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Abstract Many regions of the world are experiencing the impacts of climate
change, which include the increasing variability of weather as well as increased
drought and flood. Although many areas have had a long history of this variability
and have a strong historic practice of adaptation, increasing variability has had a
significant impact on adaptive strategies of agricultural producers over the last
several years.

Drawing on comparative vulnerability studies of agricultural producers in dry-
land river basins in Argentina, Canada, and Colombia, this paper presents an
analysis of the adaptive strategies employed by agricultural producers in
responding to climate change impacts and an analysis of how these adaptive
strategies have built resilience and improved producers’ living conditions. Com-
mon exposures and sensitivities, linked with increasing variability, isolate impor-
tant new adaptive strategies. Particular attention to the connection of these
strategies to social, economic and institutional capital and the inter-relationship
of these provides important insight for future adaptation. These research findings
will be useful for governments, policymakers, and organizations assisting with
adaptation.

This paper presents results of the research program Vulnerability to Climate Extremes in the
Americas (VACEA) financed by the International Research Initiative on Adaptation to Climate
Change [International Development Research Centre (IDRC), Canadian Institutes of Health
Research, Natural Sciences and Engineering Research Council of Canada and social Sciences
and Humanities Research Council of Canada].
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Introduction

This work addresses farmers’ adaptations to climate variability in three regions of
Argentina, Canada and Colombia. The purpose is to inform institutions and com-
munities in planning a sustainable adaptation agenda. In drought- or flood-prone
regions, adaptation to these natural phenomena is not a new issue. However,
changing environmental conditions engender new challenges, not only to social
actors inhabiting the territories but also to institutions that manage natural
resources. Climate variability (understood as climate fluctuations above or below
a long-term average value) involves problems of water quantity and quality to meet
human, productive and ecological demands in arid and semi-arid ecosystems, as
well as increasing flood probability for many regions. The occurrence of climate
extremes, such as drought and flooding, are expected to increase as anthropogenic
change affects natural climatic variability (IPCC 2015). Climate extremes that
seriously affect crops undermine the conditions and possibilities in which producers
can become more resilient to weather contingencies and to varying adversities.

Adaptation has been defined as adjustments made to human-environmental
systems in response to expected or experienced climate impacts (Smit
et al. 2000). Effective adaptation can reduce the vulnerability of a system (such
as a household, community, or institution, for example) to climate extremes.
Although mitigation of future climate change is important, the irreversibility—
and thus inevitability—of existing anthropogenic climate change means that adap-
tation to future climate extremes is necessary (IPCC 2015).

The dominant approach to climate change adaptation has emphasized “techno-
logy, institutions and managerial systems” as key to successful adaptation (Eriksen
etal. 2011). However, technology and infrastructure are inherently social, and more
recent analysis has acknowledged the importance of social, economic, and political
factors in determining adaptive capacity and adaptive strategies (Adger 2003;
Below et al. 2012; Field et al. 2012). Adaptive strategies largely depend on
economic and technological resources, information, knowledge, skills, social cap-
ital and institutional capital (Wisner et al. 2003; IPCC 2007; UNEP 2013). How-
ever, these strategies, whether institutional or autonomously initiated by farmers,
are not always effective enough to become sustainable adaptations that increase the
resilience of the stakeholders. Sometimes, this is due to “misuse” or inefficient use
of resources. Other times, farmers’ adaptive capacity is limited by social, political,
or economic factors and resource constraints. “The underlying social, economic,
institutional, and cultural conditions that contribute to a wider context for vulner-
ability” must be understood (Eriksen et al. 2011, p. 11).

The conditions that affect adaptation are context-specific IPCC 2015). A 2006
review of the literature on adaptation (Smit and Wandel 2006) found a shortage of
context-specific studies investigating adaptation in particular regions or
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communities, particularly studies where key vulnerabilities and adaptive strategies
are identified through research with the communities themselves and not a priori
(Smit and Wandel 2006). Understanding of context-specific adaptation needs is
important, as are the local and traditional knowledge systems that also determine
adaptation in a given location (IPCC 2015).

