individual elements and
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Fig.2 Conceptual diagram of the components and linkages underpinning the agricultural pathway as a
hypothesis to study the climate-food-migration nexus. The diagram is focused on local climate impacts
on agriculture and rural households or individuals’ decision to migrate. Note that many of these linkages
are bidirectional and can be negatively and positively reinforcing
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linkages of the agricultural pathway. The presumed, but rarely fully tested linkage
(Hoffmann et al., 2020; Falco et al., 2018; Nawrotzki & Bakhtsiyarava, 2017), posits
that climate change impacts food security by damaging crops and causing livestock
morbidity or mortality, negatively affecting livelihoods, which in turn triggers rural
out-migration as either a livelihood diversification or survival strategy, depending
on the severity of impacts (Falco et al., 2018). In more extreme cases, degraded live-
lihoods result in food insecurity because reduced production decreases the availabil-
ity of food for self-consumption and decreases the accessibility of food by increas-
ing food prices, thereby reducing incomes and labor opportunities and/or making
the market for crops and livestock unfavorable.

Yet, most studies citing the agricultural pathway use ecological inference based on
the large-area spatial association between migration and environmental factors (Piguet,
2010). In such studies, migration and climate variables are measured over administra-
tive units for a period of time, usually deploying both coarse-grained census data on
migration and climate variables that are area-averaged (often population or crop-area
weighted), thus making findings susceptible to the ecological fallacy, since results are
not based on individual-level data. With a few exceptions (Grace et al., 2018), rarely
are direct climate impacts on food production tied to reduced livelihoods and out-
migration in a causal inference framework using sufficiently fine-grained climate data
tied to food production data and household migration surveys. While we are focused
on rural out-migration here, it is important to note that among the poorest rural popu-
lations, livelihoods can be so negatively impacted by climate change that they can-
not afford to migrate. Thus, the poorest of the poor may be unable to move, which
has spurred increasing research interest in so-called trapped or involuntarily immo-
bile populations (Ayeb-Karlsson et al., 2018; Hoffmann et al., 2020; Nawrotzki &
Bakhtsiyarava, 2017). This concern is real, but it is outside the scope of this paper, and
indeed, the existence of trapped populations is debated (Ayeb-Karlsson et al., 2018).

Climate change impacts result from extreme rapid onset events (e.g., heat
waves, droughts, and floods) that can happen individually, serially, or in com-
pound form (two or more events at once) and from long-term climatic shifts that
cause slow-onset events like land degradation (Hermans & McLeman, 2021),
sea-level rise (Hauer et al., 2019), and soil salinization (Duijndam et al., 2022).
The rapid onset events are often superimposed on long-term climate trends that
can make them more severe. In the absence of government intervention, inter-
national aid, or capital investments, rural individuals and households in LMICs
will deploy adaptations such as changing farm practices, rationing food, bor-
rowing capital, sale of household assets, or changing food consumption pat-
terns (“Adaptations as responses to climate change”). Should adaptations not
be sufficient, individuals or households will migrate from rural areas, either to
urban areas internally or abroad. The agricultural pathway is underpinned by
the new economics of labor migration (NELM) theory, which posits that migra-
tion is a household risk management strategy, where decisions to send (generally
younger male) family members to work in other areas are made at the household
level in order to diversify livelihoods and economically support the household
unit (de Sherbinin et al., 2022). NELM is invoked both in the case of permanent
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rural-to-urban migration and seasonal/circular forms of migration between rural
and urban areas, though our focus in this paper is more on permanent migration.

Conceptually, the agricultural pathway can be broken into four overarching and
interlinked areas: climate, food systems, food security, and migration, as shown in
Fig. 2. Each of these areas is underpinned by overlapping components that connect
across spatial and temporal scales. Changes to individual components of the path-
way can propagate through the climate-food-migration system, resulting in both
positive and negative feedback. For example, in a given rural community, if a cli-
mate-change-driven drought substantially decreases the harvest and reduces small-
holder livelihoods to the extent that households migrate to urban areas, on aggregate
such rural out-migration can reduce rural labor supply and, all else equal, decrease
future agricultural output which would reduce both rural and urban food security.
This hypothetical example is just one of many possible complex feedbacks that need
to be resolved to fully test the agricultural pathway hypothesis.

