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École de technologie supérieure, Université du Québec
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According to dominant narratives about adaptation to climate change, those facing worst-case scenarios, without
means at their disposal to adapt in situ, face an ineluctable set of adaptation strategies that ultimately includes
the permanent abandonment of geographic spaces rendered uninhabitable and unproductive for human use.
Yet environmental stress and adaptive capacity are distributed unevenly, and power structures play a role in
fashioning them. It is argued here that when access to land and water are impacted by environmental stress,
the structures that mediate their access are reinforced, even as the adaptive alternatives for smallholders are
undermined. In this way, dominant resource regimes set up migration as the primary viable alternative for
adaptation among a dwindling set of choices. This framework is applied to two early analogues of climate change
impacts: flooded Garı́funa villages of Honduras’s North Coast and communities enduring glacier recession and
shifting hydrologic regimes in Peru’s Cordillera Blanca. In both cases, stress motivates new forms of migration that
reinforce dominant power structures. In Honduras, migrants from wealthier social strata are moving on a more
permanent basis, and in Peru, the once historical pattern of labor migration is becoming a practical necessity.
These cases underscore the role of political economy in adaptation to climate change and adaptive migration in
particular. Key Words: adaptation, climate change, migration, political ecology, social–ecological systems.
, , ,
     
, , , 
, 



, 
:  



,



  (Garı́funa)

,



, ,





, 


,   (Cordillera Blanca) 

, 












, 

, 

,







,



: , 

, —

De acuerdo con las narrativas corrientes acerca de la adaptación al cambio climático, quienes se enfrentan a los
escenarios de la peor clase, sin medios a su disposición para adaptarse in situ, tienen que encarar un conjunto
ineludible de estrategias de adaptación que en últimas incluyen el abandono permanente de espacios geográficos
que se han vuelto inhabitables e improductivos para uso humano. Pero el estrés ambiental y la capacidad
adaptativa se distribuyen desigualmente, y las estructuras de poder juegan un papel importante en su formación.
Aquı́ se sostiene que cuando el acceso a la tierra y al agua es impactado por estrés ambiental, las estructuras
que intervienen en su acceso son reforzadas, aun a expensas de las alternativas adaptativas para los pequeños
propietarios. De esa manera, los regı́menes de recursos dominantes colocan a la migración como la alternativa
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viable primaria de adaptación entre un conjunto de opciones cada vez más limitado. Este esquema se aplica a dos
análogos tempranos impactados por el cambio climático: aldeas garı́funas afectadas por inundación en la Costa
Norte de Honduras y comunidades que padecen cambiantes regı́menes hidrológicos en la Cordillera Blanca del
Perú por la recesión de glaciares. En ambos casos el estrés motiva nuevas formas de migración que refuerzan las
dominantes estructuras de poder. En Honduras, los migrantes de los estratos sociales pudientes se desplazan de
una manera más permanente, y en el Perú, el que en otros tiempos fuera un patrón histórico de migración laboral
se está convirtiendo en una necesidad práctica. Estos casos descubren el papel de la economı́a polı́tica en la
adaptación al cambio climático y sobre la migración adaptativa en particular. Palabras clave: adaptación, cambio
climático, migración, ecologı́a polı́tica, sistemas socio-ecológicos.
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lobal climate change scenarios warn that human landscapes could become uninhabitable,
unproductive, or otherwise unfit for human use
due to increasing storm surges, melting glaciers, and
changing rainfall regimes (Intergovernmental Panel
on Climate Change 2012; World Bank 2012). In
worst-case scenarios, environments are more hazardous,
negative impacts occur in livelihoods and economic
opportunities, and conflicts develop over dwindling resources. Looking for early analogues of things to come,
new research is focusing on migration dynamics taking place in climate “hot spots,” or vulnerable regions
across the planet where environmental stresses are spatially concomitant with poverty and rapid demographic
change (Hugo 2011). Two key conclusions of this research are that migration is either occurring because it is
a strategy for adapting to adverse conditions (McLeman
and Smit 2006; Bardsley and Hugo 2010) or because
local populations lack the capacity to adapt (Renaud
2007; Tacoli 2009).
Although climate change scenarios often assume
that some populations must adaptively migrate as their
landscapes are made unproductive by forces beyond
their control, this brand of environmental determinism
is contested by human geographers and political ecologists who point to the complex and uneven geographies
of human vulnerability across scales of analysis as
well as the ways in which adaptation is limited by
institutional rigidity, governance inefficiencies, or
pathway dependency (Adger et al. 2009; Liverman
2009; Peet, Robbins, and Watts 2011). The unequal
distribution of these adaptation alternatives highlights
the political mechanisms that constrain or expand
agency and raise questions about who produces what
kinds of social–environmental relationships and for
whom (Heynen, Kaika, and Swyngedouw 2006; Eakin
et al. 2009; Carey, Huggel et al. 2012). In this sense,
environmental migration should not be considered
environmentally predetermined but rather as an
expression of political economy as well.
This article builds on these discussions by arguing for
an adaptive systems framework that more effectively

