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1.Introduction 
 
The evidence of global warming in the 21st century, mainly induced by the increased use of 
fossil fuels from the beginning of the industrial revolution, will be of a similar magnitutde 
to that produced in previous geological periods, which generate great changes in the 
terrestrial and marine ecosystems, in the general circulation of the oceans and modify the 
ice coverage in broad parts of the planet. 
 
Although the international community is worried about the possible impact of climate 
change on society in general, the international scientific community is far from providing 
exact predictions as renowned climatic laboratories and observatories tend to come up with 
such varied predictions that all appear possible for the future1. 
 
However, in spite of the difficulty of obtaining valid predictions, the international scientific 
community has been producing evidence of a speeding up in the meeting of the high 
mountain glaciers as the anomalies in the surface temperatures of the Pacific Ocean become 
more intense and frequent.  
 
This document is the result of an ad livitum appraisal of the situation of the food systems 
particularly that of agriculture, in the mesothermic valleys of Bolivia relating to the 
potential impact of global warming, evaluating their vulnerability and preparing adaptation 
and response activities.  
 
The focus of the study is explorative, working with the local actors affected to find out 
what the risks are to the food system in a certain region and what risks are critically related 
to climate change.  
 
The two initial points of the document highlight the differences between a top-down 
approach and an approach that demands participation of the actors implicated, and more 
than scientific certainty, realistic intuition into the process on the part of experts and leaders 
with the aim of setting up adaptation to climate change.  
 
The beginning of the document discusses the opportunities available to Bolivia with 
regards to the Implementation of the National Implementation Strategy (NIS) and national 
plans. Later the document systematizes an initial consulting dialogue between the 
government and local actors. 
 
The pilot region takes in a part of the group of municipalities in the Cochabamba 
department and other neighboring municipalities in the Chuquisaca department, which is a 
densely populated part of the upper reaches of the Rio Grande, were chosen.  
 
As a mountain region it is characterized by a diversity of microclimates and ecosystems, as 
well as a variety of institutional farming ways and practices that come from the interaction 
of the people with the environment.  

                                                 
1 The IPCC climatic scenarios show a range of warming of between 1.8 and 5.6°C for the 21st century 
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The region’s cultural and geographical diversity makes the evaluation of the vulnerability 
of the food system to global warming changes complex. Although previous sensitivity 
studies, particularly for potato crops, in the region show a general tendency to crop yield 
increase when there is a slight increase in precipitation, these changes will positively affect 
the food system only when there are mechanisms that minimize the collateral negative 
effects (changes in the seasonal and spatial patterns of the rains, impacts of El Niño/La 
Niña, strong winds, etc.). 
 
The data and conclusions of this study were collected through consultations with experts 
from different governmental institutions, multilateral agencies, civil society organizations 
and academia institutions with the aim of having a more qualitative than quantative 
panorama of the agricultural situation in the study area.  
 
2. Theoretical framework of the actions for adaptation to climate change within the 
UNFCCC and the Bolivian experience 
 
The UNFCCC recognizes the need to adapt to climate change, and specifies in Article 4.4 
that the support necessary will have to be provided for developing countries to be able to 
confront the adverse effects of climate change. For developing countries it is clear that the 
financial resources provided to confront these adverse effects will have to be in addition to 
others destined for responding to the impacts of serious climatic variability. On the other 
hand, the most solid argument from donor countries and funding agencies is based on the 
recognition that it is impossible, given current scientific knowledge, to differentiate the 
costs of climate change from those related to climatic variability.  
 
Although the debate continues, the countries involved have been able to come to an 
agreement, in part because of the need to act pragmatically given the devastating climatic 
events that the world has had to bear in the last twenty years.  
 
This chapter reviews the discussion of the implementation of the UNFCCC adaptation 
measures. This is critical and fundamental, as it will enable a reappraisal of the support of 
this work in the right context. 
 
The reader will note that within the discussion of how to implement climate change 
adaptation measures there has been a shift in the formal areas of the Convention; the 
methodologies put forward as the most effective, have moved from those concentrated on 
the use of expert models and systems to one more aimed at understanding the processes of 
adaptation and vulnerability to climate change from the local settings in a more 
participative and intuitive way. 
 
This change in focus, which came about at the sixth and seventh UNFCCC party 
conferences, is accompanied by the consolidation of international legal framework to 
spearhead the adaptation to climate change measures on a global scale. This means the 
elaboration of new guidelines for vulnerability and adaptation studies within the framework 
of the elaboration of the national communications to support the Least Developed Countries 
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(LDC) to write up national adaptation plans and set up a global fund for climate change 
adaptation. 
 
The discussion within the program to support the National Communications2 is taking place 
around the generation of a framework to formulate policies for adaptation in non-Annex I 
countries by the UNDP, with the objective of continuing the evaluation of vulnerability to 
climate change of the countries in the framework of the National Communications. 
 
At first this formal discussion in the setting of the Convention, and less formally in 
academic circles, criticized the current attitude towards adaptation to climate change studies 
highlighting the fact that most of the resources were spent on the development of complex 
scenarios, adjusting models and studies that were only relevant to the global and regional  
setting. In comparison the effort to enhance adaptation has been neglected 
 
And so a flexible framework should be sought for the adaptation to climate change, which 
can be modified and applied by the Parties to carry out their vulnerability evaluations. Also 
there is an emphasis on “learning by doing” where the researchers, decision-makers, 
national experts in government spheres can work together towards common goals of 
adaptation.  
 
The two following points highlight the differences between a “top-down” approach  
maintained by the IPCC until the third evaluation report and a “button-up” approach that 
requires the participation of the local actors involved and at the same time seeks to 
consolidate the state of knowledge of the vulnerability of agriculture in mountain 
ecosystems.  
 
2.1. The standard focus of the IPCC and the vulnerability and adaptation in 
agriculture studies 
One of the fundamental characteristics of the IPCC focus until now is based on using 
models to generate climate change scenarios. This focus works top-down – from the 
general to the particular – where the perception of vulnerability is the result of various tests 
of sensitivity to different climate change scenarios. The impact is estimated after supposing 
certain development tendencies in the future. 
 
Evaluation based on scenarios is a prospective measured to achieve greater understanding 
of how a system behaves and what the consequences of our acts will be. Different ways of 
achieving an objective can also be evaluated. 
 
In its Third Evaluation Report, the IPCC (2001) describes, in a chapter dedicated to 
scenarios, that the approximation used to construct the scenarios varied according to the 
purpose of the evaluation, such as scenarios being used to: Illustrate climate change, 
estimate the potential consequences of climate change, as well as for methodological and 
planning purposes. 
 

                                                 
2 Global Environment Fund  
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As the models become more precise (smaller and more exact grids, greater interrelation of 
variables, better adjustment of the models) it is possible to estimate what the impact could 
be on a certain sector or area of interest. 
 
In this framework the IPCC studies in agriculture aim to evaluate the interrelationships 
between climate change, the increase in CO2 concentrations and crop yields, as well as 
other studies that review the effects combined between the changes in the patterns of 
precipitation, the increase in CO2 concentrations and the changes in the soil and other biotic 
factors such as the incidence of weeds, plagues and diseases (IPCC 2001). 
 
Although the studies carried out with this focus cannot, from a global point of view, be 
easily adapted to the local needs for adaptation to climate change, these so give a certain 
basis to develop adaptation measures, “a light in the dark to discover the way”. The 
incredible efforts that the scientific community around the IPCC has made to enable a 
comprehensive understanding of what may happen because of global warming in all the 
human spheres and concern should not be discarded but rather validated to help a country 
or region to find the actions to be taken to confront the impacts of climate change. 
 
It is important to recognize that the studies carried out on global, regional and local scales 
have served to heighten the perception of the problem and, to a certain degree, define a 
series of possible trends that may become impacts on local economies as well as long-term 
adaptation measures (time-spans of 50 years). 
 
As mentioned above, the studies are centered on the combined effect of an increase in 
temperature and the CO2 concentrations on crop yields. It seems that most of the studies 
seem to agree that the positive effects of the increase in the concentrations of carbon in the 
atmosphere on photosynthetic productivity are greater when there is also an increase in 
temperature; the crops tend to develop in less time but increase their productivity to a 
certain temperature that varies from crop to crop. The negative effects may be connected to 
drastic increases in temperature during the flowering stage (IPCC 1995, IPCC 1997, IPCC 
2001, MSDP 2000).  
 
With regards to soil stability, the studies place greater emphasis on the semiarid regions. 
Thus more power is attributed to the vectors of change in land use and soil management 
than to climate change although it is recognized that the severity, frequency and extension 
of the erosion can be affected by the changes in the patterns of precipitation as well as 
winds (IPCC 1995, IPCC 1997, IPCC 2001). The studies show that there is a possibility 
that the increase in the probability of erosion would tend to reduce the capacity to store 
water and organic material, which would increase the stress of nutrients and water for the 
crops, so the erosion could aggravate the effects of a temperature increase in the marginal 
lands. 

To generate understanding about the general tendencies of plagues and diseases of crops 
because of the effect of global warming, progress has been slow and centered on the Third 
IPCC Evaluation Report (SAR). The explanations tend to speak of a possible rise in 
incidence of plagues and diseases (IPCC 1995) as well as an increase in vectors from the 
1970s; this is consistent with the current climate change tendencies (IPCC 2001). It also 
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mentions that the duplication of CO2 could have an effect on the development of plagues 
and diseases according to the species. 
 
2.2 A new focus for the evaluation and implementation of measures of adaptation to 
climate change in the food system 
 
The main problem lies in how to carry out climate change adaptation measures in the 
practice. The IPCC evaluation reports, which have been an impressive global effort to bring 
together the most notable experts in different areas since the first IPCC evaluation report 
and which in part has been replicated in the countries in the National Communications 
Framework, have only managed to develop some guidelines of what should be done to 
reduce the impacts of climate change; but the climate change adaptation measures, which 
should come from political agreements and institutional and social arrangements at a local 
level will be implemented when these are convinced of and feel the risks related to global 
warming, or when the topic is deemed important at a local level. 
 