In presenting a conceptual framework to examine the agricultural pathway, we
necessarily simplify aspects of this complex socio-ecological system, and we note
three caveats. First, governance, institutional arrangements, market dynamics, and the
private sector (Daum & Birner, 2017), as well as social and cultural systems (Cundill
et al., 2021; Renzaho & Mellor, 2010), mediate many components of the agricul-
tural pathway. But because much of the existing research on the agricultural path-
way primarily leverages spatial and economic modeling approaches (Hoffmann et al.,
2020) that do not fully account for these factors to inform causal inference (Falco
et al., 2018), our conceptual framework does not detail how the components are
embedded in context-specific social, cultural, political, and economic systems that
influence the decision to migrate (Black et al., 2011; Turner et al., 2023). Second,
while there is robust literature on circular and seasonal migration as an adaptation
to climate and weather shocks affecting rural populations in LMICs (Thalheimer
et al., 2023; Rain, 2018), in presenting our conceptual model, we focus on permanent
rural out-migration. By doing so, we aim to simplify the complex dynamics of the
framework to more easily inform future research on the potential for large-scale cli-
mate-driven migration, a topic about which policymakers and the public are keen to
learn more (Lustgarten, 2020; Rigaud et al., 2018). Third, with a few notable excep-
tions (Zickgraf, 2018, 2022), the agricultural pathway has mostly been examined for
terrestrial food producers despite the nearly 500 million people worldwide who are
fully or partially dependent on small-scale marine and freshwater fisheries for their
livelihoods (FAO, 2023b) and the fact that marine and freshwater food production
increasingly face threats from climate change (Tigchelaar et al., 2021).

Empirical evidence for components of the conceptual framework

In this section, we review the evidence from case studies and systematic reviews,
reflecting diverse LMIC geographies, in support of the components of our con-
ceptual framework. The literature provides strong evidence that climate change
is reducing agricultural production and impacting rural livelihoods in LMICs.
We find more modest evidence linking climate change with rural livelihood loss
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and food security, as well as the connection between food security and migration.
We conclude by discussing components of the conceptual framework concerning
migration data, patterns, remittances, and evidence regarding rural out-migration
and food production.

Climate impacts on agriculture
Impacts of climate on agricultural yields

Globally, climate change has already reduced agricultural productivity by 21% since
1961, and climate change has driven production reductions above 30% in many African,
Latin America, and Caribbean countries (Ortiz-Bobea et al., 2021). But the mechanisms
by which climate change can affect crops are varied and diverse. For instance, on longer
timescales, maize and wheat will experience higher net productivity losses due to temper-
ature increases compared to rice and soybean (Jagermeyr et al., 2021), although losses for
wheat are likely to be offset by increases in atmospheric CO, concentration (Jigermeyr
et al., 2021; Lobell, Binziger, et al., 2011; Lobell, Schlenker, et al., 2011; Ray et al., 2019;
Zhao et al., 2017). The magnitude of the effect that climate change, both negative and
positive, has on crop yields increases with higher emissions trajectories (Ray et al., 2019).
On interannual timescales, climate variability accounts for roughly one-third of crop yield
variability globally (Ray et al., 2015), with extreme climate events affecting both yields
and harvested areas of global crops (Lesk et al., 2016). Climate change can also drive
increases in rapid onset events that impact food production, including disasters such as
floods (Kim et al., 2023), excess moisture (Zampieri et al., 2017), droughts (Kim, lizami
et al., 2019; Kim, Stites et al., 2019), heatwaves (Lobell, Bénziger, et al., 2011; Lobell,
Schlenker, et al., 2011), and combinations of these factors (Lesk et al., 2022). It is also
important to note that climate change affects rangeland and livestock, with expected
impacts on livestock from drought and heat (Godde et al., 2020; Mauerman et al., 2023;
Thornton et al., 2009). Climate change is expected to negatively affect the availability of
biomass over the majority of global rangeland areas and increase the heat stress and dis-
ease burden to which animals are exposed, thus increasing animal mortality (Godde et al.,
2020; Thornton et al., 2009). Climate change will furthermore increase the interannual
variability of biomass in most rangelands, which tends to force smallholder pastoralists
to permanently offtake animals as herd restocking following a drought takes 3—4 years on
average (Godde et al., 2020; Mauerman et al., 2023).