incorporates political economy. It then comparatively
examines how political structures influence adaptation alternatives in two distinct case studies where
climate stresses are motivating migration and where
these stresses are advancing rapidly. These include
disappearing glaciers in Peru and the intensification
of tropical storms at sea level in Honduras. Climatic
stresses are undermining the availability of coastal land
(in Honduras) and water resources (in Peru), but also
in each case study, political economies have developed
around these key resources and mediate access to them.
This article hypothesizes that a systems approach to
adaptation that accounts for the structures that govern
access to changing resources is appropriate regardless
of the particular setting; to the extent that we can
apply such an approach to these highly contrasting
environments (with distinct social, political, and
economic histories), this substantiates its applicability
in understanding migration as adaptation to climate
change.

Political Economy as the Basic Structure
of Adaptive Systems
Decisions about migration are influenced not only
by climatic and other environmental changes but also
by a constellation of other drivers beyond the household level, such as economic scarcity, political pressure,
socioeconomic aspirations, and cultural values (Black,
Bennett, et al. 2011). Climate stress also feeds back into
these social processes by impacting a range of socioeconomic factors that present opportunities for migration,
such as education, access to services, access to health
care, remittances, income decline, and income variability (Hugo 2008; Feng, Krueger, and Oppenheimer 2010;
Raleigh and Jordan 2010; Lilleør and Van den Broeck
2011). Simultaneously, a clearer picture is emerging of
the context-specific constraints on human migration
behavior: Women possess different migration alternatives from men, young people from the elderly, and the
relatively wealthy from the poor (McLeman and Hunter
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2010; Gray and Mueller 2012). In addition, these constraints also lead people to remain in hazardous areas
when short-term benefits outweigh the risks associated
with potential hazards or when they identify risks associated with mobility (Carey 2010; Black, Adger, et al.
2011).
Adaptive migration is commonly framed as a question of livelihood resilience, and it is argued here that
resource inputs for livelihoods are linked to dynamics
at higher scales. Under “normal” conditions, household
livelihood strategies depend on social–ecological relationships that channel the essential inputs to human
life, like water and fertile soil, that enable productive
livelihoods and permit relatively stable modes of human
settlement (Hummel et al. 2012). These fundamental
relationships confer capacity to resist change or resilience to reorganize in the aftermath of a disturbance
(Folke 2006; Loarie et al. 2009), but environmental
disturbance (including climate stress) can also suddenly
and catastrophically overwhelm livelihood systems
(Anderies, Walker, and Kinzig 2006; Walker et al.
2006; Scheffer et al. 2009). When livelihood systems
can no longer absorb stress, people migrate (Wrathall
2012).
The availability of land and water are stabilizing
influences in rural livelihood systems, but these are
embedded into a set of power relations, practices, and
institutions that mediate access (Leach, Mearns, and
Scoones 1999; Rocheleau 2008). Of particular concern
are the institutional structures of domination and the
authorities, politics, and mechanisms that determine
resource distribution in society (Giddens 1984; Pelling
and Manuel-Navarrete 2011). Dominant structures, for
example, might include a water allocation regime or a
land tenure policy, which, over the course of time, order
specific resources and modes of resource accumulation.
These structures create periods of systemic stability,
and despite a tendency to be excessively rigid, they are
often able to withstand significant stress because they
are maintained through the exercise of coercive power
(Scheffer et al. 2002; Carpenter and Brock 2008). In
this way environmental stress might in fact reinforce
and amplify dominant structures, even while altering
or dissolving the resource relationships that undergird
livelihood stability at household levels. This increasingly inflexible systemic state, in which adaptation
alternatives rapidly diminish, is called a rigidity trap
(Allison and Hobbs 2004). In this way, political
economy sets up migration as an increasingly viable
adaptation alternative among a dwindling set of
adaptive choices.

