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“Que haremos? El tiempo hacia otro lado se está yendo.”

“What will we do? The weather is moving in another direction.”

-Farmer from Palca, Bolivia

Vulnerability to climate change is attributable not only to exposure to climatic events but also by also social, economic, and environmental stressors that condition the capacity to cope and adapt. The world’s most vulnerable populations must respond to multiple intertwined and rapidly changing exposures, and are often faced with challenging decisions regarding how to employ limited resources to best protect their health and livelihoods. These choices also influence the capacity to respond to future, unanticipated exposures.

Highly dependent on climate, biological, and human systems, agriculture is one sector likely to experience significant climate impacts. These impacts are a striking example of the global inequalities exacerbated by climate change: while many high latitude countries in the developed world are likely to experience greater cereal yields, low latitude countries and much of the global south are likely to experience decreased yields 


(Fischer, Shah et al. 2005; Parry, Canziani et al. 2007) ADDIN EN.CITE . Estimates of resulting malnourishment and food insecurity range widely, from the tens to hundreds of millions of affected people in the next several decades, and largely depend on place and socioeconomic variables 


(McMichael 2004; Parry, Canziani et al. 2007; Lobell, Burke et al. 2008) ADDIN EN.CITE .

Within developing countries, subsistence and smallholder farmers are expected to be particularly vulnerable, due to the narrow yield margins within which they are already producing, insufficient infrastructure and inputs to shield them from climate impacts, relative vulnerability to market fluctuations, and their limited resources to adapt (Brown and Funk 2008). Indigenous knowledge and livelihood strategies are valuable for managing climate risk and coping with disasters 
 ADDIN EN.CITE 
(Orlove, Chiang et al. 2002; UNISDR 2008)
, but as environmental and social stressors change more rapidly, they may overwhelm current strategies. Semi-arid and arid regions are particularly vulnerable, as are those depending on depleting snowcaps for their irrigation water supply 


(Fischer, Shah et al. 2005; Parry, Canziani et al. 2007) ADDIN EN.CITE . The Andes is one such region. As the poorest and most food insecure country in South America, Bolivia faces particular challenges with 23% of its roughly nine million inhabitants already undernourished (FAO 2009).

In this paper, we characterize the vulnerability of campesino farming communities in the highland communities of Palca, Bolivia, by examining the multiple stressors to which farmers are exposed, the interactions between these exposures, and the options and limitations for adaptation to climate change. We begin by reviewing frameworks for the analysis of vulnerability to climate change, and then briefly address existing literature on the impacts of climate change on smallholder agriculture. Through a case study of the Bolivian farmers of Palca, we focus on local perceptions of and responses to multiple exposures. We argue that livelihood adaptations to economic and social stressors altered traditional resilience to climatic exposures, and may in fact be maladaptive to further changes in climate.

Vulnerability to Climate Change

The concept of vulnerability has been developed in diverse fields, finding its roots in natural hazards literature and later adopted by political economists and ecologists to address environmental change (Eakin and Luers 2006). It has since been applied to diverse social issues such as food security. Within the study of climate change, there are a variety of ways to understand and apply the concept of vulnerability, from a principally biophysical focus on climatic exposures to the concept of “social vulnerability” that exists regardless of climatic conditions(Adger and Kelly 1999; Kelly and Adger 2000). 
Environmental hazards literature initially focused on the physical risks to which a population was subject, or exposures, and the potential for resulting negative outcomes in this population  (Eakin and Luers 2006). Biophysical exposures have different impacts on distinct populations, social groups, households, and individuals, however, and a focus solely on external stressors is insufficient to explain the impacts and responses of the affected system 


(Turner, Kasperson et al. 2003) ADDIN EN.CITE . This need to account for factors beyond the biophysical exposure to climate change has resulted in the most recent IPCC definition of vulnerability: 

The degree to which a system is susceptible to, and unable to cope with, adverse effects of climate change, including climate variability and extremes. Vulnerability is a function of the character, magnitude, and rate of climate change and variation to which a system is exposed, its sensitivity, and its adaptive capacity. (Parry, Canziani et al. 2007)
Adaptive capacity refers to “the ability of a system to adjust to climate change (including climate variability and extremes) to moderate potential damages, to take advantage of opportunities, or to cope with the consequences." (Parry, Canziani et al. 2007). Adaptive capacity is determined largely by access to resources, including economic and social capital, technology, infrastructure, and institutions (Smit and Wandel 2006). Vulnerability is thus seen as an end point, determined by the levels of exposure and adaptive capacity (Fussel and Klein 2006).