Climate change can reduce food production not only by harming plant and
animal physiology but also by reducing agricultural labor productivity (de Lima
et al., 2021; Parsons et al., 2021; Tigchelaar et al., 2021; Zander et al., 2023). It
is well established that heat extremes pose unsafe working conditions and lower
productivity for physically demanding outdoor labor, such as most agricultural
labor (de Lima et al., 2021). Concerningly, for the tropics, where most small-
holders and pastoralists reside (Fig. 1A), recent research suggests that moist—heat
extremes may, at times, already exceed the biophysical limits of human surviva-
bility, even for acclimated people (Raymond et al., 2020). Impacts on agricultural
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labor from extreme heat will continue to increase due to climate change. In fact,
future impacts on agricultural production from climate change may be equal to
labor loss and crop damage, with production loss due to labor impacts being most
accurate in sub-Saharan African and South-East Asia (de Lima et al., 2021).

Given the complex linkages between climate change and food production, clearly
specifying the spatiotemporal scale of the climate change component is pivotal to inves-
tigating the agricultural pathway. To fully resolve the specific impact climate change
has on a given food production system, research on the agricultural pathway needs to
clearly state if impacts result from long-term (decadal) climate shifts, interannual vari-
ability, increased rapid onset events, or a combination of these changes. After determin-
ing the temporal scale of signals from either climate change or climate variability, stud-
ies on climate-food-migration should specify which crop or animal production systems
are affected and whether the reduction might be attributed to lost labor.

Climate impacts on agricultural markets

In examining the agricultural pathway, the literature has yet to fully account for how
climate change affects interactions between agricultural productivity and the sensi-
tivity of prices, consumption, and import and export trends, and how rural producers
react to these interactions. A handful of studies that model food production under
climate change scenarios assess the relationship between climate change and farm-
ers’ adaptation strategies (Guido et al., 2020; Shisanya & Mafongoya, 2016), tech-
nological changes (Alhassan, 2020; Savari & Zhoolideh, 2021), market responses
(Alvi et al., 2021; Islam et al., 2016; Xie et al., 2020), dietary changes (Alvi et al.,
2021), the health of agricultural laborers (de Lima et al., 2021), and population
changes (Dawson et al., 2016; Defrance et al., 2020). Importantly, evidence suggests
that integrating improved technology and farmers’ adaptation practices can offset
the negative effects of climate change slightly because technological improvements
can aid in increasing or maintaining crop yields, decreasing crop prices, and increas-
ing consumption (Islam et al., 2016). Globally, food self-sufficiency and projected
food production are sensitive to changes in diet (Beltran-Pefa et al., 2020). Con-
sumer demand and changing preferences in one country can also drive changes
in supply from distal countries. For example, increased demand for pork in China
has driven the expansion of soy crops in Brazil (Peine, 2013). Additionally, demo-
graphic change itself influences the climate-food-migration nexus — models that
integrate different future population growth projections find an exacerbation of
adverse effects of climate change on food security (Dawson et al., 2016; Defrance
et al., 2020). Evidence from West Africa suggests that continued rapid population
growth will have a greater effect on food availability compared to decreased yields
under climate change projections (Defrance et al., 2020).

Estimating climate impacts on agricultural productivity requires integrating mar-
ket responses and government actions, such as trade policies, as input variables. By
integrating these variables, modelers project a reduction in the magnitude of adverse
climate impacts on agricultural productivity (Alvi et al., 2021; Islam et al., 2016;
Xie et al., 2020). For example, in response to decreases in crop yields, farmers may
refine production practices (e.g., shift the crop calendar) and farm management
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to limit future crop losses. This can result in more moderate price changes in the
future, reduced food imports, and increased food exports, alleviating the negative
impacts on food accessibility and consumption (Alvi et al., 2021; Islam et al., 2016;
Xie et al., 2020). Government actions, such as providing farmers with subsidies
to motivate improved farm management, can result in lower prices for consumers,
improvements in exports, and improvements in the food supply available to consum-
ers. However, these subsidies may not be enough to completely offset negative cli-
mate effects (Alvi et al., 2021).

Paradoxically, when global price shocks have occurred, rural households in
LMICs have reported increased food security compared to urban households.
This was the case during the 2007/8 price shock for many African producers who
reported increased food security compared to urban households (Verpoorten et al.,
2013), suggesting that acute increases in global prices for some commodities may
translate into improved incomes and food security for producers. However, food
price subsidies in many LMICs evince an urban bias (Bezemer & Headey, 2008),
which is driven by a desire to keep prices stable for urban constituencies that are
perceived as being more critical to electoral support or the stability of authoritarian
regimes, depending on the form of government. This undercuts potential benefits to
rural producers from climate-related food price increases.