3

Resource Politics and Climate Stress
in Honduras and Peru
To more carefully examine the relationship between
dominant political structures and adaptive migration,
case studies in Honduras and Peru were selected for
comparative analysis. The rationale for selecting these
locations is based on the similarly strong influence
that institutional structures exert over access to
essential resources—land in the case of Honduras
and water in Peru. The resource regimes in these
contexts—embodied in Honduras’s 1992 Law for the
Modernization and Development of the Agricultural
Sector, and Peru’s 2009 Water Resources Law—shifted
over the last few decades, with most of Latin America
in a neoliberal alignment toward a commoditization
and marketization of natural resources (Jansen and
Roquas 1998; Budds and Hinojosa 2012). Additionally,
in both cases, climate stresses—intensification of
storms and sea level rise in Honduras and melting
glaciers in Peru—also alter access to these essential
resources, undermining the bases of rural livelihoods
and motivating migration. For these two converging
reasons, a multimethod quasi-experimental comparative approach was used to examine the role of
dominant political structures in ordering alternatives
for adaptive migration. The sites are presented as
a continuum of exposure, forming the basis for a
quasi-experimental comparison of migration behaviors
by analogy (McLeman and Hunter 2010).

Tropical Storms, Dominant Land Tenure
Structures, and Migration in Honduras
We are currently in the midst of an active decadal cycle of Atlantic cyclones, and more energetic storms are
linked to increasing average sea surface temperatures
(Bender et al. 2010). Named tropical storms have made
landfall in northern Honduras in twelve of the last
fourteen years, and villages at sea level among estuarial
zones are experiencing a pattern of catastrophic flooding
and permanent, irreversible erosion of land, rendering
population centers uninhabitable. One particular Afroindigenous group, the Garı́funa, arrayed in over fifty
settlements, is on the frontline of exposure (Cochran,
Reese, and Liu 2009; Wrathall 2012). Almost without
exception, villages share common environmental
features that increase local susceptibility to land loss:
immediate proximity to sea level; a geological substrate
of loamy sand; proximity to fresh water sources;
proximity to the steep, (de)forested mountain ranges
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Figure 1. (A) and (B): Batalla, Honduras, in 2003 moving toward a
social–ecological threshold. (C) The
compounding environmental stressors
associated with Topical Depression
Gamma that breached thresholds in
November 2005. (D) Batalla, Honduras, in 2006 in a new stable state.
(Color figure available online.)

of Honduras’s interior; and exposure to wind, rainfall,
and storm surges associated with tropical storms. A
combination of cascading biophysical mechanisms
(including slope failures, overtopping, tree damage, and
internal erosion and liquefaction) together produce a
sudden, catastrophic shift that can occur within hours
(Figures 1C and 1D). These catastrophic shifts have occurred already in eight villages and more villages have
been identified as vulnerable. Mixed-method vulnerability mapping and ethnographic research were conducted in three of these communities at different stages
of exposure: Santa Rosa de Aguán (acute, progressive,
and repetitive flooding with > 300 households displaced
between 1998 and 2009), Batalla (acute, albeit more recent flooding with > 30 households displaced between
1998 and 2009), and Iriona (general flooding with
< 10 households displaced between 1998 and 2009).
The Garı́funa of northern Honduras have a complex
and storied historical relationship to land tenure and
migration, involving pre-Columbian ancestry and traditions, the African slave trade, mercantilism in the
eastern Caribbean, and forced exile to Honduras at the
hands of the British in 1797 (Gonzalez 1988). At various stages, en route to Honduras, the Garı́funas have
been marginalized by (and have fiercely resisted) the
dominant land tenure regimes of historical periods. Subsequent to the their arrival in Honduras, where this

analysis focuses, the extant land tenure regimes relegated Garı́funa settlements to the estuaries and small
river deltas of the coastal littoral (Garcı́a 2001). During
the colonial hacienda period of the nineteenth century
and the neocolonial era of the North American banana
companies of the twentieth century, land use conventions constrained access to land in Honduras’s interior,
confining the geographical extent of Garı́funas’ farming
practices to a narrow fringe of marginal mainland immediately adjacent to settlements (Garcı́a 2004; Soluri
2005). Responding to land scarcity and insecurity, the
Garı́funa engaged in mobile livelihoods based around
fishing and maritime trade across the Bay of Honduras through the nineteenth and twentieth centuries.
By the end of the twentieth century, the Garı́funa’s
transoceanic livelihoods situated them as longshoremen, navigators, and merchant marines throughout
North America and beyond, and this transformed them
into a community in diaspora—albeit one with an eye
fixed homeward (England 2006; Anderson 2009). Migration historically served the primary goal of remitting
incomes to the village. Ricardo explained:
To achieve upward mobility, to save money, to build a
house, it has always been thus that young people migrate.
And the idea traditionally is to return. Always! You would
work until you earned enough to establish a base: maybe a