Adaptation is not a linear process where social systems simply adjust to natural
stimuli. It is a struggle for access and control of material and social goods, and
participation in political processes that determine the management, access, use, and
distribution of natural goods. In other words, adaptation has also a sociopolitical
dimension (Dietz 2013). Therefore, the possibility of developing adaptations that
foster resilience should address the transformation of the root causes that make
social systems vulnerable. Many of these are not even directly associated with
climatic or environmental issues. From this framework, the aim of this paper is to
assess farmers’ adaptations and strategies for coping with climate events as well as
with other relevant non-climatic stressors in three case studies.

The Wide Spectrum of Adaptations

Despite the widely recognized importance of adaptation, not all adaptation strate-
gies are equally effective or beneficial. Moreover, what is often not questioned is
the purpose of adaptations or their consequences. As not all adaptations lead to the
same results, it is necessary to take into account the possible impacts of each. For
example, many are focused strategies (such as the incorporation of technology,
placement of hail nets, modification of irrigation shifts) that simply seek to adjust to
the new conditions exclusively through cushioning the impact of climatic events.
Some adaptive strategies may actually prove detrimental to adaptive capacity over
the long term; for example, some strategies may increase social differentiation or
environmental degradation. Climate risk management based on scientific informa-
tion is a broader strategy than the impact focus. Climate risk management builds a
standpoint that enables informed decision-making. In this way, it provides long-
term solutions (Lozoya et al. 2011). The effect of climate risk management
approaches on resilience will not be automatic; instead, it will depend on how
that information is “translated” and distributed among producers.

A step towards building resilience and sustainable adaptation is to recognize
that adaptive responses should go beyond climate and aim at troubleshooting and
addressing systemic problems (Bassett and Fogelman 2013). Examples of such
resilience-building efforts include the improvement of intersectoral coordination
(Mearns and Norton 2010) or the enhancement of producers’ capacities (Agrawal
and Perrin 2009) through livelihood diversification or educational and health
promotion. These practices are not exclusively related to environmental change
policies, and fall within the spectrum of development and poverty reduction pro-
grams. Thus, adaptation to climate variability is an indirect effect of these other
kinds of policies. Given the diversity of strategies and their impact on actors’
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resilience, the role of institutions that manage water, climate and production also
becomes fundamental for adaptation planning.

Methodology

The analysis of adaptation discussed here is part of a broader international research
project called “Vulnerability and Adaptation to Climate Extremes in the Americas”
(VACEA). The project developed a model for assessing vulnerability to extreme
events in rural contexts from an integrative and interdisciplinary approach.' The
interdisciplinary project brought together natural and social scientists to examine
vulnerability and adaptation to past and future climate events.

Our analysis here is based on participatory community vulnerability assessments
(CVAs). The CVAs involved semi-structured interviews conducted with rural pro-
ducers in the three case study areas; our analysis is, therefore, based on qualitative
data. In Argentina, the sample consisted of 41 farmers and irrigation water man-
agers along the districts of the basin and 25 institutional representatives from water,
environmental and production institutional areas at national, provincial and local
levels. The Canadian study included 170 participants: 100 were farmers, ranchers,
and rural residents, and 70 were governance representatives working in the agri-
cultural industry in the study area. In Colombia, 20 coffee farmers were interviewed
in Chinchina and Villamaria municipalities as well as 14 officials from institutions
identified as key for governance of climate variability at the regional level.

Informants were selected through theoretical, non-probabilistic sampling based
on their theoretical relevance to the research question and considering key variables
for each study area: location of the farm in the basin, type of productive activity,
farm size, use of labour force, etc.

The interviews were guided by a set of open topics that inquired about the
different dimensions of vulnerability: exposures (climatic and non-climatic) that
producers face; adaptive capacities for coping with exposures, and their perceptions
of the future. Their responses highlighted the importance of underlying social,
political, and economic factors in determining adaptive capacity to extreme events.
Interviews were conducted until theoretical saturation was reached, i.e., until no

'The VACEA project (see footnote #1) involves three sets of interrelated activities: (1) Evaluation
of past, present and future vulnerabilities related to climate, agriculture and natural resources using
climatological scenarios and future climate projections for the areas; (2) Analysis of the vulner-
abilities of communities using a combination of in-depth interviews—which inquired about risk
exposures, sensitivities and adaptation strategies of farmers—and secondary socioeconomic data.
This activity also included a study of the role of institutions in adaptability. (3) Finally, bringing
together the insights produced by the first two sets of activities in order to assess future vulner-
abilities based on how the current vulnerabilities will be affected by the expected future condi-
tions. The analysis of adaptive capacity in this chapter corresponds to the second set of activities
within the larger research project (For further information about the conceptual framework of
VACEA project, see Harry Diaz in this volume).
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new information was being produced (Glasser and Strauss 1967). Results from each
case study were analyzed with NVivo 10 software for qualitative data.