The adaptation measures are local in nature, while the best existing scenarios offer 
information on a global scale. The General Circulation Models (GCM) are not precise 
enough to evaluate the impacts at a local level. It is even more critical that the adaptation 
activities be focused on the critical variability factors that could destroy or put at risk a 
certain system and not just be based on what might happen in an average situation.  
 
On the other hand, the way in which the international strategies and agreements related to 
global development are carried out, leaves gaps in the implementation mainly at the local 
level and duplicates efforts at the national and global administrative levels. 
 
For example, the problem of feeding the world population has a formal asidero different 
from and parallel to the UNFCCC in the framework of the Food Summit, as well as its own 
mechanisms to achieve the objective of reducing to half the population suffering from 
hunger for the year 2015. In this framework we can aver that the topic of global warming is 
one more element in the way or working towards making the objectives of the food summit 
a reality.  
 
From the perspective of global food security, the problem is different from the problem set 
out in the formal areas of the UNFCCC. According to various studies by the International 
Food Policy Research Institute (IFPRI) food insecurity in a growing population in the 
world is exacerbated by a growing deterioration of the natural resources, such as the soils, 
the forests, sea fish, air and water, which decreases farming production. Thus the 
degradation of soils is one of the most important challenges for global agriculture. The 
losses of soil are around 10 million hectares per year according to UNEP. There are also 
indicators that show a slowing down in the increase or irrigated lands, and that 
approximately 10 to 15% of the irrigated lands are degraded through salinization and hydric 
saturation. To these worrying tendencies are added the fact that climate change is as 
alarming as shown in the IPCC Third Evaluation Report. 
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The fact that in the last 20 years the intensification of El Niño and other extreme external 
factors such as hurricane Mitch in Central America and the floods in Mozambique and 
India or the prolonged droughts in the Tigris region at the end of the 20th century, which 
have brought great human and economic losses to the countries and the global economy, 
put pressure on the need to generate effective response measures 
 
From the point of view of ensuring food for a growing population that has increasing 
environmental restrictions, it is necessary to develop a different dynamic and adaptable 
conceptual framework that enables the latent forces at a local level to be unleashed. 
 
One of the elements of the emerging conceptual framework is that the countries of the 
world agree that it is necessary to seek better synergies and supplements among the 
different Conventions and Summits that humanity has achieved during the second half of 
the 20th century. The acceptance that climatic variability is part of the problem of global 
warming shows these tendencies to seek common ground and develop work together. Thus 
the responses to adapt to these events that endanger the development of vulnerable 
countries also become long-term adaptation measures for the impact of climate change3. 
Evidently, the increasing costs of adaptation measures will be less if the current 
undertakings of regional management are considered to lead to adaptation to global 
environmental changes.  
 
A second element of the conceptual framework is related to the concept of vulnerability; at 
higher levels of abstraction, vulnerability is relative to the nature of the impact and capacity 
to respond. If the impact is greater than the capacity to respond and thus means a 
deterioration of the state, there is vulnerability to the impact. This concept has begun to be 
managed better when a need arises to implement effective climate change adaptation 
measures.  
 
It is recognized that adaptation is gradual, that there are humans have strengths that cannot 
be estimated either locally or nationally, and that it is necessary to direct the process 
towards collective learning. All the efforts have definitely been directed towards the 
process rather than the short-term results.  
 
The adaptation measures should not be seen as standing alone but rather as integrated with 
the local development process and according to the national lines of sustainable 
development, within whose context there is already, or is being developed, a certain 
capacity for response. The adaptation measures are made up of additional measures based 
on a scenario that demonstrates certain vulnerability. Many of the IPCC reports, in 
particular the IPCC Third Evaluation Report, have emphasized that the most effective 
adaptation measures have already been carried out up to a certain point as part of the 
development process. One of the most important challenges that arises from this discussion 
is to ensure that the adaptation measures are found within the sustainable development 
conceptual framework established by the countries after the Environment and Development 
Conference in 1992. 
                                                 
3 In the last 20 years there has been more evidence of an intensifying of the  Multivariate ENSO Index (MEI) 
(Climate Diagnostic Center, University of Colorado) showing that El Niño is becoming more frequent and 
intense, this coincides with the accelerated retreat of the Andean glaciers since the 1980s 
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As mentioned above, the possibility of addressing risk situations in the short-term, such as 
in the case of extreme events of climatic variability, also generates the possibility of 
addressing projected risks in the long-term4. However, there is still a need to know how and 
what the short-term measures will be, which can also respond to the long-term risks, and 
where it is necessary to direct additional measures that attempt to reduce the long-term 
risks.   
 
This new focus will be used for the development of the new evaluations of vulnerability 
and adaptation to climate change in the framework of the National Communications that 
the countries should present to the UNFCCC. Therefore the country should: 
 
a) Redirect the adaptation evaluations from a purely analytic focus to one that is more 
oriented to forming policies and coordinated action. This incorporates national planning 
decisions and the processes of policy definition, local and traditional knowledge and, at the 
same time, is integrated with the national sustainable development process. 
 
b) Modify the focuses on vulnerability, impacts and adaptation and develop the methods 
with the aim of better evaluating the risks associated with climatic variability and extreme 
events as well as climatic conditions apart from temperature, such as the magnitude and 
frequency of floods, magnitude and probability of droughts, intensity of rains, location and 
frequency of storms and strong winds. 
 
c) Involve key interlocutors in the evaluations to ensure that the aspects relevant to the 
topic of climate change are being taken into consideration as well as the real political and 
institutional agreements to carry out climate change adaptation measures a costos that 
permit massive processes of preparation for and prevention of the risks and include the 
adaptation to climate change actions in the municipal development plans. 
 
d) Construct on the base of national capacities to develop, identify and apply the most 
appropriate methods based on the national circumstances, and establish an essential 
schedule for national climate change technical teams.  

 

                                                 
4, During his fieldwork, the author has been able to perceive that the municipalities hit by the earthquake in 
1998 in the Bolivian valley region have been able to grab the attention of the government and the 
international community only after the fact. Ironically, the result has been better sanitary installations to 
confront extreme situations, additional funds available to face collateral impacts such as irrigation systems 
and food stores and an additional impulse to areas related to reconstruction (brick factories, cement works and 
building activities). 



 12 

Table 1: Vulnerability and adaptation studies in the UNFCCC framework 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.3 General lines of the UNFCCC National Implementation Strategy (NIS)  
 
Although the formal framework for adaptation to climate change in the Convention is not 
yet consolidated, the process in Bolivia began two years ago with the consolidation of the 
UNFCCC National Implementation Strategy (NIS) and the bases for its application with the 
support of the CCTRAIN - UNITAR and National Communications GEF/ UNDP 
programs, with a focus very similar to that which proposes more than two years after as a 
framework to guide the action of the non-Annex I countries within the UNFCCC program 
of national communications.  
 
Given that the country does not have the financial resources to finish complex studies on 
vulnerability and adaptation, the methodological framework should be flexible and 
intuitive, seeking areas of action where there are certain certainties as well as interest on the 
part of the actors implicated. 
 

First Generation: emphasis on climate change science. 
 
Creation of capacities: Evaluation of impacts and identification of vulnerable areas and policy options 
for: 
 
! Sectors (agriculture, hydric resources, forests, coastal areas, health) 
! Regions or areas 
! Activities 

Second Generation: emphasis on science and adaptation policies 
 
Creation of additional capacities: Measures to prepare adaptation through the reduction of the range 
of options for policies and measures through the prioritization of these in specific places: 
! Priority sectors 
! Climatic risks 
! Specific areas 
 

Third Generation: emphasis on specific adaptation measures 
 
Facilitation of adaptation: Adaptation measures selected from the priorities: 
 
Short-term: 
! Management and prevention of risks 
! Adaptation to current climatic variability  
 
Long-term: 
! Institutional and regulatory strengthening for the integration of climate change into the planning 

and processes of national development 
! Creation of capacities: research, education and public awareness 

Policies, strategies 
and priority 
measures 

 
 
Evaluations of 
Vulnerability  

 
 
Integration of 
Adaptation into 
the National 
Development 
Plans 
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The NIS defines, as a national priority and a fundamental part of the Bolivian stance when 
negotiating with the UNFCCC, the adaptation of its sectors of food production and health 
to the impacts. “The country should not neglect its activities to address and adapt to the 
impacts of climate change as that could risk the advances achieved in food security, human 
health and increase existing poverty”.  
 
Its main objective is to achieve sufficient capacities of adaptation to climate change in 
society to decrease the human vulnerability to climate change; this objective will be 
achieved through the generation of response capacities in the different sectors and levels of 
society, as well as the strengthening of an institutional framework responsible for the topic 
and the dialogue mechanisms, coordination and financing of the activities and projects 
within governmental departments. 
 
Thus the NIS includes both concepts of mitigation and adaptation within the concept of 
“adaptation” to environmental and social changes to which Bolivian society is subjected. 
The national society will be well adapted when the productive and reproductive activities 
do not endanger the environmental stability of the planet (according to the formal language 
of the UNFCCC these activities contribute to the stabilization of the concentrations of 
greenhouse gases in the atmosphere), but at the same time have the capacity to maintain 
and improve the levels of “wellbeing” given new environmental conditions generated by 
socioeconomic and climate change by the globalization processes.  
 
Within this conceptual framework, the activities defined by the Convention such as the 
mitigation of climate change, or the reduction of greenhouse gases, become the main 
adaptation measures. Whether it be through changes in the use of the land or in the energy 
sectors, these can present strong synergies with the processes of response of the society to 
climate change; only when these measures are integrated within the development and 
regional sustainability processes and, fundamentally, they can generate a technological leap 
that is necessary to reduce a structural vulnerability of precarious societies and economies 
to the environmental and social global changes. 
 
This means that a good part of the adaptation activities (that until now have received little 
support from the international community) can be financed through mitigation activities 
and vice versa if a balance can be struck between these two basic topics within the 
UNFCCC. For example, a mitigation activity that helps the conservation or recuperation of 
forests in catchment areas at the same time as mitigating climate change as a carbon sink, is 
a main adaptation measure as it contributes to the protection of hydric resources and land. 
Another example would be when a technological leap, often necessary to reduce the 
structural vulnerability of the society to climate change can only usually come about 
through higher levels of energy consumption. This would mean higher levels of greenhouse 
gas emissions if the aspects and synergies are not considered with mitigation and in the last 
case stabilization of the climate system.  
 
