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Ever since humans developed agriculture and settled 
in the territory about 8,000 to 10,000 years ago, they 
have had to cope with adverse weather conditions such 
as drought, heavy rains and extreme temperatures. 
They learned that the crop production was subjected 
to large uncertainties which contributed to their rising 
food insecurity lifestyle. In response, they learned how to 
store seeds and food, and began to create an incipient 
agricultural irrigation technology, seed selection and 
fertilization. With this, a basic principle of economics was 
also born, which produced better and more products 
with fewer resources consumed.

Little has changed after 8,000 years and modern 
agriculture is continuing to face the same problems; to a 
some extent that the planet has begun to show signs of 
stress. This paradigm has become more complex, adding 
an urgent need for eco-efficient production systems 
designed to generate the smallest environmental 
footprint.

In recent decades there has been a growing perception 
that agriculture, like other economic activities, has left 
important traces such as the reduction of biodiversity, 

soil erosion, water pollution, ecosystem fragmentation 
and, to a lesser extent than other human activities, 
has contributed to climate change. Projections suggest 
that, this century, our planet will lose 30% of its 
biodiversity. Desert regions could expand by 10 million 
Km2, cultivable lands per person may drop below 0.15 
ha, climate could become hostile for agriculture in 450 
of the 1500 million cultivable lands on Earth, and ice 
bodies may be reduced by 50% before the end of this 
century. Moreover, humankind will need to continue 
producing foods and agriculture will continue to be one 
of the most powerful tools to fight poverty and social 
exclusion. The paradox is that the human footprint on 
the planet is threatening to marginalize millions of small 
farmers in the world, which could be rigorously affected 
by a widespread climate change.

To prevent climate change from becoming a social 
disaster, there is a need to revise the paradigms of food 
production in order to harmonize it with a biosphere that 
is showing signs of exhaustion. This could complicate 
the food security of the 9000-11,000 millions of earth’s 
inhabitants that will populate the planet during this 
century. This reflection is a small step in that direction.
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• What the change represents for agriculture

Climate change is not just a simple projection of 
atmospheric science; it is a phenomenon that we have 
been living with for almost a century. Changes in climate 
behavior have been more evident in some regions of the 
planet than in others, depending on the macroclimatic 
mechanisms operating in each. Temperatures have 
risen by almost one degree in the last century, but in 
very specifi c areas. Temperatures have also fallen as a 
paradoxical result consisting in a reinforcement of the 
fl ow of polar air masses into middle latitudes or the 
increasing fl ow of air masses entering from the ocean 
to the continent (occidental coasts). Rainfall has tended 
to decline in areas where the climate is infl uenced by 
cyclones (desert boundaries) and to increase in cyclonic 
regions (intertropical areas). Rainfall has tended to 
increase in intensity throughout much of the planet, 
creating risk for the population and ecosystems (Valdes 
et al., 2010, Cote et al., 2010, Santibañez et al, 2014).

Wind frequency and speed, extreme temperatures, 
hail, heat and cold waves, and polar frosts have also 
shown signs of changing towards a more unstable and 
threatening regime. All these changes are in line with 
what is expected by climate science, following the 
logic of a perfectly unstable thermodynamic system. 
In general there is enough scientifi c consensus that 
the atmosphere could change abruptly if the warming 
trend takes the average global temperature from the 
current 15 ° C to over 18 ° C. Above that limit, the 
earth’s atmosphere could tend to fi nd a new balance 
between the kinetic energy of winds, ocean currents, 
pressure gradients, air density, and vapor content. This 
could completely change the current climate zones of 
the planet, forcing humanity to face major problems of 
unknown proportions. This justifi es the concern of the 
COP 21 to reach an agreement that will prevent global 
warming beyond 2°C (IICA, 2015).

Agriculture is extremely vulnerable against climate 
change considering that it is based on only about 30 
species, which provide 90% of human food. (FAO, 
1997). With domestication, many of the species that 
feed us have almost completely lost their ability to 
survive without the help of man. They were subjected to 
a selection that made them lose their hardiness in favor 
of productivity. This change has made it humankind’s 
duty to help them survive, which puts us in a situation 
of extreme vulnerability to face a changing global 
climate scenario. Agriculture occupies territories where 
the physical environment enables crop species to meet 
their bioclimatic requirements. A rise of 2°C could 

signifi cantly decrease the current climatic suitability for 
wheat, maize, potato and rice cultivation; forcing a 
dramatic drop of crop yields (Santibañez et al., 2014). 
This will cause a lot of agricultural activities in the world 
to migrate, seeking to maintain productivity. Today it is 
diffi cult to predict whether a change of geographical 
area will not encounter other problems, making this 
change an uncertain solution. This also causes social 
imbalances, because small farmers do not have the 
geographical mobility they require (FAO, 2007). This 
raises the need to work on adaptation strategies that 
enable small farmers to cope with climate change while 
maintaining their economic viability. The new climatic 
times will require: new technologies, new genotypes, 
improved management systems of natural resources, 
more effi cient management of inputs and crop protection 
practices, superior processing and storage systems, and 
better systems of risk assessment and management. This 
will ensure sustainability and competitiveness of food 
production under different climate scenarios.