Findings
Variability and Adaptations in Mendoza

Mendoza is an Argentinian province located in the west-central part of the country,
near the Andes mountain range. As it is a semiarid region (it is part of the South
American arid diagonal), agriculture and most human activities are only possible by
the intentional handling of water coming from rivers originating in the Andes as a
result of snowmelt and glaciers. Thus, the provincial territory is fragmented
between the irrigated oasis (fed by a dense network of surface irrigation and
where agribusiness has concentrated wine emblematic enclaves and all their mate-
rial and symbolic representations) and drylands, that is, the part of the territory that
has been excluded from irrigation system, so-called “deserts”.

Hail, frost and the decrease in available water for irrigation are the main events
of climate variability in Mendoza. The strategies producers deploy to adapt to these
events mainly correspond to their economic capacity. To prevent the impact of
frost, producers apply fairly precarious techniques such as moistening the soil and
crops and setting fire to raise the temperature. Hail damage is absorbed with
expensive protective nets partially subsidized by the state. In addition to these
focused methods some producers obtain insurance; however, such insurance is
insufficient because it fails to cover the complete loss. When producers receive
their share they have already failed to recover profitability. However, insurance
allows producers to survive from one cycle to another.

Only some large producers develop their own information systems to plan
adaptations. In most cases, public institutions are the ones that develop preventive
plans through the use of specific information. With the exception of these insti-
tutional strategies from the State, large producers are the ones who can be more
resilient to hail and frost because they have easier access to investment, credits and
allowances demanded by these adaptations.

Although producers in Mendoza have historically employed these mechanisms
to adapt to these events, they have become increasingly more insufficient and
ineffective. Hail and frost indirectly threaten the living conditions of families
who fail to gather enough capital to meet production losses cycle after cycle. The
inability to adapt is a bottleneck to the resilience of these actors.

Climate variability also affects water availability. In a basin irrigated by water
coming down the mountain, the snow decrease seriously affects available flows
downstream. This produces a direct impact on the quality and quantity of produc-
tion. In a similar way to hail and frost, the range of adaptations to the decrease in
water for irrigation is mediated by access to resources. In addition, not all producers
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get the same results, not only with respect to obtaining water but with respect to the
situation of vulnerability and resilience of the producers.

Through specialized information, the water authority anticipates the annual
availability of water. Based on those forecasts, it establishes how the quantity of
allocated water will change. Based on this information at the beginning of a cycle,
the producers would have the possibility of planning their practices and adapt to the
announced volumes. The effect of this reduction of allocated water on farmers’
livelihoods is different, since not all the producers depend, in the same way, on
surface water. This is because access to underground water is the most important
adaptation to diminishing flows. It can mean the difference between a good harvest
and a bad one, so that those who have access to this alternative source are much
more resilient than those who do not. This adaptation not only depends on the
ownership of a license for using ground water, but on the economic resources to
operate the well since the construction, maintenance and operation costs are
very high.

Other adaptations to water shortage are the construction of private water reser-
voirs and irrigation technology. These two strategies make producers more resilient
because by these mechanisms they are untied from the ‘“variability of nature”.
Those farmers without the economic resources to develop these practices rely on
precarious practices of water management on the farms. Although not as crucial as
resource availability, individual aspects are also important. While some small
producers receive drought relatively passively, non-technological practices do
demand dedication and expertise. This initiative of change is relevant to increase
resilience. Predisposition to adapt is also the basis of another important strategy for
small producers. Agreements to share wells create possibilities that these producers
could not engage in individually. Even though these practices are not abundant,
they produce an outcome beyond the impact focus and build capacities to creatively
address lack of water. One of the main limiting factors is the lack of confidence
based on bad experiences. At the same time the State reveals an ambivalent attitude
towards non-technological adaptive practices. On the one hand it promotes these
practices giving financial aid and priority to these collective orders above the
individual ones. But on the other, it restricts this access because in practice it
does not facilitate the procedures.