Migration Amidst Climate Rigidity Traps
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restaurant, or a ranch, or an import–export business. Then
you could live very well in the village. You may not have
a fat life here, but you would be very comfortable.

The dominant structures around land ownership in
northern Honduras amplified during the latter half of
the twentieth century and have articulated with environmental stress to influence forms of adaptive migration that are essentially distinct from historical patterns.
The new dynamic interrupts the linkages between migrants (with their earnings) and their ancestral villages.
In 1992, a new neoliberal policy, the Law for the
Modernization and Development of the Agricultural
Sector, aligned with and amplified long-standing structures around land ownership. The policy mechanism
intended to formalize informal land tenure across the
country, exalting land commodification and even imposing privatization on land cooperatives (Jansen and
Roquas 1998). The policy enforced a prior constitutional entitlement to communal lands for ethnic communities, like the Garı́funa, but the impact of the
policy varied among communities. Communally titled lands generally came under immediate threat from
both powerful economic actors, as well as marginalized campesinos. The law provided industrial plantation
owners a favorable policy environment for monopolizing farmland on the coastal plains, easing restrictions
on the amount of land that a legal entity could possess.
In the cases of the Garı́funa communities of Limón
and Punta Piedra, ancestral lands were effectively surrounded by large industrial plantations and midscale
cattle ranches (Garcı́a 2004).
Land competition driven by economically powerful
actors has also created conditions for conflict among
marginalized social strata. Although conflicts over land
between Garı́funas and local Miskitus have occurred
historically (Mollett 2006), new land scarcity enflamed
tensions between Garı́funas and immigrant campesinos
from western Honduras. Under the 1992 law, although land invasions were prohibited, nonindigenous
campesinos who could show peaceful homesteading occupancy were eligible for formal land rights. In short,
this produced a number of invasions within indigenous
territories (Mollett 2011) and began a series of sustained challenges to communal control of Garı́funa territory, such as the ongoing conflicts in Iriona, and near
Punta Piedra, where each party is justifying its respective claims on the basis of the 1992 land laws.
The most troubling feature of this Honduran brand
of neoliberalism is the extent to which land transfers were not only mediated by the private market

5

but also through coercion, impunity, and naked violence. The recent bloody conflict over land in Bajo
Aguán—adjacent to one of the study sites but not directly affecting Garı́funas—is one manifestation of this
tendency (Bird 2011). In the words of one respondent
reporting on this common theme near Iriona, midscale
cattle ranchers would “cut down the Garı́funas’ fence
posts, and introduce cattle in our land. They wait for
you to complain with a pistol in their belt.” There is
little recourse in the courts, as the judicial process favors enterprises with legal representation and is highly
corruptible regardless. Maria reported:
People often see themselves as obligated to cede or sell
their lands, sometimes under threat of violence, for concern about their lives and their families. Municipal authorities even lend themselves to these misdeeds because
land is lucrative. Threats or not, the thing is, if someone
takes a liking to your property for one reason or another,
they will make your life impossible until they obtain it.

In the cases of Laguna de Zambuco, Rosita, Nueva Go,
and Cayo Venado, landowning estates have allegedly
fenced traditional Garı́funa plots or introduced cattle
(Garcı́a 2004).
This insecurity and land scarcity has transformed
land into cultural obsession and a centerpiece of
Garı́funa political solidarity (Anderson 2007), but
meanwhile at local levels, because land is limited,
Garı́funa livelihoods are increasingly concentrated in
and around the villages, putting significant environmental pressure on the geological substrate and local
ecology. Fishing, trading, intensive subsistence agriculture, and small-scale cattle ranching are the core of
village economic systems, and these activities require
docks, markets, and transport hubs, and in some areas, mangroves are cleared to provide space for pasture
(Cochran, Reese, and Liu 2009). Moreover, the intensification that accompanies these activities—foot, boat,
car, and livestock traffic—serves to disarticulate loose
soil structures that prevent erosion. Thus, the overall
environmental state of Garı́funa villages is increasingly
intense activity on increasingly small pieces of sensitive
terrain (Figure 1B). So the dominant structures around
access to land—the 1992 land policy regime and the
subsequent land scarcity—exacerbate the flooding risk
at local levels.
At the same time, dominant structures influence
the available alternatives for adaptive migration. First
and foremost, tropical storms are driving displacement,
and yet the total number of migrants from affected
communities well exceeds the number displaced. For
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Figure 2. Catastrophic flooding and
population change in Santa Rosa de
Aguán, Honduras. Although a maximum of ∼600 were displaced in the
initial storm, a much larger population migrated (A) and (B). This population profile remains relatively stable
through time despite other major storm
impacts and massive investment in resettlement projects.