Socioeconomics
Climate impacts on rural livelihoods

The primary proposed mechanism for the ways in which climate change impacts
lead to rural out-migration is through harm to livelihoods. This is supported by a
large body of literature focused on how both slow and rapid onset climate change
events negatively affect rural livelihoods. For instance, drought-related crop losses
are associated with household income declines (Hermans & Garbe, 2019; Sam
et al., 2019; Udmale et al., 2015), increased unemployment rates (Sam et al., 2019),
heightened livelihood vulnerability (Keshavarz et al., 2017; Thao et al., 2019) and
assets vulnerability (Khayyati & Aazami, 2016), elevated poverty levels (Hermans
& Garbe, 2019), and increased loan requests (Udmale et al., 2015). In contrast,
households with stable financial capital and higher incomes experience less liveli-
hood sensitivity to drought (Keshavarz et al., 2017; Zhu et al., 2020). Furthermore,
differences in wealth and how it contributes to differences in the severity of drought
impacts are evident in on-farm practices available to households that can offset the
adverse effects. This is exemplified by evidence from the 2012 drought in Western
India (Udmale et al., 2015): Higher-income households had higher accessibility to
irrigation systems, resulting in minimal crop production failure.

Education is fundamental to rural livelihoods, and numerous studies have shown
that rural households with higher educational levels are less affected by climate
impacts on agriculture. In Kenya, farmers with higher education are more likely to
use climate adaptation strategies such as planting drought-tolerant crops, diversify-
ing crops, or growing early maturing crops, as well as diversifying income (Gebre
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et al., 2023). Similarly, in rural mountain communities of Nepal, households with
better education and financial assets have more options to diversify their income
to contend with climate change impacts on agriculture (Gentle & Maraseni, 2012).
Case studies from other countries such as Pakistan (Khan et al., 2020), Vietnam
(Huong et al., 2019), and Ethiopia (Sertse et al., 2021) confirm that higher education
levels reduce the impacts of climate events on agricultural livelihoods. These case
studies illustrate the potential for education to reduce the impacts of climate change
on rural livelihoods and, potentially, modulate rural out-migration.

Adaptations as responses to climate change

Household adaptive capabilities, which are fundamentally related to poverty lev-
els (Wiederkehr et al., 2018), mediate the agricultural pathway as a mechanism to
spur migration. Along with migration (“Migration”), adaptations include diversi-
fying income, improving on-farm management, and improving financial manage-
ment (Keshavarz et al., 2017). Common on-farm adaptation practices to reduce the
impact of drought include switching to drought-resistant crop varieties (Shisanya &
Mafongoya, 2016), changing sowing times (Shisanya & Mafongoya, 2016), improv-
ing irrigation systems (Savari & Zhoolideh, 2021; Shisanya & Mafongoya, 2016),
incorporating new technologies such as those that connect farmers to input-sellers
(Alhassan, 2020; Savari & Zhoolideh, 2021), and planting new crops (Shisanya &
Mafongoya, 2016). Diversifying livelihoods tends to be the chief off-farm adapta-
tion practice, which reduces household dependency on crop production as the pri-
mary source of income (Alhassan, 2020; Shisanya & Mafongoya, 2016; Smith &
Frankenberger, 2018; Tankari, 2020). Diversifying income practices include wage
labor and selling of non-agricultural goods (Hermans & Garbe, 2019; Keshavarz
et al., 2017; Zhu et al., 2020). Rural households also use adaptation practices
and coping strategies to counteract the negative impacts of floods on livelihoods.
Like drought, common adaptation practices preferred by small-scale rural farmers
impacted by floods include livelihood diversification, crop diversification, planting
crops at different times, using organic manure for fertilizer, and harvesting water for
irrigation (Alhassan, 2020). Households that engage in multiple adaptation practices
are also less vulnerable to flood shocks (Alhassan, 2020).