Adaptations and Resilience Beyond the Climate

Associative organizations for common use of water, technology and machinery
contribute to the improvement of producers’ adaptive capacity. But cooperative
networks in Mendoza are also a successful adaptation in another sense, not directly
related to climate variability but through strengthening networks that ensure the
commercialization of crops. Cooperative networks function together as an inte-
grated, collective actor that is able to interact with the State and stands as a
consolidated and valid interlocutor in the sector. However, on the other side, the
system for purchasing commodities has acquired the modality of an oligopoly in
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which only a few companies” decide the market value in a manner that prevents
farmers from obtaining favorable prices. Despite the inability to obtain desirable
prices, the cooperative networks make a difference with respect to small producers
of fruit and vegetables who otherwise would not have secured the ability to market
their products.

Up to 60 % of farmers in Mendoza rely on off-farm income (CNA 2002). Income
diversification, creating alternatives to the agricultural economic activities (com-
mercial, community, tourist services, etc.), is considered by mainstream adaptation
literature as one of the adaptations that most contributes to building resilience. In
the case of Mendoza, this correlation is not linear since these new revenues that
producers get, usually come from precarious and not well-paid jobs. Therefore, it is
probably an indicator of reduced climate exposures, but not necessarily an indi-
cator of better life quality or less vulnerability (Montana 2008 ). Whether diversifi-
cation builds or not, resilience requires an assessment of the type of work these
diversified incomes come from.

While some producers are forced to diversify their incomes due to the failure of
investment that the market demands, others opt for changing activity drastically.
This means their defeat as producers. The sale of land for the real estate business is
one of the most drastic options for producers in response to low profitability of their
production. In contrast, income diversification acquires another meaning for large
producers, for whom it is associated with the investment in new economic areas.
This places large producers in a better position to cope with the consequences of
climate change.

Variability and Adaptations in the Canadian Prairies

The South Saskatchewan River Basin (SSRB) runs for 998 km across the Canadian
provinces of Alberta and Saskatchewan (PSRB 2009). Large portions of the basin
are located within Palliser’s Triangle, a region known for severe and prolonged
drought. Although 30 % of the basin is classified as arid (Wandel et al. 2010), the
SSRB is an important site for agricultural production in Canada. Farmers and
ranchers in the area produce cattle, grain, pulses, and vegetable crops. The Cana-
dian study included four communities across the SSRB: the communities of Taber
and Pincher Creek in the Oldman River Watershed (ORW) of Alberta, and the
communities of Rush Lake and Shaunavon in the Swift Current Creek Watershed
(SCCW) of Saskatchewan.

Farmers and ranchers in the SSRB are generally well adapted to drought and dry
conditions. Strong adaptive practices have resulted from generations of knowledge
sharing between farmers, as well as from government investment in agriculture.

2Most small and medium farmers sell their grapes to four large corporations that produce common
wines: Penaflor, Baggio, FE.CO.VI.TA and Catena.
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Recent years have brought new adaptive practices, such as the use of drought-
resistant crop varieties and zero-till agriculture; however, recent years have also
brought new political and economic challenges for producers in the region.

The majority of farmers in the SSRB have embraced minimum-till or zero-till
practices to reduce soil erosion. These practices have been driven, in part, by
memories of the 1930s, when a combination of land-degrading cultivation practices
and severe drought caused suffering and starvation in the prairie region (March-
ildon et al. 2008; McLeman et al. 2013). As a response to the historic drought, the
federal government created the Prairie Farm Rehabilitation Administration (PFRA)
to facilitate sustainable development in the prairies. Over its almost 80-year
lifespan the PFRA implemented a number of programs to reduce erosion and
manage natural prairie grasslands. The PFRA also established drought adaptation
infrastructure, including a number of irrigation projects across the driest part of the
prairies.