Within this conceptual framework the activities of mitigation as well as adaptation to 
climate change would be integrated, as complementary, in the conceptual schemes of 
environmental management. 
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The NIS also leads to the understanding that vulnerability to climate change is relative to 
the human capacities for adaptation. On the one hand, the impacts of climate change could 
affect in an unforeseeable way human undertakings and activities, on the other hand society 
has certain capacities to adapt in certain ambits, while in others adaptation capacities need 
to be generated and strengthened. This approximation is complex and can only be carried 
out through the recognition of capacities to understand of the actors involved and interested 
in and their active participation in the process. 
 
Under the conceptual framework mentioned above, the NIS implementation plans will 
structure a series of actions aimed at ensuring the development of human activities in the 
countries given the conditions of climate change. So the current document on the bases for 
NIS application recommends that the adaptation activities be integrated within the same 
activities of food security, public health, civil defense and complement other measures 
aimed at reducing the greenhouse gas emissions, adding aspects to do with climate change 
into the definition of the strategies, sectoral plans and public policies. 
 
The formulation of adaptation activities with local actors is, according to these bases, one 
of the mechanisms for implementing the NIS and the UNFCCC in Bolivia. 
 
3  Vulnerability of food to the impacts of climate change in mountain regions, 
methodology and objectives of the study 
 
3.1 The guiding thread of the study 
 
To better analyze the problem of food vulnerability in Bolivia and the impacts of climate 
change we have differentiated between two forms of risk to exposure to food security: the 
first is related to the socioeconomic reality of the regions and is directly proportional to 
poverty, the levels of human development and the precariousness of the economies 
(diversification of the markets, technology, etc.). The second is related to the exposure to 
seasonal risks such as droughts or heavy rains that drastically affect the regional economies. 
 
As well as the periodic impacts of droughts and floods, the different farming regions of 
Bolivia will always be affected by the rain and temperature patterns related to climate 
change and ocean-atmosphere circulation events such as El Niño and La Niña. 
 
The study seeks to consolidate enough understanding to motivate the local actors and 
policy-makers to act in a vulnerable region from the point of view of food security and 
climate change, as well as being important socially and economically for the country.   
 
The studies carried out on the hydrology of 4 Andean glaciers in Ecuador, Peru and 
Bolivia. These studies have shown that the Andean glaciers have been receding since the 
1980s (Pouyaud, 1997). The Quelccaya glacier in Peru receded at a rate of 3 meters per 
year between 1970 and 1990 and 30 meters per year since 1990. 
 
The generalized receding of all the Andean glaciers may lead to the disappearance of the 
smallest glaciers in the next decades leading to unpredictable consequences for the 
mountain ecosystems. Various sources mention that the increase in temperature in the 
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mountain regions may increase the amount of water falling in the form of rain and decrease 
the amount of snow. The result is more water in the rivers in the rainy season and little 
water in the glaciers in the dry season to feed the rivers. This may aggravate the water 
deficit in the dry valleys and increase food vulnerability in the region due to a lack of water 
for irrigation and human consumption as well as increasing the risk of erosion of the soils 
in the catchment areas. 
 
On the other hand, the global observation systems for El Niño show a clear intensification 
as well as greater frequency of positive anomalies since the second half of the 1970s. There 
is also a clear relation between the intensification of the positive anomalies in the ocean-
atmospheric circulation and the generalized retreat of the glaciers as well as between the El 
Niño events and the incidence of the landslides and avalanches in the Pacific basins.  
 
The impacts that these short and long-term changes can have on the mountain ecosystems 
have not been studied much and do not provide complete scenarios so it is very difficult to 
gain a complete picture of what will happen to the hydrology in mountain regions and what 
the indirect effects on agriculture will be.   
 
The increase in CO2 concentrations in the atmosphere would have a fertilizer effect on the 
crops. It is very probable that the crops at middle and high latitudes could increase their 
yields, however, in regions where the crops are very close to the maximum temperatures 
tolerated, there would be a decrease in yield.  
 
The studies carried out in Bolivia show tendencies for crop productivity to increase at 
middle and high altitudes, whereas on the plains the crops begin to show symptoms of 
thermal stress. Potato crops show that an increase in temperature has a greater impact on 
yield than does precipitation (- 20% a +20%) even though a 50% reduction in precipitation 
means total crop failure. The yields increase with a temperature rise of up to 3°C but alter 
that they begin to show symptoms of hydric stress because of the effects of 
evapotranspiration. The rise in yields is more evident in the highlands than in the valleys 
and is strengthened by the increase in CO2 concentration (MDSP, 2000, page. 212 -213). 
 
In the case of soya, and apparently in rice also (incremental settings), in the plains of 
Bolivia there is a tendency to reduce crop yields as the temperature rises. The temperature 
increase would begin to inhibit the growth of the plant due to its using all its energy for 
water absorption and transpiration.  There are favorable effects of the doubling of CO2 in 
the atmosphere as soya crops show a high compensation point (MSDP 2000). 
  
 
There have not been any significant advances in the subject of plagues and diseases since 
the IPCC Second Evaluation report, and the studies are limited to specific geographical 
regions in high altitudes and latitudes. Neither are there complete models to include these 
aspects in the sensitivity analysis however this is critical to be able to understand in a more 
integrated way the impacts of climate change on crops.  
 
From a viewpoint of contingency, the populations along large rivers are exposed to the risk 
of suffering flooding, not only in the low-lying areas but also in areas where the channels 
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cannot store any more water, such as is the case of the valleys in the mountain regions. This 
is clearly related to the capacity of the glaciers to store water as ice as well as the state of 
the vegetation in the headlands that mean protection of the soil and the quantity of sediment 
in the rivers.  
 
This study seeks to make a contrast between the results from modeling laboratories with the 
empirical perception of the farmers. There was a general tendency for the high altitude and 
latitude crops to yield more because of the increase in temperature and the concentrations 
of CO2 in the atmosphere, as was partially proven by the vulnerability and adaptation 
studies carried out in Bolivia and other countries in the framework of the IPCC Second and 
Third Evaluation Reports.  
 
However, to affirm that high altitude and latitude crops will tend to yield more because of 
climate change, given that they are still far from maximum limits of thermic tolerance, is 
insufficient and premature. There still needs to be a more systemic and integral discussion 
to gain more clarity, and also to ensure that the food for a population a certain region there 
need to be effective adaptation measures developed using all sources of knowledge 
available.  
 
The crops will tend to yield less when there is less water available (less rain and/or changes 
in the distribution of the rains). Thus it is necessary to see the margins of precipitation in 
the Interandean valleys and what the most probable tendencies of climate change would be 
through a revision of studies already done as well as carrying out studies in more detail in 
some areas. It is also necessary to evaluate the impact of El Niño in these regions and what 
the impact on the hydrological balance of the ecosystems would be if there are changes in 
the thermic and precipitation patterns.  
 
Finally, the study moves around three adaptation measures that have arisen from previous 
studies and the IPCC. These can be summarized as: 
 

" More irrigation to partly solve the problem of availability of water and help the 
crops to adapt to the new climatic conditions, 

" Availability of the quality and quantity of enough seeds to face climate change and 
take advantage of the opportunities present in atmospheric fertilization (duplication 
of CO2). 

" Financial and insurance mechanisms to respond to the impacts 
 
3.2 Initial methodological ideas to guide the actions for adaptation to climate change 
 
Climate change, while changing the patterns of rains and temperatures, will have an impact 
on the traditional ways of producing food. Changes from 1.4 to 5.8°C in the global surface 
temperature of the earth can change the microclimatic conditions in a certain region in such 
a way that the traditions and culture no longer exist between the people and the farmers for 
a certain crop system that is no longer useful in that geographic context.  
 
Changes of around 5.8°C can generate conditions as different as those in the transition from 
the glacier to the interglacial periods. The last 10,000 years of geological history, which 
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gave rise to the agrarian civilization whose agricultural practices have been honed over 
thousands of years of climatic stability (except for small changes in periods known as  
small glaciations), will have to be modified over a century to be able to produce enough 
food for the population.  
 
When vulnerability is mentioned it is always linked to a perception of vulnerability that 
depends on the definition of the system. If a system is defined as an agro alimentary 
system, the vulnerability of the system will depend on a series of sociodemographic, 
economic and environmental factors. In relation to global warming in particular, there will 
be a tendency to analyze the system through a framework of changeable variables that 
could put at risk the stability of the system (a series of variables that heavily depend on 
climate change).  
 
The result of a perception of vulnerability to climate change is no more particular than it 
seems; however, it offers an interesting starting point to better understand the problem of 
social and environmental vulnerability of the agro alimentary systems. First because when 
we use the differential concept of vulnerability as a product of nature and magnitude of 
impact and the response capacities, it is impossible to leave aside the risks and 
opportunities within the context of global environmental changes or those changes that 
have to do with the social and economic nature of the globalization processes. 
 
A first heuristic and simplified approximation lets us deduce that the agricultural systems 
based on a traditional knowledge of the management of the environment (climate, water, 
soil,  flora and fauna) would be the most vulnerable to climate change if, at a certain 
moment, the productive equations existing  within the knowledge of the farmers to not 
function optimally, given the new environmental conditions, to ensure the optimum state of 
alimentation of the population (systems highly dependent on environmental factors). While 
the technified systems that aim for rational use of water, the generation of artificial 
microclimates, and a strict phytosanitary control would be less sensitive and finally less 
vulnerable to the impacts of climate change. 
 
But this analysis would be empty if we did not take into account that the farming societies 
in Bolivia as well as in other developing countries, are already societies vulnerable to 
global social and environmental changes, to which they are subjected because of the 
precariousness of their economies, the level of education of their people and/or the lack of 
political representation due to existing institutional gaps, or the lack of laws and regulations 
for the regional work that generate conflicts about the use of resources. These basic 
conditions of insufficiency add additional risks to ensuring the wellbeing of the population, 
within which climate change is a conglomeration.   
 