An alternative conceptual framework places vulnerability as a starting point for analysis, identifying populations as vulnerable due to economic and social conditions, regardless of actual physical exposures (Handmer, Dovers et al. 1999; Kelly and Adger 2000).  Füssel and Klein explain that social vulnerability is seen as an “a priori condition of a household or of a community that is determined by socioeconomic and political factors… [suggesting] a causal structure that concentrates on the differential abilities of communities to cope with external stress” (2006). Some of these social determinants of individual vulnerability include social status, access to resources, and diversity of income sources. The social, economic, and political factors stressed in the social constructivist view can also be seen as exposures, external to and out of the control of the community itself. 

Multiple Exposures and Adaptation

The exposure of communities and individuals to multiple stressors in relation to vulnerability to climate change has been addressed by several authors 


(O'Brien and Leichenko 2000; Eakin and Luers 2006; Osbahr, Twyman et al. 2008; Young, Zavala et al. 2010) ADDIN EN.CITE . O’Brien and Leichenko develop the idea of “double exposure” as the creation of “winners and losers” in the simultaneous processes of climate change and globalization. While economic opportunities generated by globalization can alleviate negative impacts of climate change on some “winners”, but “double losers” also emerge that benefit from neither process (2000). The multiple exposures approach recognizes such stressors as dynamic, interacting processes that target distinct groups and also condition capacity to adapt.

Adaptation can take the form of planned political and institutional decisions or the autonomous evolution of systems and communities slowly adapting to a changing climate (Parry, Canziani et al. 2007).  Adaptations may occur in response to gradual stimuli, like warming, but populations are often jolted into developing adaptation strategies when an extreme event exceeds their coping range (Smit and Wandel 2006).
This brings up an important distinction between coping and adapting. Coping often focuses on survival under temporarily constrained conditions, while adapting implies the reinvention of systems to anticipate stress and avoid negative impacts. Coping with an extreme event, for example, often involves survival strategies to make it through a critical period of time, while adaptation to extreme events means permanently changing strategies to anticipate and avoid negative impacts allowing systems to “thrive” rather than merely “survive”(UNFCCC 2003). Coping strategies have often been developed over time in response to climatic conditions. As conditions change more quickly they may overwhelm coping strategies and planned adaptations become necessary. Coping mechanisms implemented in moments of stress, however, may inform adaptation strategies as exposures evolve and individuals must adapt permanently to a given stressor.
Responding to the complex dynamics of multiple exposures requires a cost-benefit analysis on the part of individuals, groups, and institutions. Some adaptations will be out of reach given resource limitations. Others will be a wager upon uncertain climatic or economic futures. The comparative analysis necessary to define a “no regrets” approach to adaptation, i.e. an approach that aims to create robust, cost-effective adaptations to a wide range of climatic threats, is a challenge for any decision-maker (Heltberg, Siegel et al. 2009).  It is even more difficult for households and community faced with insufficient resources and information for adaptation and a wide array of social and physical exposures to juggle. 

Lost economic investment is one potential outcome of narrow or misdirected adaptation strategies; worse, a system might even become more vulnerable to future exposures if a strategy is maladaptive. As Eakin and Luers note, “successful responses of some exposure units to present-day environmental stress may enhance the sensitivities of systems at broader scales or may result in critical feedback loops that increase their future vulnerability” (2006). Such feedback loops and temporal delays in the impacts of a chosen course of action are dealt with at length in the dynamic complexity literature, which attributes policy planning mistakes to a reductionist approach and the self-fulfillment of frameworks that do not adjust to evolving systems (Sterman 2006).  Perhaps more relevant to resource-poor settings are barriers to learning such as limited access to information relevant to adaptation planning and human capital to interpret it. Additionally, the high costs of failure in attempting new solutions (Sterman 2006) may be far beyond the coping range of many vulnerable groups. 