Although the majority of agricultural producers in the SSRB still lack access to
irrigation, the communities of Taber and Rush Lake are an exception. Some Rush
Lake producers have access to a limited number of flood-irrigated acres, which are
used mostly for hay. The community of Taber stands out as a key site for irrigation
in the basin. High-tech irrigation infrastructure allows production of high-value but
water dependent crops such as sugar beets, corn, and potatoes. Several large
facilities are located in the Taber area to process these products. Although irrigation
increases adaptive capacity in general, producers of water-intensive crops face the
threat of a severe or protracted drought that depletes irrigation reservoirs; this poses
a risk not only for producers but also for those employed in the local processing
sector.

Producers also engage in farm-level adaptation. For ranchers, a major challenge
is ensuring a sufficient supply of hay, a drought-sensitive crop used to feed cattle.
Many ranchers prepare for dry years by stockpiling hay. Crop producers make
decisions based on the drought tolerance of crops; the introduction of new pulse
crops to the region (e.g., lentils) has added new rotational possibilities to the
historically dominant drought-resistant crops like wheat and barley.

Adaptations and Resilience Beyond the Climate

Despite the number of adaptive practices employed in the region, producers’
adaptive capacity is affected by underlying economic, social, and political prob-
lems. Financial issues, especially the high cost of inputs, were the most commonly
mentioned stressor for the producers in the study. Farmers now pay more for
patented and certified seed varieties that promise high yields and increased resis-
tance to drought and excess precipitation. However, these adaptive strategies may
paradoxically increase vulnerability: a crop produced with more expensive seed is a
more expensive crop lost to a climate disaster. Minimum and zero-till technology
saves time and money by reducing cultivation; however, it also causes farmers to
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rely heavily on specialized equipment and chemical herbicides for weed control.
This can increase input costs and agro-chemical use.

A key adaptive response to financial challenges, for many farmers, has been to
increase the size of the farm. Over the past decade, the overall number of prairie
farms has dropped dramatically (Statistics Canada 2011, 2006), and many farms
have grown larger in a quest for financial sustainability and others leave the
industry. Many study participants discussed the social changes this phenomenon
has caused. Rural communities in the SSRB are now faced with declining
populations, loss of services, and the associated impacts on social capital.

Similar to the case of Mendoza, farmers in the Canadian prairies rely increas-
ingly on off-farm work to supplement farm income and to stabilize risk (Alasia and
Bollman 2009; Jetté-Nantel et al. 2011). Approximately half of all farm men and
women in Canada hold off-farm employment (Statistics Canada 2011). While
off-farm work may increase adaptive capacity by providing a reliable source of
income, this work can also add stress and additional hours to farmers’ already
lengthy workday. Although livelihood diversification is a commonly promoted
adaptive strategy for agricultural producers, it is important to examine how such
diversification can affect farmers’ quality of life in both positive and negative ways.

Agricultural producers also face challenges related to policy and institutional
programming. Over the past two decades a number of farm support policies and
programs have been eliminated. In 2009, the federal government announced plans
to divest of its PFRA irrigation projects. This development has been a significant
source of stress for irrigators in the Rush Lake area, who now face the cost of
privately operating the irrigation system. Community pastures—a significant
source of protection for native prairie grasses—are also part of the divestiture.
Some farmers are concerned about the impacts of these changes on rural commu-
nities, future adaptation, and long-term environmental sustainability.

Variability and Adaptations in Chinchina River Basin

The Chinchina River basin is located on the central mountain range of the Andes, in
the department of Caldas, Colombia. Within the river basin there are receding
tropical glaciers, pdramos, temperate regions, as well as desert semi-arid land-
scapes. The rainfall in the Chinchina river basin is bimodal, which means that
during the year there are two periods with high precipitation and two periods with
less precipitation (Poveda 2004). This annual distribution of precipitation defines
the flowering and harvesting periods in the Colombian coffee producing areas
(Jaramillo Robledo and Ramirez Builes 2013). At inter-annual timescales, El
Nino-Southern Oscillation (ENSO) is the most important phenomenon related to
climate variability in Colombia. During the warm phase of ENSO—what is called
El Nino—the country experiences negative anomalies in rainfall, soil moisture, and
river discharges. During the cold phase of ENSO—called La Nina—there are
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positive anomalies such as heavy rainfalls and increases in the average level of the
rivers (Poveda 2004; Poveda et al. 2001, 2011).