On the other hand, the changes produced in the climatic variability (duration of dry years, 
distribution of the precipitation in the rainy season, changes in the wind patterns, incidence 
of frost and hail storms) are going to affect more strongly the regions where there is already 
a deterioration in the soil, the hydrological cycle and the quality of waters, or the vegetation 
cover that will lead the ecosystems to becoming more fragile. 
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Synthesizing both the social and environmental aspects, the regions, which have managed 
different technological options and institutional arrangements to marginalize the risks and 
at the same time have managed to conserve the environmental factors that ensure the 
stability of the ecosystem (of the hydrological cycle, soil erosion, the biological control of 
plagues and diseases, as well as the agricultural burden it supports), would be the least 
vulnerable to global environmental changes, including those that are climatic. 
 
Naturally this hypothesis will have to be proved by systematizing the experiences that 
happen in the later phases of implementation of climate change adaptation measures. 
 
It is difficult and complex to estimate the possible impacts of climate change on the 
agricultural systems but all the farmers have   the capacity to manage certain levels of risk. 
It is necessary to recognize that agricultural success is accompanied by risk management; 
what is perceived to be the most probable given the environmental conditions for 
production, but on the other hand, from a functional point of view, agricultural success is 
measured by yield and the profitability of the agricultural business or in relation to the 
capacity of the food system to produce a certain amount of food for the population (food 
security focus). 
 
Climate change will affect the availability of water, modify the ecosystem where there is 
farming activity and finally it will affect the characteristics of the soil and crop yields or the 
incidence of plagues and diseases.  
 
In mountain ecosystems the impacts of climate change are more closely related to the 
changes in the diversity of the ecosystems and the patterns of precipitation, as well as the 
availability of fresh water. It is highly probable that the ecosystems that depend on 
particular combinations of temperature and humidity such as cloud forests could be highly 
stressed eroding even more the biological diversity and endangering the hydric resources, 
the soil and the vegetation. In the same way, very particular diverse and complex agro 
alimentary systems can be changed by small changes in the microclimatic conditions. 
 
It should be recognized that the variety of existing ecosystems within a mountain system 
makes it impossible in the short-term to estimate what the impact of climate change will be 
on the agro alimentary systems in a certain region. It is very possible that climate change 
positively affects certain microclimates and therefore parts of the agro alimentary system, 
but negatively affects other critical parts finally making the whole agro alimentary system 
vulnerable.  
 
The result translates into the necessity for new institutional agreements for the management 
and distribution of the resources. When, within the cultural and institutional context of the 
region, the actors can agree on arrangements aimed at reducing vulnerability, they begin to 
cooperate and reduce their vulnerability, or, the actors cannot reach satisfactory agreements 
and reach a situation of conflict or set up a certain inertia that will not allow regional 
vulnerability to be reduced but rather to grow. 
 
In mountain ecosystems where the crops are far from being subjected to thermal stress due 
to the effect of global warming and there is an improvement in the availability of fresh 
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water, there may be an improvement in the potential conditions for agriculture, there may 
even be in some regions better conditions for the diversification of agricultural production 
and obtaining higher levels of profitability for the farmers based on a technological leap. 
 
To balance this discussion and translate it into actions for adaptation to climate change it is 
recommended that the “learning by doing” focus proposed in the discussion about the 
second generation of evaluations of vulnerability and adaptation described in point 2 of this 
document be recognized. With this focus there should be a balance between the scientific 
certainties, a comprehensive understanding of what could happen because of global 
warming, and the need to effectively reduce the risks in the short and long-term, as well as 
recognizing the possibility of taking advantage of the opportunities that present themselves 
to do pilot projects that can be replicated in the future.  
 
The opportunity comes from perceiving the current actions as a technological leap, new 
institutional agreements as potential adaptation measures that should be honed by testing 
them taking into consideration climate change aspects.  
 
To address the questions put forth in point 3.1 of this document in an exploratory and 
participative manner, a non-structured research methodology was chosen, guided by the 
conductor of this work, where different social actors participated such as farmers, farming 
associations, extension workers and facilitators, decision-makers, governmental agency 
experts, humanitarian aid workers, and others. 
 
4. Agricultural and geographical context of the study area 
 
The mesothermic valley region of Cochabamba and Chuquisaca, which takes in the upper 
reaches of the Rio Grande, was chosen for the pilot study. The pilot region takes in the 
municipalities of Aiquile, Omereque, Pasorapa, Mizque, and Totora in the department of 
Cochabamba, and the municipalities of Icla, Zudañez, Sopachuy and Tarabuco in the 
department of Chuquisaca (see Map 1).  
 
The region is found in a mountain sub-tropical zone between the South and West latitudes. 
It is characterized by high mountainous regions alternated with terraces and alluvial 
flatlands, valleys and plateaus from 2000 to 2800 masl. The mountains and the valleys are 
parallel; the valleys are deep and wide, the peaks of the mountains have been eroded and 
leveled making up a series of strong plateaus along the belt of mountains. 
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These topographic characteristics that determine the levels of solar radiation in the slopes 
supported by an almost overall temperate climate with little or no excess water in some 
places and greater precipitations towards the south (225 mm to 550 mm) create a series of 
microclimates and agricultural landscapes.  
 
The rural areas of Cochabamba and Chuquisaca, like all the valley regions, are losing their 
population. Between 1976 and 1992 the population growth in rural areas was below the 
natural growth since the rural population decreased by around 1%. The tendency is to 
migrate to the cities of Cochabamba and Santa Cruz, and also to the Chapare region 
although this is changing. 
 
Most of the population near the major markets is 70% bilingual (Spanish and Quechua) 
whereas in the municipalities where there is little population there is more monolingualism.  
 

Image 1: Pilot Region 
 
 The image on the left clearly shows the watershed of 
the River Grande at the border of the department of 
Cochabamba to the north and Chuquisaca to the 
southeast where the last foothills of the mountain 
range begin to open up. To the north and almost on 
the limits of the southeast of the department of 
Cochabamba with the department of Santa Cruz is the 
watershed of the River Mizque, one of the main River 
Grande tributaries. 
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Image 2: Levels of human development and poverty in the pilot region 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Own based on data from INE, IDH and IVS from UNDP 1998 
 
The municipalities chosen are among the most socially vulnerable in Bolivia, the illiteracy 
rates are the highest in the country and the income per capita is among the lowest in Bolivia 
as shown in graph 15. 

                                                 
5 Figure 1 compares the levels of human development in the municipalities selected according to various 
indicators. The social vulnerability index describes the state of the economy and the social integration of the 
inhabitants.  
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The different indices6 to identify the poorest and most vulnerable in the country show the 
departments of Potosí, Chuquisaca and Cochabamba to be the departments with the most 
poverty, malnutrition and social vulnerability, particularly in the provinces in the 
Interandean dry valleys. 
 
The level of food security in the region is characterized by insufficient production, 
compensated for by import and food aid. The accessibility of the food to the population is 
added to the problem. 
 
The Population and Housing Census in Bolivia (1992) revealed that around 70% of the 
Bolivian population lives under the poverty line. 94% of the people living in rural areas are 
poor. Most of the food production is for internal consumption that exposes the homes to a 
high risk of food insecurity because of variations in farming yields.  
 
The FAO 1999 (b) estimates that the prevalence of malnutrition in Bolivia is moderately 
high, 23% of the population does not have enough food to satisfy their needs. Even though 
in the large cities the levels of energy intake are above the level of calorie needs calculated 
for the Bolivian population of 2085 kcal/pers./day., in the rural areas it is estimated that the 
level of energy intake is less – one study carried out in the rural area of La Paz shows the 
level energy intake to be 1590 kcal/pers/day (FAO 1999 (a)).  
 
According to the FAO 1999 (b) in 1995 27% of children below the age of 5 showed signs 
of undernutrition in Bolivia. However, regional differences are strong. In the highlands and 
the valleys the prevalence is around 30% and in the plains it is 18% (according to WHO 
1995 data quoted in the Bolivian Nutritional Profile 1999).  
 
The Bolivian Nutritional Profile mentions that the most significant prevalence of 
undernutrition are located within 18 provinces in the departments of Chuquisaca, Potosí 
and Cochabamba, all of which had high female poverty and illiteracy levels, as well as a 
lack of infrastructure and basic services. 
 
Very general studies show that one of the main causes of social vulnerability and poverty in 
the region of dry valleys is the environmental deterioration that has been happening since 
the time of the colony (Montes de Oca, 1998). This is basically a deterioration of the soils 
because of salinization and erosion, but also because of the seasonal scarcity of water, 
which seriously limits farming production.  
 
In 1994 the Population Health and Demography Census showed high levels of acute 
malnutrition in the children of the departments of Chuquisaca (14.6%) and Potosí (10%) 
due to drought (the national rate is 4.4%). 
 
The PMA 2001 study7 shows the municipalities in the west of the country, in the highland 
as well as in the valleys, as the most vulnerable to food security. 
                                                 
6 Be it the poverty index, the human development indexo r the social vulnerability index 
7 The PMA 2001 study combines a series of human development indicators  (education, basic services) along 
with other environmental (incidence of droughts and floods) for the indicators of  food  vulnerability  
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But on the other hand, despite the low levels of food security in the region, it is important 
to stress the importance of the food economy of the Interandean valleys; the central position 
of a wide variety of agricultural produce feeds the markets of La Paz, Oruro, Potosí, 
Cochabamba, Sucre and Santa Cruz, at competitive prices. 
 
With regards to social organization, ayllus (traditional communities) are spread throughout 
the region. These come from the Mitimaes (work organizations) of the Incas for the 
production of corn and potatoes. However, the strong sociocultural impact of the haciendas 
during the colony and republic partially fragmented the ayllus activity and generated 
communities based around the haciendas (farmers that formerly served the haciendas and 
have lost their relation with the ayllus). After the agrarian reform, the producers organized 
themselves around a key product; there are organizations for wheat and potatoes, 
vegetables and fruit are more commercialized individually in the markets and at local fairs. 
  
5. The climate change and variability scenario in the pilot region 
 
5.1 The climate change scenarios 
 
Our understanding of the climate changes and variability in the pilot region is incomplete 
and based on studies more focused on the second half of the 20th century. These studies try 
to explain the climate in the region within the regional and continental context including 
aspects of climatic variability. A new generation of studies generated by the National 
Climate Change Program (MSDP 2000) tries to describe what the most probable climate 
change scenarios would be in Bolivia, but these efforts are just as uncertain as the global 
studies that were generated in the IPCC framework8. 
 