 Maladaptation

Concerns about maladaptation have arisen as adaptation enters into formal political planning. Barnett and O’Neill define maladaptation as “action taken ostensibly to reduce vulnerability to climate change that impacts adversely on, or increases the vulnerability of other systems, sectors or social groups” (2009). This is similar to the concept of risk shifting, whereby overall risk is not reduced, but assumed elsewhere. This may occur when adaptation strategies increase greenhouse gas emissions, burden the most vulnerable, have high opportunity costs, reduce incentives for adaptation, and limit choices available to future generations

Yet, in the context of multiple exposures, another form of maladaptation can be interpreted as risk displacement, when an adaptation to one exposure renders the same community or household more vulnerable to other exposures. Again, overall risk has not been reduced, but simply transferred. This is especially likely when unanticipated new exposures interact with long standing exposures or those to which groups have already adapted. In the most vulnerable groups, subject to a multitude of exposures with limited capacity to adapt and often inadequate information for anticipatory adaptation to future scenarios, maladaptation is a serious concern. 

Smallholder Agriculture and Vulnerability to Climate Change

Sustainable livelihoods research has contributed significantly to the study of vulnerability to climate change, helping to account for the diversity of livelihood strategies employed by smallholder farmers to respond to multiple stressors. There is, however, little consensus surrounding even the definition of smallholder or subsistence agriculturalists and pastoralists, demonstrating the diversity of this population and making data and research difficult to classify and compare (Morton 2007). Furthermore, the place-specific climate characteristics and projections, as well as local characteristics of crops, cultural practices, economic context, and environmental factors make comparison challenging. 

Nonetheless, several common trends emerge from the study of small agricultural producers’ vulnerability to climate change.  Around the world, subsistence farming as traditionally practiced has become unsustainable and households and societies are adapting in response. Whether because of environmental degradation, limited access to land, social pressures and unrest, increased needs for cash, or continually failing crops due to climatic changes, small farmers are increasingly diversifying their sources of livelihood beyond subsistence agriculture. Some of these may be emergency coping mechanisms like borrowing money, while others may be permanent shifts in household livelihood strategies such as urban and rural paid labor, as well as remittances and even tourism. 
 ADDIN EN.CITE 
(Bryceson 1996; Eakin 2005; Paavola 2008; Hahn, Riederer et al. 2009; Young, Zavala et al. 2010)
.

However, while farming households add new sources of income to their livelihoods, they are also adapting their agricultural practices. One consistent strategy that comes up across studies in multiple regions is agricultural intensification, or the input of greater amounts of labor and resources into a given area of land. Eakin argues that for smallholder farmers in Mexico, agricultural intensification may increase vulnerability as it results in decreased time for seasonal off-farm labor, while specialty crops produced for market are also more susceptible to disease and non-precipitation climatic effects than subsistence maize production (2005). Paavola’s study of farmers in Tanzania, however, finds agricultural intensification and market participation a key part of a diversified livelihood that promotes adaptation (2008).

A key constraint noted in many studies was limited access to land and economic resources to improve production. Bryan et al explain that farmers in Ethiopia are more likely to adapt to perceived climatic changes if they have access to credit and land (Bryan, Deressa et al. 2009).  This is consistent to Eakin’s finding that “larger landholdings essentially provided farmers with the degrees of freedom necessary to incorporate changing climatic risk into their decision making” (Eakin). This may be evidence that both agricultural intensification and extension allow for greater freedom in testing adaptation options.