It is important to note several challenges when assessing adaptations in the con-
text of the agricultural pathway. First, farmers’ perceptions of climate shocks and
weather changes can influence the adaptation strategy chosen by a farmer (Guido
et al., 2020). Second, for planned adaptation efforts, most lack a consistent commit-
ment to coordination and implementation. This underscores a trend of slow change
in adaptation actions taken by communities, including at the local and national gov-
ernment levels (Leal Filho et al., 2022). Finally, despite households having local
awareness of the potential impacts of climate change on agro-pastoral livelihoods,
factors like a lack of information, credit, finance, and water access may disrupt their
ability to adapt adequately (Wiederkehr et al., 2018). But such information may be
challenging to capture when assessing the agricultural pathway.
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Household food security

The impact of climate change on food production can be so severe that food insecu-
rity itself can be a causal mechanism that drives rural out-migration (Rain, 2018).
While much of the research on the agricultural pathway has not fully accounted for
the four pillars of individual or household food security (Falco et al., 2018) — which
include availability (production), accessibility (ability to afford food or access mar-
kets), utilization (nutritional uptake), and stability of the other three pillars over time
(FAO, 2008) — for most households, their livelihoods ultimately dictate food secu-
rity. Even for subsistence farmers and pastoralists, food insecurity resulting from
lost production ultimately results from structural poverty (Sen, 1982). In the context
of the agricultural pathway, direct impacts from climate change to production create
instability, which propagates into the other three pillars.

There is evidence that migration can result from food insecurity (Carney, 2017).
But how food security is impacted by climate events is scale-dependent. This is
exemplified by recent research on the relationship between flood and food security
in sub-Saharan Africa (Reed et al., 2022). Results suggest that floods degrade food
security in locations directly affected by flooding by destroying crops, killing live-
stock, decreasing household income, increasing disease transmission, and limiting
access to markets. But flood conditions were also associated with abundant rainfall
in adjacent non-flooded areas, which improved crop growth and increased pro-
duction at the national scale. The findings highlight the complex — and sometimes
competing — pathways by which flooding affects food security.

Studies also show that periods of income loss can coincide with periods of food
shortages and subsequently with increases in food insecurity levels (Hermans &
Garbe, 2019; Sam et al., 2019; Thao et al., 2019), confirming the bidirectionality
of the components of the agricultural pathway. Climate impacts on food production
propagate into farmers’ and pastoralists’ ability to access food through purchases.
For instance, in Marsabit, Kenya, droughts reduce household income from livestock
and require increased expenditure on water. Herd sizes (and therefore household
wealth) take an average of 3—4 years to recover (Mauerman et al., 2023). But house-
holds that employ on- and off-farm adaptations have lower rates of food insecurity
(“Adaptations as responses to climate change”). For drought, adaptation capabilities
and livelihood strategies can counteract the negative effects of drought on food secu-
rity (Hermans & Garbe, 2019; Sam et al., 2019; Thao et al., 2019).

Migration

In this section, we address the final part of our conceptual diagram, which relates
to migration. We begin with a consideration of the data types and scales of analysis
employed by most studies that identify climate impacts on agriculture (the “agricul-
tural pathway”) as the most likely mechanism influencing migration outcomes since
these ultimately constrain the inferences that can be made about causal connections.
We then address different migration patterns, consider the influence of remittances
on food security, and address the impact of migration on food production.
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Migration data collection and analysis

While data measurement issues exist for climate observations (Zaitchik & Tuholske,
2021; Verdin et al., 2020; Funk et al., 2015) and projections (Ayugi et al., 2021;
Faye & Akinsanola, 2022), components of the food system (e.g., Estes et al., 2022)
and food security (Jones et al., 2013; Tuholske et al., 2020), and socioeconomics
(Vollmer & Alkire, 2022; Morris et al., 2000), migration is the key outcome of our
conceptual framework. As such, here, we review migration measurement to highlight
a fundamental challenge of studies that investigate the agricultural pathway: deter-
mining where and when rural out-migration has occurred.

The type of migration data used in agricultural pathway research dictates the type
of methodology employed. When framed within the broader environmental-migration
context, data and analysis for the migration component of the pathway fits into
six broad typologies (Piguet, 2010). Type 1 — ecological inference through spatial
analysis — has traditionally relied on national-level data but increasingly employs
dyadic spatial data that captures flows of migrants between two or more geogra-
phies. The assumption with type 1 analysis is that there is a causal relationship
between climate change impacts within a geographic area and the flows of people
away from it. Aggregate migration flows between two areas can illuminate associa-
tions between climate change impacts on food production, livelihood loss, and rural
out-migration (Hoffmann et al., 2020). But these aggregate studies do not directly
measure how an impact of climate change maps to a specific household’s production
loss, much less elucidate the ways in which household or community-level adapta-
tion reduces impacts. Thus, as stated above, these studies may be subject to the eco-
logical fallacy that the geographical co-occurrence of two phenomena, as measured,
say, at the scale of districts or provinces, means one necessarily caused the other.
Hence, we cannot infer that changes or anomalies in temperature or precipitation
necessarily resulted in agricultural production losses (and possibly food insecurity)
that engendered migration because we do not have the individual or household level
data at a fine enough scale to tie these processes together.