La Nina periods have negative consequences on the growth and flowering of
coffee trees, as well as increasing the incidence of coffee rust (Hemilea vastatrix
Berk and Br). There is also an increase in the frequency of landslides, which destroy
roads, houses and crops (Poveda et al. 2014; Garcia Pineda 2013). El Nino, on the
other side, extends the drier season, which damages the coffee fruit harvest and
increases the incidence of pests such as the coffee berry borer (Hypothenemus
hampet), the “minador” of the cafeto leaves (Leucoptera coffellum) and the “red
spider” (Oliganychus yotherse) (Ramirez Builes et al. 2014).

Given this climate variability, there are several risk-reducing strategies spon-
sored by the Colombian Coffee Growers Federation in order to attain “climate
intelligent coffee production”. These strategies include: (1) Replacement of
existing coffee plants with the Castillo variety, which is resistant to “coffee rust”
(Hemileia vastatrix). This has been possible due to producers’ better access to both
financial credit and to a certain amount of free fertilizers provided by the state
according to the number of new plants (Garcia Pineda 2013; Silva Restrepo 2013).
In total, 3250 million trees have been replaced between 2009 and 2014 (FNC 2015);
(2) Sowing the coffee plants following the contour of the slopes, increasing plant
density, and planting shrubs for both reducing rain erosion and the effect of the
thermal amplitude (Ramirez Builes et al. 2014); (3) Cultural practices such as the
integral management of weeds to maintain the coverage around each of the coffee
plants, use of high quality seeds, timely and adequate fertilization, recollection of
fruits left in the field after the harvest, gathering the fallen fruit to reduce the
presence of “broca” (Hypothenemus hampei), monitoring of Lepidoptera, and use
of miticide (Galindo et al. 2013; Ramirez Builes et al. 2014); (4) Ecologically
beneficial coffee production processes, such as use of equipment that allows for the
removal of pulp and the mucilage of the coffee seeds using less water, which reduce
the amount of polluted water going into the local water sources (Oliveros
et al. 2013); (5) Agro-forestry practices that allow for a control of shade in coffee
plantations, diminish rain erosion, reduce the speed of the wind, and conserve soil
humidity (Farfan Valencia 2013; Ramirez Builes et al. 2014); (6) Having fields with
coffee plants of different ages to constantly maintain an area under production and
avoid the same impact of extreme events over all the coffee plants (Turbay
et al. 2014); (7) Creation of an agro-climatic website with data from the monitoring
of climate in the coffee region during the last 65 years®; (8) Providing insurance
against geological and climate risks.

The replacement of the coffee plants with the Castillo variety has allowed for an
increase in coffee production from 7.8 million 60-kg bags in 2007 (Silva Restrepo
2013) to 12.3 million bags between April 2014 and March 2015 (FNC 2015). Small
coffee producers have renovated their coffee plantations and increased both the

3http://www.federaciondecafeteros.org/particu1ares/es/buenas_noticias/nueva_platafonna_para_
monitorear_el_clima (accessed April 6 2015).
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density of plants in the fields and the area under technical management (Silva
Restrepo 2013). The process has not been free of problems given the decline in
production during several years due to the existence of young unproductive coffee
plants. Fortunately, coffee prices were high during 2011, a situation that compen-
sated the reduced incomes of the producers. Coffee exports have become normal
during 2014 and coffee producers have reduced their use of fungicides, which were
necessary to control the coffee rust.

It is important to emphasize that small producers have not always been able to
keep their coffee plantations exposed to the sun due to the high costs of fertilizers
and insecticides required by the monoculture. During periods of crisis, food inse-
curity has predominated among peasant households due to the need to eradicate all
the food crops from the fields in order to ensure the supply of nutrients and sun
exposure to the coffee plants. With low coffee prices in the market during 2012 and
diminishing production, the only alternative left to many producers has been to
protest for government subsides to maintain their families.