Vulnerability to Climate Change in Highland Bolivia

To illustrate the difficult choices that subsistence and smallholder agriculturalists face in adapting to multiple exposures, and the possibility for maladaptation, we look at a case study of the farming communities in Palca, Bolivia. Using data from 60 semi-structured qualitative interviews with producers, as well as participant observation and fact checking at community meetings, from 2007 and 2008, we characterize the basin and examine the primary exposures as perceived by community members, focusing on interactions between exposures. Adaptations to simultaneous and conflicting exposures are identified and the overall adaptive capacity of the farming system to future climate change is assessed. 

Palca and the Choquecota River Basin
The Municipality of Palca is located approximately 20 km southeast of the capital city of La Paz, Bolivia in a valley at the western base of the in the Cordillera Real Range in the Andes. One of several small mountain rivers and streams supplying the basin, the Choquecota River originates in the peaks of the Mururata Mountain (5800m), and passes through seven villages on the slopes of the valley and through the small town of Palca, to reach a low altitude of 3300m. Five communities at various altitudes within in the Choquecota River Basin utilizing this water for irrigation were selected for study.      

[image: image1.png]



Figure 1 Choquecota River Basin (Castell 2008)
Over 90% of Palca’s roughly 15,000 inhabitants self-identify ethnically as Aymara, an identity that greatly influences agricultural and sociopolitical structures in the region (INE-PNUD 2005). Nearly 70% of the municipal population depends on agriculture as their primary form of subsistence (INE-PNUD 2005). The farmers in the Choquecota River Basin live in Aymara campesino communities governed largely by indigenous village councils belonging to agrarian unions, and engage in small-scale agricultural production at the subsistence level and for limited sale locally to markets in the cities of La Paz and El Alto. 

Only one fifth of arable lands are irrigated (Ontiverios 2007), often relatively flat parcels at lower altitudes, with water transported mostly through earthen canals. Cultivars are determined by the altitude of the community and/or parcel of land, which varies from over 4,000 and 3,300 meters above sea level. Agricultural production is supplemented with small numbers of livestock. Gold mining has been practiced in region for centuries and today has expanded to extract other minerals, through both small commercial mining and unregulated community mining.

The Aymara culture influences agricultural production and vice versa, as the economic, political and social institutions are all integrated into agrarian unions at the community level and at the basin level. Spiritual customs link the environment—mountains, mother earth and water—with agricultural production and communal well-being. 

Social and Economic Exposures

Palca’s communities experience several baseline stressors, including poverty and lack of credit access, increasing land scarcity with population growth, exposure to the vagaries of the market resulting from an emphasis on cash crops, insufficient employment opportunities outside the agricultural sector, and racial and ethnic prejudice.  

Lack of access to economic resources is a constant threat to which the communities of Palca are exposed. With a very high rate of poverty—77.6% of the municipality’s population lives in extreme poverty—the possibility of saving or investing in productive infrastructure with ones own money is minimal (UNDP-INE 2005). Agricultural work is rarely mechanized, instead dependent on people and animals for physical labor.  Access to credit is also limited. In general, there is significant distrust of financial institutions. Participants feared being tricked or losing their belongings, or found it unappealing to borrow due to the high interest rates, but did not know how to defend themselves from being conned. 

Land scarcity is another serious constraint. Since around the time of the agrarian reform following the National Revolution of 1952, and in some cases beforehand, the lands of the haciendas of Palca were redistributed to the peasants and miners living in the area and some relocated to the valley. Titles were given for small parcels as private property, while most hillsides continue to be communally owned. After two or three generations, most families now have only one half to one hectare of land in the valley, while some have as little as 500m2 and almost no one has more than five hectares (Ontiverios 2007), holdings now known as the “minifundio”, a pun on the enormous ranch landholdings known as “latifundios.”
Perhaps the most obvious challenge of the minifundio is limited production for family consumption and income. Small plots of land limit the practice of traditional methods of diversification and rotation of crops, which requires some plots of land to rest each year. Now, many households prioritize those crops that give the maximum yield, like the potato, or profit, like lettuce. Irrigated land is worked two or three cycles per year and almost never rested, and soil quality is degraded as a result. 