The studies carried out in Bolivia based on General Circulation climatic models show up 
some tendencies that should be studied more to be more certain. These are the following for 
the pilot region: 
 

" The temperature increase is proportional throughout the year.  
 

" There is a slight increase in the precipitations throughout almost all Bolivia, 
including the pilot region. 

 
" The increase in precipitations is greater in the rainy season.  

 
" There is a slight tendency for the rainy season to start later and/or be shorter.  

                                                 
8 Because the general circulation models have been fine-tuned to the IPCC Third Evaluation Report including 
the effect of aerosol reduction measures (which have buffered the effect of global arming), global warming 
could be greater than supposed from previous studies. At a national level, we are still interpreting climatic 
scenarios that despite considering the the effect of aerosol concentrations in the atmosphere do not consider 
the effects of the reduction in the concebntrations of aerolsols in the atmosphere as a collateral effect of the 
reduction of grrenhouse gas emissions and ozone precursor gases, like the latest studies included in the IPCC 
Third Evaluation Report.  The changes expected would presumably be above what has been predicted for the 
regions in Bolivia. 
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Table 2: Normal temperatures and precipitations (1961 - 1990) in the pilot region  
 
Temperature (°C) JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

AIQUILE 20.7 20.2 20.2 19.0 17.0 15.7 15.3 17.0 18.5 20.4 21.2 20.6
ARANI 18.0 17.8 17.9 17.6 15.9 14.3 14.2 15.5 16.9 18.5 19.1 18.4
TIRAQUE 12.8 12.4 12.5 12.4 11.4 10.3 10.0 10.8 11.8 13.0 13.1 12.8
TOTORA 16.8 16.6 16.5 16.0 14.8 13.5 12.8 14.2 15.6 17.1 17.5 17.2
 
Precipitation (mm) JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
AIQUILE 117.8 100.6 75.3 27.0 4.7 34.4 0.6 6.2 15.3 26.7 53.3 94.5 
ARANI 88.9 70.5 62.1 18.8 4.4 2.3 1.6 3.9 9.0 14.2 39.0 78.7 
TIRAQUE 122.2 72.2 91.3 24.3 8.2 0.9 4.4 7.7 11.6 23.0 57.9 102.4
TOTORA 157.8 127.8 96.7 31.9 6.0 3.3 2.1 6.5 12.0 27.0 59.0 127.9
Source: SENAHMI 1999 
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The studies carried out in Bolivia (MDSMA 1997, MSDP 2001) based on the SCENGEN 
model show a tendency for the precipitation levels to increase more in the mountain 
ecosystems, even though the impacts of climate change on the distribution of rains during 
the year have not been studied. Neither have the impacts of the general retreat of the 
glaciers on the availability of fresh water to maintain the equilibrium of the ecosystems 
been sufficiently evaluated. 
 
Even though the General Circulation Models show a clear tendency for the levels of 
precipitation to increase in the pilot region, particularly during the rainy season, the level of 
resolution of the models does not allow for enough contrast to understand how the rain 
regime will be affected in its distribution over 10 days (which has a direct influence on the 
crops). It seems (from conversations with agro climatologists from the Early Warning 
System (SINSAT)) that in the last four years there has been periods of heavy rains followed 
by droughts of up to 20 days in the rainy season. The impacts that this type of event could 
have on the crops in the different regions of the country have not been studied. 
 
The models also show a slight tendency for the start of the rainy season to start later and/or 
be shorter. 
 
The NDVI values9 of the AVHRR-NOAA sensor in the last 20 years, particularly from the 
months of September and October when the rainy season begins show tendencies for the 
precipitation patterns to change. Whereas the NDVI values for the second half of October 
have shown a clear tendency to drop in the last 20 years, which means a decrease in 
quantity and growth of vegetation in October, in November the tendency is the opposite, 
the average vegetation index has risen in the last 20 years, meaning that there is more 
quantity and growth of vegetation in the second half of November (Fig.2).  
 
This trend has also been perceived by farmers in Santa Cruz as well as in Cochabamba and 
is also valid for the pilot region. It seems that in the last 10 years this tendency has become 
quite notorious and is more than is reflected in the models. The farmers in the high valleys 
of Cochabamba have been watching this tendency and have taken measures to face this by 
introducing a short-cycle species.  
 
 
 
 

                                                 
9 The Normalized Difference Vegetation Index, uses a complex ratio of reflectance in the red and near-
infrared portions of the spectrum to accomplish this. Reflectance in the red region decreases with increasing 
chlorophyll content of the plant canopy, while reflectance in the infrared increases with increasing wet plant 
biomass  
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Graph 1: NDVI trends during the beginning of the rainy season 1982 - 2001 
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5.2  The impacts of the ENSO on the pilot region 
 
Among the national experts there is a perception that the events and anomalies linked to the 
ENSO show themselves in different ways and can not be predicted. The greatest attempt to 
systematize the experiences of extreme events related to the ENSO was carried out for El 
Niño 1997/98 apart from some less intense made for El Niño 1994/95. However, there is 
almost a generalized opinion that El Niño brings a reduction in rains in the west and an 
increase in the east. This is true but not enough to understand some of the regional 
peculiarities of El Niño.  
 
The NDVI indexes for the last 20 years from the FAO ARTEMIS database, particularly 
from the years of El Niño 1982, 1987, 1991, 1994 and 1997, and the years of negative 
anomalies or La Niña 1985 and 1988show a clear correlation between the nature of the 
event and the prevalence of drought in the Sub Andean belt and the highlands, but not 
between the magnitude of the event and the magnitude and duration of the drought. In other 
words, the El Niño events are always followed by drought in the pilot region but strong 
events are not always followed by strong droughts. The El Niño event of 1991 
characterized as light had strong impacts on the availability of water in the region.   
 
Figure 1: Multivariate ENOS index and dry years in the pilot region 
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Image 3: NDVI in 1982 (January - December) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The NDVI was constructed on a visible channel and the infrared of the AVHRR sensor from the polar orbit satellite NOAA. 
The images were processed by the NASA Goddard Space Flight Centre for FAO-ARTEMIS. The author edited the study 
region images  
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Image 4: NDVI in the year of El Niño 1983 (January – December) 
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In 1998 a follow-up report of the “El Niño” phenomena by the Ministry of Agriculture and 
Rural Development (MAGDR) showed evidence of losses over 40% in the production of 
maize and wheat in the departments of Chuquisaca, Cochabamba and Potosí because of 
drought. But the drought also affected the production of potatoes in the first crop year of 
1998; a FAO report signals the reduction of the sowing area (GIEWS 1997). 
 
Figure 1 shows that the years of positive anomalies in the Multivariate ENSO Index 
coincide with droughts in the pilot region, with a water deficit in the months of September, 
October and November, whereas the negative anomalies of La Niña coincide with humid 
years. The same figure clearly shows that the events of El Niño have become more frequent 
and intense since the 1980s and so the favorable situations associated with La Niña become 
less frequent. 
 
Graph 1 shows typical behavior of the vegetation indexes during an El Niño year. The rainy 
season months are much drier. The reader will notice that the southeast region of the 
department of Cochabamba, which in 1982 showed high vegetation indexes, in 1983, 
shows the same to be drastically reduced. 
 
 
 

Systematized results of interviews with people and authorities from the municipalities of Totora 
and Mizque  

  
" During the events of El Niño 1982/83 and 1997/98 the region was seriously affected. The aquifers’ 

volume of water was reduced drastically, which caused great cuts in the drinking water and 
electricity for the populations; especially the urban population. We lost almost half of the harvest. 
Farmers in the Mizque region mention that since the events of El Niño (approximately 1982/83) their 
crops have never reached the same yields as before. 

" In conversations with the municipal authorities, they spoke about a highly vulnerable region where 
the population has decreased so much that there are no young people left “there should be 12,000 
people and there are only 7,000”. This is due to unpredicted changes in climatic variability such as a 
late onset of the rainy season and then heavy rains, which has led to rain-fed farming being in an 
emergency situation. 

" The authorities in Mizque refer to floods in the rainy season and are very worried about these events 
associated with washing the topsoil and increase in the erosion gullies in the highlands, which seem 
to be linked to climatic variability, but over pasturing in the highlands and deforestation have 
increased the levels of sedimentation in the rivers and increased the riverbed to up to one metre 
decreasing the levels of infiltration in the lowlands. 

" After the events of El Niño as well as the earthquake in 1998 the region has become a focal point of 
technical assistance and food donations. The authorities are aware of the secondary effects of 
humanitarian aid on social cohesion but find that they have limited scope for action. 

" The factors that would lead to a municipality having better negotiating conditions to reduce 
vulnerability to climate change need to be studied as they play a major part in creating  sustainable 
processes for the reduction of vulnerability to climate change. 

" The region has extense areas of eucalyptus and pine forests that were planted by different 
reforestation program. There have been some successes and some failures that could be recovered to 
generate new carbon plantations. 
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5.2 Climatic risks in the pilot region  
 
Apart from the impacts related to the ENSO, the region’s agriculture is threatened by other 
climate risks.  
 
Hailstorms can last from 15 minutes to up to an hour, mainly damaging the production of 
fruit, generally in the rainy season December to February. 
 
Frosts between June and August mainly affect the crops irrigated on the flat lands. To avoid 
the deterioration of the crops, the farmers tend to use the protected slopes, which then 
overload the soil. Winds of up to 30 to 40 km/h during the cereal maturation time also 
cause losses.  
 
There are no studies that show the tendencies of these risks, particularly on the incidence of 
the frosts, hailstorms and strong winds related to change and climatic variability and so this 
is the enormous gap that should be made up for in future studies. 
 
Table 3: Climatic risks in the study region  
 

Incidence of drought  1 every 2 years  
Floods There is localized irrigation but more in the 

south towards the basin of the River 
Pilcomayo 

Impacts of El Niño Drastic reduction of the rains in some places 
and changes in the precipitation patterns in 
others 

Incidence of frosts 90 to 180 days between March and August 
Incidence of hailstorms During the rainy season, particularly from 

December to February 
Strong winds Stronger in some valleys between November 

and January 
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6. The impacts of climate change on the agro alimentary systems in the pilot region 
and potential adaptation measures 
 
Summarizing the IPCC first generation studies, these have aimed at understanding what the 
impacts of climate change will be on crops. The efforts have gone into detecting crops and 
regions vulnerable from the point of view of global feeding. The IPCC conclusions in 
relation to agriculture show up some critical elements. 
 