example, according to cadastral records in Santa Rosa
de Aguán, a village that was catastrophically flooded
in 1998 with Hurricane Mitch, the predisaster population was approximately 7,200. And yet, although a
maximum of 600 individuals were displaced, the census
taken in 2001 found 3,787 individuals in the municipality. Nearly 3,000 additional people migrated. In 2009,
eleven years following the initial disaster, the cadastre
reported a population of about 3,500—half the predisaster population—despite an increase in the overall number of domiciles in the municipality, including 445 new
homes in four different resettlement projects (Figure 2).
At closer inspection, the trend in migration is different from historical modes for a number of reasons.
First, from the perspective of human timescales, land
is permanently disappearing, and there is no substantive regeneration. Displaced households can obtain land
within the village in increasingly vulnerable areas or
further away from the village and their fields. So in new
circumstances, a majority of displaced households sold
plots because, like Paulo, “we no longer had access to
it anyway. Ours was on the far side of the river, and
so after relocating here, we couldn’t get to it easily.”
Obtaining land for resettlements, another adaptation
strategy, was fraught with the same problems of land
conflict outlined earlier. Four resettlement organizers
(in each of the communities in the study) reported being physically threatened for their efforts to obtain land
for resettlement projects, and one organizer in Santa
Rosa de Aguán, the son of a respondent, was murdered

as he petitioned land from a rancher. Because adaptation alternatives within the villages are limited by land
scarcity, people adapted to environmental stress by liquidating vulnerable assets in and around the village,
investing in strategies outside of the villages: more permanent modes of migration. One respondent described
the general effect:
People used to leave here by the dozen and go to New
York. At that time, people used to bring money back
and it would enrich everybody, and there was work for
everybody in the village. I would build three houses, and
earn USD$10,000! But now, that money is gone. You
don’t see the investment in the village anymore, and now
you can’t find jobs. This is a problem that has affected the
whole community.

This new migration dynamic led a period of economic
decline and thus reinforced the persistent need for adaptive migration. “There were no jobs here!” respondents
expressed, “So, I had to leave.” In this way, land scarcity,
migration, and the cascading effects have led to the
emergence of a demographic profile that is relatively stable through time: Those with suitable alternatives left,
whereas others with diminishing prospects stayed behind (Figure 2B). One respondent elegantly described
the process, “In those first months after the storm, I
would have stayed, but everybody was planning to leave,
and so I had to decide to leave, too.”

Migration Amidst Climate Rigidity Traps
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Glacier Recession, Dominant Water
Provisioning Structures, and Migration
in Peru
Just as land availability is critical for livelihood
function, so is water provisioning, and climate change
and glacier recession are changing water availability in
the Tropical Andes. In Peru’s Santa River catchment,
glaciers function to regulate water flow interannually,
maintaining stability in ecological systems and supplying water to a host of regional users through both wet
and dry seasons. Historic and multiscalar observations,
however, identify an acceleration of glacier melt across
several decades, a nonlinear trend in the downstream
hydrological regime, and diminishing water supplies to
dependent smallholders during the dry season (Mark
et al. 2010). During the twentieth century, glacier cover
over the Cordillera Blanca has declined from 800 to
850 km2 in 1930 to slightly less than 600 km2 at the
end of the twentieth century (Georges 2004). During
the past few decades, water resources in the Cordillera
Blanca crossed a threshold of “peak water” (Baraer et al.
2012). New hydrological assessments based on hydrological data analysis and numerical modeling of nine
glacierized tributary watersheds of the Santa River indicate an evolution of glacier hydrology through four
impact phases of climate change (Figure 3). The over-