Types 2 and 3 map climate change signals to panel survey data that tracks a group
of people through time, on the one hand, or a multilevel model, on the other hand,
to identify relationships between climate change, production loss, and rural out-
migration. Types 2 and 3 tend to be based on case studies since data requirements
are high. This means results cannot easily be generalized. Types 4 and 5 focus on
historical analogies, like the Dust Bowl in the USA during the 1930s and post-
disaster descriptive assessments, respectively. Type 6 studies are qualitative, such
as anthropological approaches, and hold promise for elucidating the elements of the
agricultural pathway at very local levels, but like types 2 and 3, the results are not
easily generalized.

When questionnaires are employed among individual migrants or migrant-sending
households, questions generally focus on how perceived temperature and precipi-
tation changes have affected food production and livelihoods, especially in regions
where rainfed agriculture is the main source of income. Perceptions of rainfall vari-
ations have a stronger relationship with the motivation to migrate compared to per-
ceptions of temperature variation in the short term (Helbling & Meierrieks, 2021;
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Schraven & Rademacher-Schulz, 2016; Etzold et al., 2016; Milan & Ho, 2014,
Warner & Afifi, 2014; Van Der Geest, Nguyen, and Nguyen 2012; Murali & Afifi,
2014). Yet, perceptions have not always been found to be consistent with measures
of climate variability or trends when compared to meteorological data or satellite
reconstructions (De Longueville et al., 2020). So, if studies are focused on “objec-
tive” measures of climate variability and trends, but migrants choose to move based
on perceptions, then the attribution of migration (or non-migration) to climate fac-
tors and the agricultural pathway may be misplaced.

Migration patterns

Consistent with NELM theory, migration is a household risk management strategy or
adaptation when rural livelihoods are impacted by climate change through lost produc-
tion. The decision to send (generally younger male) family members to work in other
areas is made in order to diversify livelihoods and economically support the household
unit (de Sherbinin et al., 2022). While the agricultural pathway conceptual framework
presented here focuses on permanent rural out-migration, the framework can also be an
entry point to understand how the agricultural pathway may act on other types of migra-
tion and mobility. Like food security, livelihoods influence the type of migration. This is
because socioeconomic status determines the type of migration and duration of stay at the
destination. Lower-income households often do not have the means to migrate interna-
tionally, or at least not from low- to high-income countries (Rigaud et al., 2018). Domes-
tic, rural-to-urban, and rural-to-rural migration patterns are observed most frequently with
lower-income households, principally at a seasonal timescale (Hermans & Garbe, 2019;
Nawrotzki et al., 2016). Evidence suggests that low- and middle-income households will
attempt to explore other strategies for improving food security before resorting to migra-
tion, such as combining agricultural with non-agricultural activities for income genera-
tion (Hermans & Garbe, 2019; Nawrotzki et al., 2016). In fact, the most commonly used
household adaptation strategies among agriculture households in dryland Africa is not
migration but rather agricultural management (Wiederkehr et al., 2018).