In some cases, not enough food crops can be produced to sustain a family. Furthermore, links with the city have increased over the years, and with them the necessity for cash to pay for agricultural inputs, school supplies and uniforms, and household items. Today, some families have switched almost entirely from traditional food crops, like potatoes and corn, to other products directed at sale in the markets of La Paz and El Alto, like produce and flowers. With their earnings, farmers buy rice, noodles, and other cheap, commercial starches, the nutritional effect of which has not been well studied in Bolivia. 

Dependence on cash crops introduces a new susceptibility to the variability of market prices. Combined with the limited stores of traditional foodstuffs for consumption, sacrificed in order to plant cash crops, a dip in the price of lettuce or onions in the city can have a tremendous impact on both the income and food security of the families of Palca. This constant economic insecurity makes it impossible to predict future earnings, and limits household’s ability to plan and invest. 

The older community members still have a strong memory of the hacienda, where the Aymara farmers served as peones, or near slaves, to the white landowner (Barragán 1982). Throughout Bolivia, ethnic discrimination continues, reflected by substantially lower socioeconomic indicators for indigenous populations in Bolivia(Hall 2006). In Palca, 84.44% of the population claims Aymara as their first language and only half is bilingual in Spanish (INE-PNUD 2005).  About half of Palca’s residents are also illiterate, the majority of these being women (INE-PNUD 2005), and the elderly who were not afforded an education under the hacienda system. Many private sector, and some public sector, services are restricted due to language, in addition to racism. Healthcare, banking, higher education, job training, and assistance programs may not be accessible for Aymara speakers because the providers cannot (and do not) communicate. 
Ethnicity and language also inhibit political participation. Extremely limited infrastructure—collapsing bridges, roads, irrigation canals, as well as barebones schools and health clinics—and almost nonexistent technical support and services are offered by the municipality, due both to lack of and misuse of funds. Addressing these issues through formal political channels requires frequent trips to La Paz, and the knowledge of bureaucracy and language skills to navigate it. Electoral options for communities are limited, because even their best leaders, without urban experience and Spanish, may be ineffective in office. For this reason, the agrarian unions continue to fulfill primary institutional roles in the communities, from organizing communal days of labor to repair roads and irrigation canals, to assuring that schools are functioning properly.
Climatic Exposures

 “It has changed. Sometimes the rain does not fall in its season; sometimes the frost does not come right in its season. Before it was later, but now the frost arrives early, like a punishment. Now the rain falls like it is saying ‘I am not going to come anymore.’ Already, the sun is very strong. Before, it was not like this.”

-Farmer from Palca, Bolivia

Changes in the weather in the Choquecota River basin have been observed by most participants over the last ten to twenty years. These include increased temperatures and changes in rainfall patterns, as well as less predictability of frosts and hailstorms. Water availability in irrigation canals also appears to be diminishing, and the presence of pests is perceived as a growing problem.

According to many community members, beginning a few decades ago the rainy season began to contract, starting as late as November, instead of September. This corresponded to an observed decrease in snowfall on Mururata. In the dry season, the communities depend exclusively on water from the irrigation canals derived from the Choquecota River. While the level of the canals is always reduced from September to November, many perceive that this is now occurring even more severely. The shift in the rainy season has put a squeeze on the agricultural calendar. If farmers wait until too late in the season to plant, the frosts may arrive before the crops are ready for harvest, destroying everything, or forcing farmers to settle for a low yield by playing it safe and harvesting early. 

Some participants even notice a change in rainfall intensity, while others say it falls in shorter intervals. Intense rainfalls make erosion, which is already a problem, more intense--in the last several years, flash floods have swept away entire plots of cropland and caused the collapse of irrigation canals.
A noted increase in temperature
 was expressed by most participants, though in a variety of ways: the physical feeling of increased temperature or strength of the sun, more pests and plagues in both quantity and diversity of species is, changes in the types of cultivars that grow at a certain altitude, and the rate at which irrigation water evaporates and the fields dry up after irrigation. Some community members noted sunburns as a new phenomenon, as well as other sicknesses that they attribute to increased sunlight or heat. While ten or twenty years ago fruit trees only grew in the lowest parts of the basin, around 3300m, now, as one farmer says, “the sun is very strong. For that reason, even peaches can be produced! Before, peaches weren’t known to thrive, but now, even the tuna [cactus fruit] can be produced.”