A first conclusion is that the crops that are far from their thermal tolerance limit can still 
stand a temperature increase. This is particularly valid for the crops in the high zones and  
those not found in the tropical and sub-tropical zones. These crops could even increase their 
yields because of an accelerated metabolism as a consequence of a rise in temperature and 
more availability of carbon in the atmosphere (fertilizer effect of CO2). 
 
In areas where the crops are close to their thermal tolerance limits, there will be a combined 
effect of greater thermal stress and greater need for water to satisfy their hydric demands.  
 
Agriculture will be impacted by drastic changes in the temperature, increases of CO2 in the 
atmosphere, and unpredictable changes in the rain patterns. 
 
In the Interandean valleys the impacts of climate change on crops have not been studied 
much. The studies carried out by the Instituto de Investigaciones Agropecuarias de la 
UMSA along with the PNCC on the impacts of climate change on some important crops 
show that a rise in temperature will have a positive effect on potato crops in the valley 
region where there is up to 5°C below the optimum temperature of the crop and there is 
enough water (when there is a rise of more than 3°C in the temperatures it is necessary to 
satisfy the changes in the hydrological balance of the crop because of increased 
evapotranspiration with extra irrigation).  
 
This positive effect on the yields will increase because of natural fertilization of the 
atmosphere when the levels of CO2 double. However, this fertilizing effect will not be as 
strong at greater altitudes and latitudes where the crops are even further from the optimum 
temperatures and there is a greater effect on the enzymatic activity of the plant.  
 
The same study looks at the hypothesis of forwarding or postponing the sowing period by 
25 days to increase even more the crop yields. However, this did not give significant 
results. The results begin to be significant when the sowing season is delayed by more than 
30 days but the risks to the crop (because of lack of water and incidence of frosts) increase 
exponentially (MSDP 2000, page 214). 
 
6.1 The climate change adaptation measures within the agricultural context in the 
pilot region                                                                                                                                    
 
6.1.1 The agricultural context in the pilot region 
 
There are different geographical conditions for agriculture in the pilot region. In the valleys 
that do not have any water limitations, four types of farming can be found: 
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1) Summer agriculture with rain-fed and irrigated crops,  
2) Winter irrigated agriculture (michkhas) or winter crops,  
3) Summer early crops (chaupi michkhas) and  
4) Orchards. 

 
The high, humid areas are characterized by their being potato regions, whereas most of the 
valleys between Pocona and Totora produce wheat. 
 
To the south, where the valleys are lower and more temperate the main crop is peanuts. In 
the more humid parts there are sweet potato and  sugarcane.  
 
Crop rotation includes the tubers, cereals and, in some cases, rain-fed legumes and irrigated 
vegetables and industrial crops such as garlic, peanuts and spices (see table 4).  
 
Table 4: Example of crop rotation  
 
Rainfed area 
Potato – Maize – Wheat – Barley – Beans – Peas or 4th – 8th year Alfalfa (e.g. Mizque) 
Potato – Maize or Wheat, Potato – Potato – Barley, Maize – Maize – Fallow - Potato (e.g. 
Omereque) 
 
Irrigated area 
 
1st Rotation Onion – Potato (peanuts) 
2nd Rotation Potato – Corn maize  
3rd Rotation Onion – Kidney beans – Vegetables  
 
The fertilizer is mainly organic (manure) although in some areas mineral or chemical 
fertilizers have been introduced for crops such as potato, tomato and onion. The most wide-
spread technology for land preparation is the ox (or other animal) and plough, although in 
some areas (mainly flat) there is increasing use of the tractor. To increase the soil’s nitrogen 
content, legumes are introduced within the crop rotation. This rotation, similar to leaving 
the soil fallow, is carried out by those farmers with more land. Finally, protection against 
erosion practices restricts the traditional construction of intercepting and defence ditches 
with local materials. 
 
It is thought that legumes, as well as improving the soil, could have an effect on reducing 
the grazing of the livestock. However, the small-scale holding conditions do not allow the 
families to use part for the production of fodder. Many of the problems of the inadequate 
use of the land are definitely related to the small-scale holding. 
 
The fruit plantations are generally in the upper reaches of the valley (peach, apple, lemon, 
orange and in some areas grape, fig, custard apple, papaya and avocado crops). In Tarabuco 
for example, zones where there is irrigation are more and more dedicated to peach farming, 
which is highly profitable. 
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Table 5: Types of use of soil in the study area 

Province Municipality Cultivated 
area 

 

% Cultivateabl
e area 

% Pastur
e 

Fallow 

Campero Aiquile 14.824 5.87 39.525 15.66 186.09
3 

510 

Campero Omereque 4.484 4.4 2.838 2.8 80.033 223 
Campero Pasorapa 4.922 2.4 42.094 20.7 155.10

1 
648 

Mizque Mizque 10.842 6.3   17.587 930 
Carrazco Totora -----  -----  ----- ----- 
Tomina        
Zudañez Icla 3.949 6.65   3.308  
Zudañez Zudañez   2.359 2.29   
Tomina Sopachuy   4.385 5.19 61.400  

Yamparaez Tarabuco   19.270 19.3 42.352  
Source: Agrarian Regulatory Body  
 
The water deficit in the pilot region is up to 900 mm in the months between May and 
December. The region is constantly subject to droughts that can go on for years affecting 
the hydric balance in the region. This is worse in the years of El Niño when the humid 
currents tend to be concentrated in the East.  
 
According to the Agrarian regulatory body, the cultivated area covers almost 100% of the  
cultivateable area in the region and in some places exceeds the Capacity for Greater Land 
Use and extends into fragile lands (see table 3). According to the same source, over 30% of 
the cultivateable lands are being eroded. In some areas where there are native forests 
(Aiquile, Omereque) used for livestock grazing, which overburdens the patches of woody 
and shrubby vegetation.  
 
In relation to other measures related to soil management, it is necessary to review the 
success and the obstacles to adapting to the greater use of the land as well as the 
implementation of agro forestry systems. The agrarian regulatory body 2000 mentions that 
over 30% of agricultural use would be in conflict, the farmers would tend to habilitate 
fragile lands in the upper areas for pasture and agriculture, which would increase the risk of 
erosion as the vegetation layer is lost.   
 
6.1.2 The climate change adaptation measures in agriculture 
 
Most of the studies carried out within the IPCC framework as well as those national studies 
suggest the implementation of adaptation measures that can be summarized into three large 
groups of adaptation measures for agriculture in different ecosystems.  
 

1. Additional irrigation to reduce agriculture’s dependency on the growing climatic 
variability.  
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2. Introduction of improved species better adapted to new climate conditions,  and the 
use of biotechnology to confront plagues and diseases.  

3. Contingency funds and security systems to respond to emergency situations 
 

As a result of this work, it is also proposed that the climate change adaptation strategies be 
revised within the framework of integral environmental management – integral measures 
that lead to taking care of the forestry resources, the hydrological cycle and the soil in a 
certain region (see table 6). 
 
Table 6: Potential adaptation measures to ensure alimentation 
 
At a national and global 
level 
 

 
- Improve the systems for early-warning and  
- Civil defense 

 
At a regional level 
 

- Integral environmental management 

 
 
 
At a local level 

 
Introduction of technology to reduce risks 
 

- Irrigation and water management systems  
- Species better adapted to short cycles and thermic 

stress 
- Contingency funds 

 
 

a) Climate change adaptation - irrigation systems, current situation and considerations 

 

The irrigated areas are generally located in the lowlands. Irrigation is usually due to gravity 
through channels and ditches that feed from the spillovers of the rivers. The highlands as 
well as the higher communities generally practice rainfed and pastoral agriculture but those 
that have irrigation have the possibility of producing more profitable crops such as the 
potato michkha, peanuts and hot peppers, due to irrigation allowing a clear increase in yield 
(table 7). 

 
According to an analysis of the International Food Policy Research Institute (IFPRI) at a 
global level, irrigated lands can produce three to ten times more per hectare through an 
increase in harvests and products of a higher value than rainfed lands (Andersen 1999). But 
at the same time, the IFPRI mentions the rational use of the hydric resources as a key factor 
to ensuring alimentation in the future.  
 “The efficient use of current and potential irrigation sources, as well as the improvement of 
water control in general is essential to increase agricultural productivity and reduce 
productive variability” (Andersen 1999). 
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Table 7: Behavior of main crop yields in the municipality of Icla  
 

Crop Altitud
e 

Valley 
headland

s 

Valley
s 

Mountain range Average 

Potato 114 80 95 65 88 
Maize 9 17 21 9 5 
Wheat 15 20 - 15 14 
Barley 18 17 - 17 17 
Peanut - - 28 - 28 

Source: Agrarian Regulatory Body 
 
Since the creation of the Food Security Support Program and the PRONAR (National 
Irrigation Program) and the co-participation of the municipalities that attracts international 
cooperation, there has been an increase in irrigation projects in the region. Table 8 includes 
some examples of irrigation projects in the region. The infrastructure projects include those 
to improve the existing irrigation systems as well as the construction of reservoirs to 
accumulate and regulate the availability of water in the region. 
 
On the other hand the technological leap requires the farmers to have a certain level of 
specialization. The current size of agricultural property makes it difficult to attract 
investment in technology (irrigation, mechanization). Experts are of the opinion that the 
main agricultural problems for irrigation are: 
 
1. Crops are sown and harvested on the slopes to avoid the February frosts. This makes 

the introduction of certain types of mechanization impossible. The lack of irrigation 
does not allow for the crop dates to be modified to avoid the frosts. 

2. Irrigation is intensive labor as it is carried out through ditches; the families cannot water 
various hectares at the same time.  

 
The reduced size of agricultural property (1.63 ha/family in Icla, in the higher areas of 
Sopachuy 1.82 ha/family and 2.41 ha/family in the lower areas) makes the improvement of 
the irrigation systems complicated due to the farmers’ lack of capacity to invest. A study 
carried out by the ESMAP of the Vice Ministry of Energy mentions the difficulty of the 
size of agricultural property to generate a technological leap. The most technified systems 
that gravity irrigation (pump, overhead or micro irrigation) need investment of up to 
US$4000 per hectare as well as having electricity for the water pumps. The use of new 
technology brings higher income but also higher costs due to the obstacle of the size of 
agricultural property.  
 