When migration is employed, short-term (or seasonal) migration patterns can
help to address food gaps that are often associated with dry season deficits and cli-
mate shocks and more long-term migration patterns are applied to discover opportu-
nities for higher income and education. Short-term patterns are usually pursued by
households lacking diverse livelihood opportunities (Alam et al., 2020; Etzold et al.,
2016). Long-term migration, on the other hand, is usually carried out by households
with relatively stable and diverse livelihood opportunities (Christiaensen et al.,
2013; Etzold et al., 2016; Milan & Ho, 2014; Warner & Afifi, 2014). Households
close to urban centers will also attempt income diversification by combining rural
with urban activities. When resorting to migration, evidence suggests households
prefer to travel within the same province, district, or country (Hermans & Garbe,
2019; Duda et al., 2018; McLeman et al., 2016; Viswanathan & Kavi Kumar, 2015;
Murali & Afifi, 2014; Warner & Afifi, 2014; Van Der Geest et al., 2012). In fact,
evidence suggests that migrating to smaller towns and cities may be more advanta-
geous as an avenue to exit poverty than remaining in origins or moving to larger cit-
ies (Christiaensen et al., 2013).
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Seasonality also influences migration patterns, but seasonal effects can be diver-
gent depending on local social and climate contexts, as well as the crops being pro-
duced. For instance, in Bangladesh, members of rural rice-producing households
prefer to decrease farm activities and search for agricultural labor activities else-
where directly after the end of the rainy season (Etzold et al., 2016). In Bangla-
desh, the rainy season—often regarded as the peak period for food insecurity—is
characterized by a limited number of agricultural employment opportunities. If
individuals migrate during this season, those lacking the knowledge or skills for
more industrial-based employment will encounter few alternative agricultural labor
opportunities to address their household’s food shortages. A similar pattern has been
observed in Mali, where the absence of alternative employment in nearby rural areas
during times of drought results in declines in migration (Grace et al., 2018). How-
ever, in other geographic regions, such as Punjab, Pakistan, rural migrants prefer to
search for labor during the peak season of food insecurity, which coincides with the
rainy seasons, to participate in non-agricultural income activities (Ahmad & Afzal,
2021). Other studies from Cambodia (Jacobson et al., 2019) and Northwest Ghana
(Schraven & Rademacher-Schulz, 2016) indicate a shift in the seasonal migration
patterns of low-income households from the dry to the rainy season. These studies
report that the shift is a consequence of rural households suffering from higher food
insecurity preferring to take a risk by searching for non-agricultural activities rather
than staying behind for an unsuccessful harvest. The shift in migration season can
result in a decrease in the rural workforce in the source areas, with the household
members left behind, including children and elders, having to take up the slack on
farm activities (Jacobson et al., 2019; Schraven & Rademacher-Schulz, 2016). This
decrease in the rural workforce, combined with the possibility of insufficient remit-
tances sent back by migrants, can leave households in a cycle of debt and food inse-
curity stemming from poor harvests (Jacobson et al., 2019).

Migration and remittances

Remittances from migrants are viewed as a key element of household risk manage-
ment strategies and thus a key element of the agricultural pathway. Both livelihoods
and food security can be buttressed by remittances, lowering the likelihood of future
rural out-migration. In fact, households with migrants tend to have higher incomes
than other households (Alam et al., 2020; Etzold et al., 2016; Hasanah et al., 2017,
Murali & Afifi, 2014; Obi et al., 2020; Warner & Afifi, 2014). Accordingly, unlike
households without migrant members, households receiving remittances are found
to have increased food accessibility, increased diet diversity, and increased con-
sumption of more nutritious foods (Hasanah et al., 2017; Obi et al., 2020). Apart
from remittances covering food expenses, remittances are also used to invest in
agricultural inputs and technology, therefore supporting agricultural productivity
(Choithani, 2017; Schraven & Rademacher-Schulz, 2016; Thomas-Hope, 2017).
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Migration and food production

Migration can have a negative relationship with local food production if key house-
hold members, including young men, migrate, leaving those left behind with a
smaller farm labor force and therefore reduced food production. Evidence from
South Asia and the Caribbean shows that a reduced farm labor force led house-
holds to decide to stop farming in favor of purchasing imported foodstuffs, with
land abandonment becoming a more frequent occurrence (Sunam & Adhikari, 2016;
Thomas-Hope, 2017; Kim, lizumi et al., 2019; Kim, Stites et al., 2019). This results
in increased dependence on remittances and food imports.

The degree of dependency can vary by location, even in the same region. For
example, remittances in St. Vincent are critically important, as a greater portion of
the income is used for food purchases rather than farm investments, reducing the
country’s local food production (Craven & Gartaula, 2015). However, in nearby
Jamaica, part of remittances are also invested in farming activities, in which case
the country’s food production is not as significantly affected (Thomas-Hope, 2017).
Nonetheless, negative impacts on local food production by migration can cause a
country to be more dependent on food imports, harming food accessibility for
poorer households should food prices rise as a result of international commodity
price shocks (Puma et al., 2015; Sunam & Adhikari, 2016). For instance, in rural
Tanzania, migration can worsen the food security status of households because
remittances sent from migrants are not enough to overcome the region’s low agricul-
tural productivity due to reduced agricultural labor and capital inputs and low soil
fertility (Duda et al., 2018), and in Cambodia, migration led to labor shortages and
child welfare obstacles (Jacobson et al., 2019).