However, not only plants are surviving at higher elevations—insects, fungi, worms and other pests or sicknesses that damage crops are appearing higher in the basin, while others are new to the basin entirely. The switch to less pest resistant crops, like fruit and onions, and away from traditional means of controlling pests like crop rotation, may also have contributed to the proliferation of pests.

The accelerated evaporation of irrigation water, which is applied by flood irrigation, is also seen as an indication of increased heat. As one producer worries, “Today I irrigate, the day after tomorrow it is already dry . . . I have to work all the time—before, it lasted a week.” New crops like flowers and fruit require a great deal of water, as well. This means an increased demand of water, and time, for the same common activities. 

Frost and hail have always been significant threats, but they are seen as less predictable now. The new crops produced for market, like lettuce and flowers, are highly susceptible to damage from frost and hail. Even when traditional crops, like beans or potatoes, are aesthetically damaged or small in size, they bring a lower price at market even though they are perfectly suitable for consumption. 

Adaptation

 Traditional Strategies to Manage Land and Climatic Variability

The highlands of the Andes have always been a tough environment for human settlement and agriculture due to the high degree of climatic variability in the region (Vuille, Francou et al. 2008). Traditional mechanisms for adaptation to climatic variability generally focus on assuring production for the year-round availability of foodstuffs, often through management of rain-fed agriculture, as well as crop diversification, diversification of plots by location and altitude, communal agriculture, food storage, and animal husbandry (Schulte 1996).

The management of different altitudinal levels, and their corresponding climates and ecosystems, is an indigenous Andean technique for assuring diversified food production (Murra 2002). Today, tubers and barley are cultivated in the rain-fed high mountain fields of the basin, while lower, flatter plots with irrigation are used for corn, beans and peas (and, now, cash crops). Families often farm various small parcels scattered throughout the basin at different geographic and altitudinal locations. In this way, households and communities assure a varied diet in good years, and diversify their risk in bad years across locations and crop varieties. Hail and frost, for example, are often quick, isolated events occurring in only one part of the basin, so crops in other areas may be spared (Valdivia and Dunn 1996)  If one year is particularly dry and the fields in the hills give a poor yield, they can depend on their irrigated crops below to sustain them. 

Communal property may increase adaptive capacity by distributing risk more equally (Kelly and Adger 2000). Aynoqa, a traditional crop rotation scheme on rain-fed communal land, requires farmers to switch plots with their neighbors each year on a planned seven year calendar that assures regenerative cultivation of potato, beans, and other traditional, hardy crops alternated with years of rest for each plot of land. Today, given land scarcity, time constraints, and increased risk in rain-fed agriculture, only one community maintains an aynoqa, though communal lands are still often available for individual use.

Additional traditions of reciprocity may also serve as adaptive strategies for risk spreading and to assure the optimal use of resources like land and labor, without need for monetary compensation (Valdivia and Dunn 1996). Some primary practices of reciprocity are the ayni (shared work between families and/or neighbors), la partida (a type of sharecropping with use of land exchange for a portion of the produce), and trueque (customary exchange of agricultural and animal products, usually between communities from distinct ecological levels). 

Assuring reserves is also an important traditional food security strategy. Many of the traditional crops, like potatoes, corn, and quinoa, can be dried and stored all year round. Chuño, a dehydrated potato that can be stored for years, is a traditional food reserve still common in the Choquecota River Basin. However, given the large amount of crop space dedicated to cash crops, fewer food crops can be produced and stored.

Livestock, traditionally llamas and guinea pigs, is also an important part of robust Andean agriculture. Small animals supplement the household diet, or provide a small source of income. Most families only have a few large animals, which they can slaughter in times of need for food or sale. Livestock is mostly sustained off of communal grazing land, though barley is also grown for feed. 