As a climate change adaptation measure there are certain trends that should be studied more 
in depth. The methods of irrigation that have been implemented in the country, particularly 
those such as PRONAR, limit the irrigation programs to places where the rights and 
customs are clearly established and where gravity irrigation is possible. However, this 
perception of irrigation in the framework of public policies begins to find certain contrast 
with the expectations and understanding of the farmers at the municipality level. If the 
pump irrigation were more efficient (as well as gravity irrigation) through synergies with 
rural electrification and social cohesion within the unions, producers associations and 
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cooperatives that would enable the cost of greater investment to be covered, a greater area 
could be watered more efficiently, which would also include more of the vulnerable areas.  
 

Table 8: Proportion of the irrigated land in the study region 
Province Irrigated area (ha) % of the area 

cultivated 
Campero 3770 Approx 13%  
Mizque 8857 Approx 80% 

Carrasco 4011 Nd 
Tomina 4164 Nd 

Yamparaez 1620 Nd 
Zudañez 3145 Nd 

  Source: National Register of Irrigation Systems, MAGDR 2000 
 
The means of irrigation can only be implemented where there is water available and its 
provision is ensured through technological means and established and assured rights. This 
includes: ways of regulating the bodies of water through other infrastructures (dykes, tanks 
and channels), as well as defining water rights.  
 
For the infrastructure projects to bring benefits to the regions and increase the wellbeing of 
the farmers, they should consider that the water rights are clearly established (including 
aspects of rights and obligations of use such as the treatment of urban waters), involving the 
current rights and customs that have been designed to function on micro regional scales. 
This is important, particularly because the municipalities have begun to negotiate various 
irrigation infrastructure projects that, if they do not take into account more global and 
general aspects of cooperation as well as the linked environmental services within a river 
basin, could generate conflicts in the future and increase the vulnerability of the agriculture 
whether in the low or the high areas of the basin. The case of the unresolved water law 
could begin to bring more conflicts in the places where the resource has begun to be valued 
such as in the high and low basins of the River Grande. 
 
Thus, for example, the Huachama project in the municipality of Totora contemplates the 
construction of approximately 17 km of channels for the diversion of the water to three 
different microbasins in the region. The combined effects of various similar projects in the 
region could bring problems, particularly related to contamination if the environmental 
factors are not taken into consideration.  
 
 
Table 9: Projects approved by PASA to be implemented within the study region 
 
Name of project  Characteristics of project  Total investment 

(US$) 
Estimated cost 
per hectare (US$)

Refurbishing of 
channels to 
improve 
irrigation in the 
Aguada Taboada 
community -  

Improvement of existing 
irrigation system by 
constructing rustic ditches 
and a 1500m main channel 
of   to transport 80lts/sec, 
that will feed 80 hectares 

 
 

173,770.6 

 
 

2,172 



 38 

Municipality of 
Mizque 
Irrigation 
Lamparillos - 
Municipality of 
Mizque 

Improve the irrigation 
system through the 
construction of a spillway, 
channels, sluices, that will 
feed 100 hectares 

 
31185.94 

 
311.85 

Irrigation Tucna 
Alta, Centro y 
Baja -   
Municipality of 
Mizque  

Improve the irrigation 
system through the 
construction of a  ditches, 
channels and sluices, that 
will feed 120 hectares 

 
163,381.10 

 
1,360 

Irrigation 
Lahuachama  -  
Municipality of 
Totora 

Construction of storage 
reservoirs for the two dams. 
The waters will be captured 
from a lateral intake and a 
refurbished channel 16.8 km 
in length. The system 
secondary channels to 
deliver water to the user is 
determined according to the 
location of 11 irrigation 
zones  

 
 
 

3,311,885.00 

 

Source: Food Security Assistance Program 
 
The simulations in the study mentioned above (MSDP, 2000) show that an increase of 50% 
in accelerating the stage, at the beginning of the tuberization until just before the 
maturation, the yield will increase between 30 and 60%, the rate of evapotranspiration 
increases with a rise in temperature, the results of the study show that at a certain moment 
(2040) the hydric deficit will become critical and the yields will start to fall.   
 
These results should be understood as a probable scenario that has to be adjusted and 
validated through field observations. The wheat producers in the study region have 
observed a strong delay in the start of the rainy season throughout the Pocona – Totora - 
Vacas valley region: this shows a tendency that has been slightly observed by the 
simulation models (as noted in point 5), which has meant that sowing has been put back 
from November to December (and sometimes January). This has direct repercussions on 
business as it cannot meet the deadlines for delivering wheat seed for the winter crops in 
the integrated region of Santa Cruz in May. As a consequence of this the farmers have seen 
the need to use seeds that mature earlier and are more resistant to the prevalence of drought 
(Gonzales, 2001).  
 
On the other hand the impacts of irrigation projects on farming practices are complex as 
decisions are taken at different levels regionally. The farmers tend to grow more profitable 
crops where there is irrigation substituting their rainfed crops and expanding into more 
fragile areas. These decisions are reflected to a certain degree in the producers associations 
which also tend to ensure business and the municipalities tend to manage land use 
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according to the law for the capacity of greater use; the result is a tendency to new 
combinations of crops, technology, and institutional and legal arrangements for the 
agriculture in a region that currently is difficult to perceive and predict.  
 
b) Seed conservation and improvement as a climate change adaptation measure  
 
The ways of conserving seeds, selecting varieties as well as aspects related to the 
conservation of seeds (selection and drying time) are traditional. The seeds are selected 
from the harvest although sometimes the farmers buy the seed at local markets.  
 
Seeds of improved varieties; early-maturing, more resistant to diseases and of a higher 
quality have been introduced over the last few years by NGOs present in different zones 
and the service of the Universidad Mayor de San Simón.  
 
This process of introducing seeds has placed more emphasis on potato and wheat crops 
(semihard varieties, short-cycle and smaller plants to avoid losses due to the effect of the 
wind), and vegetables, fruits and spices.  
 
Potato crops are widespread in the region, many of the potato crops show yields generally 
above the national average (see table 10). Successful experiences in these areas can be 
replicated in other regions of the country. 
 
The availability of genetic material for the development of species adapted to new climate 
conditions is critical. In the last few years the country has strongly promoted the 
conservation of genetic resources. Over 16 experimental stations have been set up for in 
situ and ex situ conservation in different geographical areas around the country.  
 
In relation to the impacts of climate change, biotechnology can support the generation of 
species more resistant to climatic variations, increase the yields of the crops by promoting 
better soil use and generating disease-free crops in vitro. In Bolivia biotechnological 
projects have been carried out aimed at: 
 

" Increasing the tolerance of potato, quinua, maize to abiotic stress (PROINPA, 
UMSA – Belen, CIPTA - Tarija)  

" Producing disease-free vitroplants of pineapple, banana and citrus fruits (Sapecho) 
" Producing hybrid seeds and vegetable clones, National Vegetable Center, 

Cochabamba 
 
Table 10: Main crop yields in some municipalities in the study region (t/ha) 
CROP National  Departme

ntal 
Mizque Aiquile Omereque Pasorapa 

Potato 4.4 - 4.9 5.2 1.6 – 11.4 5.2 6.00 5.0 
Maize 1.2 - 1.7 1.3 1.0 - 1.2 1.6 1.65 1.0 
Wheat 0.72 - 0.93 0.7 0.72 – 0.95 1.1 1 0.7 
Barley 0.55 – 0.83 0.8 0.7 – 0.75 1.3 1.5 0.75 
Onion 6.4 – 8.2 7.4 14 – 15 15.0 16.0 7.0 
Peas 1.2 – 1.5 2.0 1.0 - 1.5 1.7 2.5 2.0 
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Garlic 5.1 5.7  6.4  7.0 
Carrots 8.9 9.9  15.0  9.0 
Tomato 10.8 – 14.9 7.1 12 14.5   
Oca 2.9 – 3.7  2.6 – 5.0    
Beans 1.1 – 1.5  3.2 – 4.0  3.0  
Peanuts 0.96 – 1.26  0.6 – 0.65    
Papaliza 
(variation of 
potato) 

3.0 – 3.4  6.0    

Wheat 2.0 – 2.6  9.0 – 9.5    
Tarwi   0.4 – 1.5    
Kidney beans     1.0  
Sugar cane     31.0  

Source: Agrarian Regulatory Body, PAP Holland 
 
The improvement of a certain variety can take up to 12 years to obtain a stable variety 
through multiple selections; through cloning the process can be reduced by up to 4 years. 
This means that there is a continuous adaptation mechanism that, extrapolating it to a 
reality of climate change, would mean hypothetically in 50 years there would be at least 4 
adapted species. However, this only will happen taking into consideration that improved 
species require climatic conditions that are more or less stable and additional irrigation to 
satisfy the hydric demands of the crop. 
 
c) Financial and insurance systems 
 
This option has only been superficially evaluated during this diagnosis, however it can be 
concluded that the emergency funds and the insurance are considered as an alternative for 
the producers associations. The obstacles to their implementation should be looked for in 
the institutional framework of the agricultural business that does not allow the use of 
sophisticated financial instruments. 
 