Different and more radical forms of adaptation among coffee growers are those
that have converted traditional coffee farms to livestock or citric production, or to
rural tourism. The results of these conversions have been the displacements of farm
workers, who have no other alternative than to move into urban shantytowns.

The responses of coffee growers to climate variability do not automatically
follow the technical recommendations of agronomists. Rather, they are related to
the size of the farm, security of land tenure, the economic rationality that charac-
terizes the unit of production (peasant or agri-industry), market coffee prices, the
proportion of food crops produced by the farm, the availability of labor, the
educational level of the grower, and his/her social networks. The producer balances
all these dimensions in order to decide if he/she will ask for a loan to replace the old
coffee plants, if it is possible to intensify the use of labor to establish new fields or to
focus on the tasks required by the existing coffee fields, if he/she is in a position to
increase the use of pesticides and fertilizers, if it is convenient to acquire a new
water-efficient machine to remove the pulp, and other important decisions. In the
meantime, government measures are limited to providing subsidies in the short-
term and to strengthening the national system of risk management, which is still
focused in prevention and mitigation of disasters rather than on the reduction of
social and economic vulnerability and on the development of long-term adaptive
strategies to climate variability.

Discussion and Comparison

Farm-level adaptation practices are very important in all cases. Some are
technology-based, such as the use of new seed varieties to grow crops more
resistant to extreme climates, use of zero-till, or the use of irrigation equipment.
In both the Canadian Prairies and Mendoza, irrigation technology allows more
efficient resource use and ensures better yields while causing an increase in water
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demand. However, because of the cost of these investments, mainly paid by pro-
ducers—and, in the case of Canada, limitations on the number of water licenses
available to producers—it is a restricted adaptation practice.

Other adaptation practices include strategic management of crops, land, and
plantations, arising from the accumulation of traditional knowledge and genera-
tional inherited learning. This knowledge is expressed differently in each place. In
Colombia, many farms still use coffee grown under shade combined with other food
crops; in Mendoza and Canada, current practices make better use of water and
withstand drought. These practices do not always coincide with the knowledge
“handling” promoted by some agencies and government. Specialized information
contributes to early management of climate risks, providing certainty and increas-
ing resilience. However, we found that the mere existence of information is
insufficient if its accessibility and usability is not ensured.

Beyond climatic events, high input prices and low commodity prices profoundly
affect the profitability of producers’ livelihoods, limiting the adaptability of pro-
ducers and productive activity itself. A common process in the three case studies is
to change productive activity within farms or more radically, the total abandonment
of production. This enables, on one hand, a process of land concentration when
small farmers are forced to sell their land to economically better positioned pro-
ducers (Mendoza and Canada). On the other hand, it triggers a process of land use
change, either from hand crop to livestock as in Colombia, or the urbanization of
agricultural areas in Mendoza.

This analysis undermines the assumption, accepted by many in the scientific
community on climate change, that income diversification is a form of sustainable
adaptation. This is illustrated, for example, by the insecurity and instability of the
off-farm income of small and medium farmers in Mendoza, and the increased work
pressure on producers in Canada. This highlights the difficulties of making mis-
leading theoretical generalizations without considering specific characteristics of
contexualized cases.

Adaptation based on seed handling to get more resistant varieties deserves
special attention. New seed varieties promising drought or flood resistance are
often patented by corporations and this triggers an agricultural model that is
technologically dependent and unsustainable (they demand many agrochemicals,
usually petroleum-based), economically dependent (producers remain tied to roy-
alties) and in broader terms this could lead to a food dependency model. In all three
countries, the increasing dependence on patented seeds and agro-chemical inputs
has important implications for future sustainable development. If adaptation and
agricultural development practices are based on an environmentally unsustainable
foundation, adaptation ultimately works against longer-term mitigation of future
climate extremes, causing a cyclical effect that paradoxically increases vulnerabil-
ity over the long term. Further, the high financial costs of such adaptation nega-
tively affect farmers’ economic capital, a key determinant of their adaptive
capacity.

Government institutions acquire a similar character in Colombia and Mendoza,
granting subsidies to producers, especially small ones. Such practices help, but are
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really insufficient and especially do not contribute to building producers’ capacity
or enhancing their access to critical resources necessary to generate genuine
adaptations. In Canada, the divestment of government from agricultural support
programs seriously affects the capacity to invest in irrigation and environmentally
sustainable adaptive practices.