Figure 3. Four climate change impact phases of dry-season glacial
discharge. Phase 1: Increasing dry-season and yearly average discharges (as glaciers begin to recede); Phase 2: Annual average discharge reaches a “peak” (due to reduced glacier masses and diminishing dry season discharges); Phase 3: A pronounced decrease
in discharges (as glacier recession stabilizes); Phase 4: The end of
glaciers’ influence on dry-season outflows. Points indicate the allocation of nine subcatchments in the Cordillera Blanca across the
four phases.
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all state of studied watersheds indicates that, on average, glacier-fed rivers are experiencing an increase in
discharge variability and a decrease in dry-season discharge (Phase 3), and it is likely that the Santa River’s
peak discharge occurred around 1980. One of the Phase
3 watersheds, La Balsa, likely crossed the threshold from
Phase 2 near 1970. These nine subcatchments form the
basis for quasi-experimental comparison of migration
behaviors, and hydrological modeling was paired with
survey and ethnographic research in settlements along
three of these subcatchments, the districts of Yungay
(Phase 2), Huaraz (Phase 3), and Catac (Phase 4).
In Peru, water-provisioning systems have been a critical basis of human settlements across the Western Pacific slope for millennia, largely because only 2 percent
of the country’s total fresh water flows through the arid
west. Highland smallholders in the Cordillera Blanca
historically utilized glacial meltwater to provide yearround water for the cultivation of staples and market
crops. Since the conquest of Peru in the mid-1500s, the
structures of domination that govern hydraulic relations
in the region have been based on highly unequal access
to water resources and distribution systems. Generally,
through the colonial and neocolonial periods, access
to water resources (and jointly arable land resources)
was mediated by hacienda institutional control in the
highlands and by large sugarcane plantations along the
coast (Galeano 1973; Thorp and Bertram 1978). Nevertheless, during this time, smallholders in the upper
catchments independently relied on often decentralized and ad hoc access to irrigation systems and springs.
Beginning in the late 1960s, though, new agrarian reform movements and successive revolutionary military
dictatorships partially restructured land and water institutions across the highlands, fostering the growth of
smallholder agriculture and livelihood systems and the
creation of new water use and distribution institutions
(Cameron 1994). This evolution in water governance
regimes coincided with a national economic strategy beginning in the 1990s that prioritized export-led growth
(Bury 2005). Heavy concentrations of infrastructural
investments on the coast began a process of rapid emigration from the rural highlands and urbanization of
the coast that is sustained through the present, so that
today Peru is one of the most urbanized countries in
South America (Álvarez-Berrı́os et al. 2013). This relatively recent pattern of demographic transformation is
still unfolding in the Cordillera Blanca as populations
move coastward (Bury, Mark, and McKenzie 2013).
During this revolutionary period and through
the mid-1970s, water governance remained spatially
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discrete across the steep Andean coastal escarpment
that links coastal and highland altitudinal zones. Water resource use along the coast intensified significantly
as new large-scale national agricultural initiatives and
water distribution systems such as Chinecas and Chavimochic were developed (Kus 1987). The growing water
needs of coastal plantation and urban centers shifted
the locus of water management upstream. Over the
past decade, due to the limits to freshwater availability and increasing intensification of water use, coastal
and highland water users and management institutions
have become increasingly linked across geographic and
political scales.
In the Santa River watershed of the Cordillera
Blanca, a number of new tensions related to water
resources have recently begun to emerge. In its more
than 300-km course, the Santa River articulates the
water demands of highland agro-pastoralists, growing
urban centers, a U.S.-owned hydropower company, extractive industries, and numerous agro-exporters producing crops like asparagus, tamarind, and paprika for
distant markets (Mark et al. 2010; Carey, Huggel et al.
2012; Bury, Mark, and McKenzie 2013). Facing mounting competition and conflicts between economic sectors, Peruvian lawmakers passed new water legislation
in 2009 premised on the concept of integrated water
management. Conceptually, the law is attractive for
its emphasis on balancing different environmental, cultural, and economic values of water, as well as for its
ambitious reconfiguration of the institutional landscape
of hydrologic resource management in Peru. Yet, the institutional flexibility necessary to implement the law’s
ambitious vision demands collaboration and compromise across the factious political and economic sectors,
including broad public participation (Autoridad Nacional del Agua 2009). This increasing institutional
interconnectedness has begun a period of conflict over
access to water resources and distribution with several
high-profile disputes, including the conflict between
campesino organizations and Duke Energy at Lake Paron
(Carey, French, and O’Brien 2012). Water laws present
opportunities for powerful economic actors to control
water resources even further, increasing the rigidity of
water provisioning systems across the region.
Climate-driven hydrological trends in the Santa
River watershed are already decades old and, in conjunction with other climate-change-related stresses, are
driving new patterns of migration behavior. Migration is
motivated by livelihood stress, but the form that it takes
is shaped by dominant institutional forces. Semistructured interviews conducted with households across all