Recent Adaptation:  Diversification, Intensification, and Market Strategies

Adaptation is constant process of adjustments and learning that may evolve in response to different exposures and past experiences (Yohe and Tol 2002; Neil Adger, Arnell et al. 2005). With socioeconomic exposures being perhaps the most urgent in recent years, community members have instituted several strategies focused on securing cash income to buy food, as agricultural productivity is not as reliable as it once was. Amplified climate variability in recent years has made the limitations of some strategies apparent, while requiring extension of others. It is increasingly necessary not only to intensify and assure production, but also incorporate other sources of income, so that crop losses can be replaced with money. These mechanisms of adaptation are, in part, the result of a transition from subsistence production to an economy more linked with the market and the city. 

Given the switch to more pest-prone crops, like vegetables, the increase of potentially climate-related pests has had a heightened impact. The effect of these pests on agricultural production is costly. In addition to the inevitable loss in yield, producers are now using more pesticides at significant cost to the households and also to the health the population. Insufficient knowledge of pesticide application means they are often ineffective because the chemical type, dose, method or timing of application is not correct for the pest and crop to which it is applied. Protective equipment is almost never worn.

The selective use of inputs is also a strategy to minimize costs. The quality of seed, dedicated land, and overall investment vary with the intended destination of the produce. Many farmers buy seed in the city for crops they intend to sell and plant them in irrigated parcels, as well as apply the most fertilizers and pesticides to these crops. Seed from previous harvests is usually recycled for crops destined for subsistence. Market price is in part determined by size and quality, so the best produce is sold, while crops hit by pests or frosts are saved for consumption. 

One adaptation that has had positive implications for multiple exposures is the graduated planting of crops over several weeks. This strategy safeguards against losing an entire field to hail or frost, instead sacrificing only those plants at their weakest point of development. Today, this strategy is also used to manage financial risk. Given the variability of prices throughout a season, farmers prefer to bring their harvest to market over several weeks, in order to earn an average value for their product, rather than chance receiving the lowest price of the season. Also, a single family can harvest the staggered fields over time, thus saving money on labor costs. Volatile crop prices are also confronted by avoiding speculating intermediaries in La Paz, and instead selling directly to local consumers in the El Alto farmers’ market. However, while bringing higher prices, this requires time spent tending the stall and paying a fee for it.

Farmers have responded to the delayed rainy season by postponing planting, requiring them to make a risky wager on investing in rain-fed crops that could be wiped out by an early frost before harvest. Rain-fed lands, which are often communal property, are located on high mountain slopes and require labor to walk to and care for crops. As the rain becomes less dependable, many farmers have abandoned these lands in favor of other activities. With less land being cultivated, even greater pressure is placed on irrigated parcels which further exacerbates the problem of the minifundio. 

Some communities ration irrigation water when it is scarce from August to November and irrigate por turno, or in assigned shifts. Other farmers have opted to irrigate by night, when the water does not evaporate as fast upon application, and when there are fewer competing users. Most participants indicated that they would like to have the irrigation systems improved and extended, but did not have the resources to do this.

Insufficient land, income, and work opportunities have pushed more and more community members, and especially young people, to migrate to the cities of La Paz and El Alto, and sometimes as far as Argentina and Spain, both seasonally and permanently.
 Work options are often limited to manual labor in informal sectors like construction, usually paying 3 to 7 USD per day. This employment is sporadic, depending on employers’ needs, and days with no work mean a net loss of income after covering living expenses in the city. Locally, paid work on neighbors’ farms is sometimes available for about half of the urban wage, or in the mines for slightly more, if one is lucky enough to access this employment. Off-farm work has become a staple part of many family economies, but not without consequences--migration deprives families of a parent or sibling and also agricultural labor, exposing women and children to a higher labor burden, sometimes for months at a time.

Discussion

This case demonstrates the incredibly difficult decisions facing resource poor smallholder agricultural communities, and continued exposure to stressors will not make adaptation easier. Future climatic exposures are expected to intensify. Water supply will diminish as glaciers recede (Ramirez 2001), and aridity may increase, though precipitation projections are not consistent across models (Parry, Canziani et al. 2007). Decreased crop yields are also expected due to temperature increases and other stressors (Parry, Canziani et al. 2007). Additionally, socioeconomic changes both globally and locally are difficult to predict, but may be even more important than climate exposures in determining food security (Bohle, Downing et al. 1994).