Conclusion

By developing a conceptual framework for the agricultural pathway, we aim to
guide future research that fully accounts for the complex, multiscale, interconnected
linkages across the climate-food-migration nexus in LMICs. In outlining the
main components and linkages, we root our conceptual diagram in evidence that
suggests that climate impacts on households tend to operate through intermediate
variables such as income changes, livelihood vulnerability, and possibly increased
food insecurity that come as a result of the climate variability (Duda et al., 2018;
Helbling & Meierrieks, 2021; Obi et al., 2020; Romano & Traverso, 2020; Sunam
& Adhikari, 2016; Thomas-Hope, 2017) and that the drivers of climate-induced
migration remain context-specific (Thalheimer et al., 2021). We highlight that
direct climate impacts on rural food production, while remaining important,
are generally not the only driver of rural-to-urban migration (Black et al., 2011)
because livelihood resilience and diversification are key to household migration
decisions (Cundill et al., 2021; Hermans & Garbe, 2019; Milan & Ho, 2014,
Warner & Afifi, 2014; Van Der Geest et al., 2012). Social and financial variables
are often the primary factors influencing migration, with environmental risks
mentioned less frequently as a main motivator, even in regions deemed as climate
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change hotspots (Cundill et al., 2021; Romankiewicz & Doevenspeck, 2015). For
example, rural households who can access education (e.g., Gebre et al., 2023) and
implement adaptation strategies (e.g., Shisanya & Mafongoya, 2016) may be able
to cope with increasing impacts on agriculture from climate change across LMIC
contexts, and thus, such households may be less inclined to migrate. Perceptions of
rising inequality between migrant-sending (and remittance receiving) households
and those that do not send migrants may also be at play, motivating more people to
migrate (Lipton, 1980; Ribot et al., 2020).

By outlining each component of the agricultural pathway, our framework pro-
vides future researchers with more clearly defined causal linkages for explorations
of the agricultural pathway. We emphasize that local context, as shown by our dis-
cussion on seasonal migration, is key and that hypotheses about how climate change
may spur rural out-migration need to be carefully tested. Indeed, the degree to which
agricultural production may be impacted by an exodus of rural youth due to climate
change (or perceptions that future climate impacts will be dire (Ribot et al., 2020))
is somewhat unclear, but the potential for an exodus has already raised alarm bells
among those concerned about rural sustainability and food production in LMICs
(Brondizio et al., 2023; Deotti & Estruch, 2016). It is important to note, however,
that in some regions such as sub-Saharan Africa, rapid population growth and young
age structures may result in the replacement of any lost agricultural labor well
before any labor constraints on production are encountered (Fox et al., 2016; Lipton,
1980). While there is a growing literature related to climate migration (Piguet, 2022;
Sedovi et al., 2021; Hoffmann et al., 2020), and there is evidence that food secu-
rity can affect internal and international migration (e.g., Sadiddin et al., 2019; Smith
& Wesselbaum, 2020), there is less direct evidence that climate-induced food inse-
curity per se induces increased migration rates (Falco et al., 2018). In fact, recent
evidence from rural Niger suggests that migrant-sending households are not more
food insecure than other households, but simply have more adult men (Turner et al.,
2023). Few studies have connected climate data with in-situ data on food produc-
tion, let alone food security status, among migrant-sending households.

Our conceptual framework has limitations. We do not address governance,
despite the influence national-level policy has on both internal and international
migration (Massey, 2020). Aligning place-based, bottom-up research with top-
down spatial analysis is also fundamental to monitoring current and projecting
future drivers of migration (Horton et al., 2021). But our framework does not spe-
cifically outline how to align such different research paradigms, nor does it solve
the problem of limited data on human mobility. Indeed, future research on the
climate-food-migration nexus needs to better connect climate impacts on agricul-
ture to livelihood loss and food insecurity that results in rural out-migration. This
will necessarily require more intense data compilation, collection, and integra-
tion, as well as more in-depth fieldwork (Rademacher-Schulz et al., 2012), espe-
cially longitudinal studies, in rural areas exploring the linkages.

We are encouraged by the potential of mobile phone data (Lai et al., 2019) and
advancements using earth observations to enhance top-down approaches (e.g., Rogers
et al., 2023) to improve future research. Similarly, recent efforts by funding agencies
that emphasize traditional, place-based social science research focused on drivers of
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climate migration are encouraging (e.g., DoD Minerva, 2022; HABITABLE, 2023).
Indeed, only through further research can we make generalizations connecting cli-
mate-induced rural food production loss and food insecurity to more permanent forms
of rural-urban and international migration, with possible feedback to food security,
and elucidate the multiple causal connections that currently lie hidden in the agricul-
tural pathway hypothesis.
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