6.1.3 Costs of and barriers to the implementation of adaptation measures 
 
All the climate change adaptation measures will have to find a space in the current local 
initiatives to improve agricultural production and the adaptation measures are additional to 
those being carried out now through irrigation systems, within the current mechanisms and 
networks to improve seeds and the administrative systems of the producers associations, 
cooperatives and private companies, the existing barriers to the implementation of effective 
climate change adaptation measures are diverse and complex and will have to be detected 
along with the actors implied in the process; however, some obstacles and gaps should be 
addressed in the framework of climate change policy as shown in the table below. 
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Table 11: Obstacles to the impacts of climate change  
Technological insufficiency Obstacles and gaps for 

implementation 
Problems relating to 

climate change 
The proportion of irrigated land is 
insufficient 

The hydric potential for irrigation is 
limited and even more so because of 
the use of precarious technologies 
(gravity irrigation).  
The need to expand the irrigated area 
for agricultural production has meant 
that there have been new institutional 
and legal arrangements (Water Law) 
The agricultural property is very small 
for the introduction of irrigation to be 
profitable, new institutional 
arrangements are required (between 
private companies and the state) 

Climate change can modify the 
patterns of precipitation affecting the 
distribution of rains necessary for crop 
development so the need for irrigation 
is evident 
 
Rainfed crops are highly vulnerable to 
climate change in the pilot region 

There is a need to reduce the 
vulnerability of rainfed crops (potato, 
maize, wheat, barley) 

There are successful experiences of 
introducing improved seed, however 
the extension passes through a 
technological leap with the active 
participation of the farmers 
 
Greater support for the farmers to 
diversify diversificar the production 
and adapt the productive (not just a 
crop) to extreme conditions 
 
The discussion about transgenic seeds 
has not yet come to a conclusion  
 
 

The increase in temperature as well as 
in CO2 in the atmosphere and the 
changes in the patterns in the 
precipitation will modify the 
phenology of the crops 
 
The rainfed crops are at great risk of 
being seriously affected 

The soil is subject to fatigue because of 
the crops, as well as extreme 
conditions of climatic variability 

Plans for soil use that regulate the use 
of fragile lands have not been 
successfully implemented  
 
The new irrigation infrastructure works 
introduce new elements to be debated 
about regional management  

The changes in the patterns of 
precipitation (heavy rains and 
prolonged droughts) will unforeseeable 
increase the pressure on the 
agricultural soils 

The phytosanitary management of the 
orchards is insufficient and inadequate 
 
And for animal management  

Lack of capital for the farmers to buy 
pesticides 
 
Alternative phytosanitary methods 
such as biological control (lack of 
sufficient research and extension) or 
basic animal sanitation have not been 
able to be successfully introduced 
 
Improved species that are better 
adapted to the incidence of plagues and 
diseases are being reviewed 

The incidence of plagues could be 
intensified and diversified 

 
 
Given that the climate change adaptation measures in the agro alimentary systems are 
merged with other measures related to making food production more efficient, the costs of 
these measures are incremental relating to the research and extension of the results as well 
as Interinstitutional coordination. Table 12 synthesizes the regional adaptation measures 
that should be forming part of the municipal and regional priorities. 
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Table 12: Environmental problems that tend to intensify the impacts of climate 
change on food security  

Environmental problem  Barriers to the 
implementation of 

adaptation measures 

Estimated tendencies in 
climate change  

Seasonal shortage of water in vast 
of the study area  

The adaptation measures would be 
related to measures to extend the 
irrigated area as shown in table 11  

Global warming will affect the 
provision of water in the region. 
Even though the studies carried out 
by the NCCP 2000 show a 
tendency for precipitation to 
increase in the region, there is not 
sufficient understanding of what 
the impacts could be on the 10-
yearly distribution of the rains 
necessary for the crops 
 
The region presents a diversity of 
microclimates and landscapes that 
will be affected by global 
warming.  

Strong hailstorms, winds and 
heavy rains 

There is technology to face these 
events but it is not within the reach 
of the farmers or the municipality 
 
The infrastructure necessary to 
face the landslides or floods should 
be developed within the national 
and municipal plans for mitigation 
of risks and disasters. The main 
obstacle here is that these 
infrastructure measures tend to be 
extremely expensive 
 

In the last two decades there has 
been evidence of an increase in the 
severity of extreme events because 
of imbalance due to global 
warming. There has also been an 
intensification in the event El Niño 

Deterioration of the soils and the 
vegetation can also affect the 
hydrological cycle  

The plans for soil use as well as 
other measures to conserve the 
native forests, protection of  
aquifers, reforestation and 
restoration of natural landscapes 
are subject to long lengthy 
discussion processes  
 
The implementation of alternative 
fertilization processes, greater 
diversification of agricultural 
production passes immense 
obstacles to production 
organization and human 
development 

Climate change can improve 
conditions for the development of 
woody and shrub growth in the 
region, but if the municipalities do 
not wish to improve the 
environmental conditions of the 
aquifers and regulate the use of 
resources (forests, soils, and 
waters), the deterioration could 
accelerate due to the incidence of 
increasing drought, heavy rains, 
strong winds and other severe 
events. 

 
The following table synthesizes the adaptation measures that are already being carried out 
but where there are still levels of vulnerability that should be reduced through a 
strengthening of the measures. In the case of seed improvement, the national undertakings 
tend to strengthen mechanisms aimed at generating more resistant and more productive 
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species, however, these species are not apt for regions where there are unfavorable 
conditions. Everything points at rationalizing agricultural practices, but this often 
undermines the subsistence economies that apart from having to overcome climatic 
inclemencies also have to compete in markets that are becoming less accessible.   
 
These vectors of change, induced by the need to increase the competitivity and efficiency 
of the agricultural undertakings, aim at the use of technology that is not within the reach of 
most farmers. Although the use of this technology could mean a reduction in the 
dependency of agriculture on climatic phenomena and finally reduce agricultural 
vulnerability, these changes are also a directional force that makes other groups of farmers 
more vulnerable. 
 
The obstacles to the implementation of adaptation measures in some cases are institutional 
but in others they are mental models and concepts of development that should be more 
deeply discussed. 
 
 
Table 13: Summary of the barriers to the implementation of the adaptation measures  
 

Adaptation measure Indicators of the success of 
the measure 

Barriers to implementation
And forces that point in the 

opposite direction 
Extension of irrigated areas and 
water economy  

Irrigation serves to satisfy the 
deficit of water in rainfed fields 

Agreement among the producers 
associations and the municipal 
governments 

Improvement of the species of the 
main crops 

Main crop species have been 
improved and the participation of 
farmers in the improvement of 
seeds ensured 

" Lack of organization of 
farmers in some areas 

" The improvement of seeds 
is aimed at of profitable 
species and regions (high 
yields, export), lack of a 
concept more linked to 
food security in national 
policies 

Contingency funds and insurance The emergency and contingency 
funds are enough to rehabilitate the 
industry 

" Institutional frameworks, 
co participation 

" Lack of solvency of the 
banks 

 
7. Conclusions and recommendations for the formulation of policies complementary 
to food security in climate change adaptation and agricultural production 
 
The most effective adaptation measures to respond to the impacts of climate change make 
technology jumps such as the improvement of irrigation systems, seeds, and an adequate 
management of the soil as well as phytosanitary management, along with changes in the 
institutional and legal frameworks to allow the use of other coordination and financial 
instruments that permit the reestablishment of the food system in crisis and emergency 
situations.  
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Speculating a little about the institutional framework that may arise within the UNFCCC 
around the articles 4.8 and 4.9, the implementation of technological transference and 
capacity formation measures, as well as the formation of the Special Climate Change Fund 
and the Adaptation Fund through the Kyoto Protocol, it is important to understand that the 
implementation of climate change adaptation measures is a series of synergies with the 
implementation of other environmental conventions fundamentally and synthetically with 
environmental management. (see table 14). 
 
The scarce funds existing within the universe of the environmental conventions should 
serve to be the catalyst for empowerment processes, within which are merged clear 
processes of investment, technology transfer, industrialization, generation of institutional 
capacities and human development.  
 
To mention one of the principles of the UNFCCC National Implementation Strategy in 
Bolivia, a qualitative leap in the generation of riches through innovative forms of energy 
transformation will have to be taken keeping the ecological footprint of the lower 
populations which does not mean an exaggerated overloading of the planet. In other words 
the rural and decentralized populations in Bolivia have the possibility to develop, generate 
riches for their wellbeing and the wellbeing and cultural heritage of future generations 
keeping their level of impact on the environment low.  
 
And so, returning to the topic mentioned at the beginning of this document, the process 
should be organized from bottom to top in a sustainable and participative way and using the 
underlying potentials in the capacities of the people at the local, regional and national 
levels. 
 
The adaptation measures go through technology leaps that need new institutional 
frameworks and agreements, innovative ways of solving the problems of investment and 
distribution of the profits from agriculture, and mitigate the social costs  of the impacts of 
variability and and climate change. 
 
Climate change as one of the vectors of environmental change will lead to new social 
organization structures. Nevertheless, to reduce vulnerability it is necessary to begin 
cooperation processes in the regions that can make the technology leap which will benefit 
the people and reduce rural poverty. 
 
And so it can be seen that there is a great need to work harder and in a more coordinated 
fashion to establish new institutional frameworks that enable the development of 
competitivity in the companies and rural communities and guarantee their wellbeing.  
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Table 14: Interrelations among different sustainable development conventions to 
mitigate climate change and generate capacities to respond to its levels of impact 

 Climate change Biodiversity Wetlands 
(Ramsar) 

Desertification 

Climate change  The conservation of 
areas with high levels 
of biodiversity such as 
protected areas and 
their buffer zones 
helps the mitigation of  
climate change 
 
The creation of 
national and regional 
biological corridors 
helps to generate 
technological 
conversion in 
agriculture and the 
forestry sector and 
therefore reduce 
greenhouse gas 
emissions. 
 
The conservation of 
genetic resources can 
become one of the 
main adaptation 
measures in the 
agricultural and 
human health sectors. 
 

The conservation of 
bodies of water and 
wetlands helps the 
mitigation of the 
greenhouse effect. 
 
The patterns of change 
in the use of the soil 
and consumption 
increase the impact of 
climate change on the 
bodies of water and 
wetlands 
 
Contamination 
reduction in bodies of 
water, help adaptation 
to climate change by 
reducing additional 
stress. 
 
 
 

Soil conservation can 
help to fix carbon in 
the vegetation and the 
soils.  
 
 

Biodiversity The reduction of 
greenhouse gases in 
the LULUCF sector 
can help to improve 
the quality of the 
ecosystems. 

   

Wetlands (Ramsar) The reduction of 
greenhouse gases in 
the bodies of water 
can help in their 
conservation. 
 
Climate change 
becomes one of the 
most important 
challenges for the 
management of hydric 
resources.  
 

   

Desertification Forestation and 
reforestation activities 
can help to reduce 
desertification and 
recover salinized and 
eroded soils.  

   

 
Source: National Climate Change Plan in Human Security 
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