Conclusions

Farmers in the three basins have adopted a variety of adaptive strategies to reduce
the negative impacts of climate variability. Many practices implemented by farmers
help them to better cope with climatic events and do have a positive impact on crop
yield. Access to improved seeds and irrigation infrastructure in the studied areas
generate significant benefits for coping with extremes that affect each location.

But adaptation always has an economic cost. A number of factors associated
with producers’ economic and financial resources prevent (or facilitate) the imple-
mentation of adaptive strategies. Our comparative analysis illustrates that the
impact of climate crisis (variability and extreme events) is strongly determined
by economic conditions. One of the most important conditions in all three countries
is the price of inputs. Commodity prices, which are determined primarily by
international markets in all three countries, also have a powerful influence on
adaptation. While high commodity prices may be able to save a poor harvest, as
happened in Colombia in 2011, low prices can diminish or cancel out the success of
certain adaptations.

Although the findings are specific have a limited and bounded extent to the
studied areas, the analysis confirms the relevance of studying adaptation and
resilience at the intersection of social, political and economic dimensions and
physical factors. Adaptation assessment must be contextualized within broader
socioeconomic processes that seriously condition adaptability. The paper reinforces
a call to develop an approach that highlights certain dimensions that single disci-
pline approaches fail to problematize, especially considering non-climatic aspects
of the problem.

Further, another main finding of this study is the confirmation that not all
adaptation strategies are equally beneficial. Our research also reveals that adapta-
tions are not linear processes. Both the producers’ own adaptations as well as
adaptive policies have indirect impacts on actors, natural resources and ecosystems.
Adaptation is a process of synergies and trade-offs: zero-till reduces soil erosion but
may degrade it with agro-chemicals; the use of more resistant crop varieties
generates technological dependence and increases input costs; efficient use of
water or new water sources increases the demand for the resource.

Addressing this non-linearity of the adaptation process has critical implications
for future studies and policies to foment adaptation: they must necessarily incor-
porate an assessment of those trade-offs. This indicates the need to seriously
consider questions about adapting to what, why, and with what consequences.
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While it is true that a measure of benefit to one group may disadvantage another, it
should also be noted that the adaptive capacities of producers are often shaped by
factors that, at the surface, appear to have little direct connection to the climate or
environment but can dramatically affect both current and future vulnerability.

Our study supports the idea that there are no universal determinants generating
sustainable adaptation in all cases. Technology, capital, institutional capital, and
income diversification in general can strengthen adaptive capacities. However the
actual impact of each of these determinants depends on the characteristics of local
contexts. Therefore, it will not be possible to establish an all-purpose menu of
practices and recipes that are successful in all cases.

Adaptation is a local and dynamic phenomenon. Therefore, practices that are
successful in one place for coping with climate variability may not be feasible in
other places; the measures that prove to be adaptive now may not be adaptive in the
future. Hence, it may not be possible to replicate elsewhere the adaptation measures
identified in this study. However, this work can alert other researchers and policy
makers about going beyond the technical aspects of adaptation. Our study high-
lights the importance of context-specific social, economic and political factors that
make some social groups more susceptible to climate variability than others and
generate unequal access to adaptation measures planned by institutions. We must
also anticipate the unexpected effects of adaptation as increasing production costs,
the proportion of large holdings, the dependence on multinationals that provide
seeds and agrochemicals and the loss of rural jobs. For this reason, it is necessary to
explore further adaptation models based on agro-ecological principles that reduce
the dependence on external inputs to the farm, enrich the biodiversity of the
agricultural ecosystem, preserve natural ecosystems and ensure food sovereignty
of communities.

Reduction of sensitivity to climate variability can only be achieved by reducing
poverty and social inequalities. A rural population with high levels of resources,
equality, and social infrastructure will be better prepared to cope with climate
variability and may recover more quickly from the effects of extreme weather
events. Adaptation, in these circumstances, is likely the result of a negotiation
between the traditional knowledge that was successful to cope with climate vari-
ability in the past and the most innovative technical proposals of institutions dealing
with issues relating to the environment, water and agriculture.
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