nine watersheds support the “peak water” hypothesis
and its implicit risks to livelihoods. For example, respondents from communities in Phase 2 subcatchments
reported risks from a superabundance of water as canal
water levels were at maximum during 2012 and threatened land and crops through flooding and soil erosion.
Conversely, communities in Phase 4 subcatchments
reported in 2012 that canals were empty halfway
through the dry season, which led to significant crop
mortality. In addition, respondents reported switching
completely from irrigation to rain-fed agriculture,
which has increased the risks to crops from increasing
weather and temperature extremes. Households across
the upper Santa watersheds have widely reported increasing extremes in daily and seasonal temperature and
weather variability. This includes factors such as colder
nighttime temperatures, warmer and drier daytime
conditions, and precipitation events that have become
more extreme and are occurring more frequently during
the dry season (see also Bury et al. 2011). Whereas
historically smallholders irrigated fields once weekly,
because of warmer daytime temperatures, crops must be
irrigated at more frequent intervals. At the same time,
heavy frosts have been more intense and have occurred
more frequently during the growing season. Frosts
pose a risk to household livelihoods in all catchments,
regardless of water abundance. As Victor, a rural smallholder, described the challenge to livelihoods in Phase
2 catchments, “We still have water, and we can adapt
to the pests and poor quality soil with pesticides and
fertilizer, but there is no adaptation to the cold nights.”
Households facing risks have begun to pursue new resource diversification strategies, including an increasing
reliance on migration and remittances. Semistructured
interviews conducted in 2012 with migrants across the
region indicated that increasing livelihood risks are intensifying historical population dynamics and migration
behavior. Relative to respondents in Phase 2 subcatchments, respondents in Phase 4 subcatchments reported
increasing expectations that young members of their
household will migrate to Peru’s cities and remit money
to contribute to household budgets back home. Population data illustrate this relationship between livelihood
risk and migration: Communities in subcatchments
in the more advanced stages of hydrologic change
where households are switching to rain-fed agriculture
(Phases 3 and 4) have the most fragmented populations
(Figure 4). Environmental stress is concomitant with
higher concentrations of elderly people and absent
working-age populations relative to those areas with
more regular water supplies. This trend was consistently
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Figure 4. A demographic shift: A comparison of populations in different climate impact phases. Age of population (y axis) against total
population (x axis). (Color figure available online.)

observed in our study areas, and ground-truthed in field
visits.
Households also indicated widespread preoccupation
with larger, and more sudden, climate change–related
risks such as glacier lake outburst floods (GLOFS)
and avalanches, both of which have occurred repeatedly over the past few decades with devastating consequences for the lives and livelihoods of people beneath
the glaciers of the region (Carey 2010; Carey, Huggel
et al. 2012). In past decades, GLOFs and glacier landslides have killed more than 20,000 residents, and there
have been subsequent population relocations, both in
the immediate areas destroyed by these disasters and
more widespread emigration from the effected regions.
After the 1941 GLOF, for example, the downtown section of the destroyed city of Huaraz was left empty for

decades while people resettled and rebuilt elsewhere
in the city. After the zone’s catastrophic earthquake
and Yungay avalanche in 1970 that killed a combined
55,000 people, thousands of middle- and upper-class
urban residents emigrated to Lima. As those residents
fled the region’s urban areas in the disaster’s aftermath,
rural farmers inhabiting upland slopes migrated to the
partially vacated urban areas in search of aid, food, and
shelter so that one third of the Callejón de Huaylas
population inhabited urban areas by the early 1970s
(Walton 1974).
Like Honduras, the dominant structures for water
resource provisioning limit the available adaptation alternatives and accelerate existing modes of migration
as the most desirable among a dwindling set of possibilities. Cesar, a smallholder in Catac, reported that in
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the switch to rain-fed agriculture, water provisioning is
as much a function of stream flows as it is about new
restrictions on use.
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Because of the shortages, we’re required to share the small
amount of water that we have. There are lots of restrictions
and rules about water use, more than in the past. We’re
taking lessons from the communities that already rely on
rain-fed agriculture.