The farmers of Palca have historically employed a wide array of strategies to deal with climate variability, but in recent decades have shifted their practice to adapt to changing social and economic exposures. What was adaptive to economic exposures appears to be maladaptive to climatic exposures. Now, as participants are observing a changing climate, they are struggling to implement many of strategies recommended by the IPCC (Parry, Canziani et al. 2007), but with serious limitations of a: conservation of water with more water-hungry crops, altered timing and location of cropping with less hardy crops, and increased intensification with even less land. Extreme poverty and social factors further limit adaptation options.
Howden, et al. explain that adaptation strategies at the agricultural “management unit” (in Palca, the household and/or community) alone are unlikely to protect against the full range of climate impacts (2006), as can be seen by the resource and technical limitations frustrating Palca’s farmers. Planned adaptation at various policy levels must also be implemented, such as such as infrastructure investment, capacity building, and dissemination of information (Osbahr, Twyman et al. 2008). Participants in Palca identified a number of strategies that will require such multi-scalar approaches.

More efficient water use through better irrigation systems, and the expansion of irrigation to more land, was a suggestion made by many participants. Fear of increasing seasonal water shortages spurred appeals for a reservoir at the top of the basin to regulate water flow, but the costs and benefits of such water storage options were unknown. Farmers also wanted to take advantage of temperature increase through investments in fruit trees, but had little experience. Agricultural technical assistance was another suggestion for improving adaptation, including application of pesticides, treatment of sick animal, and use of improved inputs, such as short cycle varieties of traditional crops. 

Many of these initiatives would not diverge from current development programming, supporting the stance that adaptation should be mainstreamed into the greater development agenda (Golkany 2007). Yet these planned adaptation options also do not address the underlying social vulnerability of Palca’s farmers. Land scarcity, poverty, and discrimination are symptoms of structural issues that, while addressed by sustainable development initiatives, are addressed through fundamental changes in the distribution of resources and entitlement to those resources (Bohle, Downing et al. 1994; Adger and Kelly 1999). 
Conclusions

Despite an array of strategies employed to sustain their livelihoods, Palca’s farmers are exposed to an intensifying set of stressors, and the risk of insufficient adaptation or maladaptation continues to be serious. Balancing a “no regrets” adaptation approach that achieves societal good with the potential negative feedback from such interventions continues to be a challenge 
 ADDIN EN.CITE 
(Sterman ; Heltberg, Siegel et al. 2009)
. It may be impossible for local actors to successfully adapt without complimentary institutional and policy interventions. Furthermore, climate adaptation cannot be divorced from underlying social vulnerabilities, policy and development initiatives must be aimed at addressing both climate and economic exposures. 
Still, the primary barriers to adaptation for Palca’s farmers, including limited land access and economic resources, will not be solved by sector-specific development or adaptation projects. The distribution of resources contributing to climate change vulnerability can only be addressed as part of a larger political context. While a variety of vulnerability assessment methods have been developed to identify vulnerable groups and weaknesses in adaptive capacity, further work is needed to develop methods to integrate social vulnerability into robust adaptation planning.
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� In Aymara, “wali lupiwa” can be used to express both “it is very hot” or “it is very sunny,” which is the literal translation. Given that in the Bolivian highlands these two conditions almost always coincide, participants often did not verbally distinguish between them, so references to the “strength of the sun” or “the sun is very hot” often referred to both the solar radiation and the air temperature. 


� Rural-urban migration is still governed by strict cultural rules that originate in the indigenous and campesino agricultural communities. Membership in the communities, and thus a right to land, is only maintined if obligations to the community are met. These include occupying a series of cargos (leadership positions) in the agrarian union, attendance at community meetings, and communal labor obligations such as roadwork and cleaning of irrigation canals. Financial support of community activities, like fiestas, is also expected.