New restrictions meet headlong with aspirations of the
younger generation, who “don’t want to farm because
there are easier, more productive alternatives” like mining, manual labor, and construction. What appears as
the expression of agency in adaptation, however, is also
a reflection of limited alternatives. As Rafael stated,
“Young people couldn’t stay here even if they wanted
to because there is less water and more rules.”

Discussion
The most significant difference between the sites is
the nature of climate disturbances, the time frame of exposure, and forcing: Glacier melting is a secular change
(nonperiodic, long term) with progressive unfolding
(albeit with enhanced likelihood of secondary shocks
like GLOFs), whereas tropical storms are near instantaneous from a resource change perspective and difficult
to predict with specificity but will be increasingly
likely given progressive intensification of the boundary
forcings (higher sea surface temperatures, enhanced
tropospheric heat, and water cycling). Furthermore,
within each context, often subtle but significant
differences existed in the way dominant structures were
expressed between communities. For example, some
Garı́funa villages were surrounded by African palm,
whereas others were surrounded by cattle ranches.
Likewise, some of the study areas in Peru were home to
mining operations, which introduced specific dynamics
in water competition. Despite these differences, in
both cases, structures of domination generally shaped
the new forms that migration took in the presence of
climate stress (Figure 2 and Figure 4). In Honduras, migrants from wealthier social strata are moving on a more
permanent basis, and in Peru, the once historical pattern of labor migration is becoming a practical necessity.
The analysis so far has focused on adaptation within
community scales, but structures of dominance have significant implications for broader scales. First, it is tempting to praise emigration and increased reliance on remittances as a novel form of adaptation, but this dynamic
reinforces inequitable structures. In Honduras, for ex-

ample, displaced Garı́funa households reported selling
lands to mid- and large-scale mestizo cattle ranchers on
the peripheries of the villages to cope with economic
losses, repay debts, and manage future risks. Environmental stress and migration become a mechanism by
which indigenous controlled lands are inserted into the
private market and ceded to nonindigenous tenants.
This has implications for the social and political cohesiveness of the entire indigenous group. In Peru, migration was reported to serve as a pressure valve, loosening
households’ dependence on water, such that competition over remaining resources favors vested stakeholders in the Santa River. In the context of decreasing
water availability and ever more inflexible and interconnected water provisioning, smallholder households
must compete with powerful water consumers to secure
alternatives for in situ adaptation. Several high-profile
cases of water conflict between communities and waterintensive industries, such as hydropower and mining operations, are evidence of rigidity in the system (Carey,
French, and O’Brien 2012; Lynch 2012). When young
people migrate, it reduces demand and resolves the conflict.

Conclusion
Environmental stress and adaptation alternatives,
like migration, are historically derived and politically
embedded. This conceptualization goes beyond viewing migration as adaptation or lack thereof but rather as
an aspect of a shift produced by fundamental structures
of power and domination that circumscribe options for
local adaptations and instead promote alternatives, like
migration, that displace adaptation to other geographical spaces. Reinserting an analysis of power relations at
the heart of adaptive systems approaches coincides with
the agenda of political ecology by encouraging a formulation of social–ecological structures that delimit access
to resources (Heynen, Kaika, and Swyngedouw 2006;
Pelling 2010). Moreover, by shedding light on the politics that order inequalities in the opportunity to adapt,
scholarship on environmental change and human and
political ecology can provide insight into the interaction of human agency and social (ecological) structure
(Tompkins and Adger 2004; Eriksen et al. 2011).
In particular, more research must be devoted to
the capacities of vulnerable people to adapt in
new social–ecological states—the rigidity traps—that
emerge as environmental stress and migration feedback against each other and how those traps can
be mitigated. This article comes at a timely policy
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moment in the United Nations Framework Convention
on Climate Change negotiations, with international
agreement to clarify modalities of human mobility visà-vis climate change in future conferences of parties. It
is imperative to move discourses about climate change
adaptation—and particularly climate-induced displacement and migration—away from environmental determinism and toward social–ecological possibilism. Political economies constrain adaptive alternatives and
force the undesirable scenarios in which migration occurs. In this respect, geography, for its multidisciplinary
emphasis on both environmental change and resource
politics, is particularly well situated for advancing this
area of policy and research at a critical juncture in human history.
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