Figure 1: Average change in wheat, maize and rice yields. The yellow-brown 
colors are areas where yields would decrease and green would improve 
with respect to the current situation. This projection assumes no adaptation 
measures. (Source: Atlas of Climate Change in the Americas, unpublished 
work of the author).
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• What is at risk in agriculture for the Americas due to climate change?

The main expected climatic changes are different 
depending on latitude. The arid and semiarid subtropical 
climates (deserts and steppes) like those of Sonora, 
Chihuahua, Arizona, and the Atacama desert in South 
America are likely to move toward the poles, making the 
important agricultural areas in California and central Chile 
more arid. In these areas, water availability will become 
the main limitation for agriculture. The intertropical zone 
could register a deterioration in weather conditions due 
to the intensification of a convective rainfall regime, 
creating risks of soil erosion, landslides, and hydrological 
acceleration. Likely to the point that climate could 
become more arid in much of Mesoamerica.

In parts of the Andes of Ecuador and Colombia, rainfall 
could increase due to greater transport of moisture from 
the Pacific to the continent. However, in most parts of 
Brazil, and the south of Argentina and Chile, rainfall 
seemingly will decline during this century. Some rainfall 
increase is likely to occur in southern Brazil, Uruguay 
and northeastern Argentina. Rainfall will decline in the 
most part of Mexico and the western United States, to 
increase in eastern and much of Canada. The paradox 
is that in many of the regions where precipitation 
might increase, does not mean an increase in the water 
availability. This is because heavier rains are less effective 
and increase evaporation due to the rise in temperature. 
Finally, these changes contribute more negatively than 
positively to agriculture. Without adaptation measures, 
the combination of reduced water availability and a 
more stressful temperature could lead to a yield drop 
of up to 50% in the warmer parts of the continent. 
Changing planting dates to the fall could mitigate this 
problem but never avoid it. The northern and southern 
limits of the growing areas could shift several hundred 
kilometers towards the poles, which could induce strong 
changes in land use in middle and high latitudes.

The more continental cultivated lands would be 
most affected because of the increased frequency 
of heat waves and extreme temperatures that can be 
very harmful to yields. The increase in the number of 
hours with temperatures above 32°C leads to a sharp 
reduction in the number of hours a day that plants 
can take advantage of the light, which requires hours 
with temperatures below this threshold during the light 
period. South and north of the parallel ±40° agricultural 
potential may have significant improvements, especially 
for corn, wheat and potatoes. In Central America and 
the Caribbean, almost all crops yields would drop due to 
heat stress (meanly daytime) and shortened life cycles. 

In many cases, growing areas would advance on lands 
that do not have productive infrastructure (irrigation, 
communications, roads, processing centers), which 
involve a strong development and investment effort. 
The arrival of intensive agriculture to areas that may be 
currently occupied by native vegetation can accelerate 
degradation of coastal, southern, boreal, and highland 
ecosystems. Climate change scenarios show that the 
western coastal zones (Pacific) could register a more 
moderate rise in temperature due to the cooling effect 
of the air masses coming from the Pacific Ocean. These 
coastal areas could host a large part of agriculture 
displaced from the more continental areas. The highlands 
along the Andes could play an equal role in the future.

The flat continental lowlands could be subjected to 
extreme flood events, hail, heat waves and intense 
cold and drought. Even if rainfall does not decrease, 
evapotranspiration could increase significantly in 
continental areas, increasing crop water requirements. 
This suggests that new cultivation methods will require 
the use of sheltered crops, avoiding the negative effect 
of wind, extreme heat, frosts, hail and insects. 
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• What does agriculture need in order to address climate change?

Current agricultural systems are characterized by high 
inputs, energy and the use of genetically homogenous 
plants. Production systems are designed to produce as 
quickly and as much as possible, under management 
systems in which all factors of production are controlled. 
This should not change radically under a new climate 
scenario. However, part of the subsidiary energy added 
by humans should go to protection and prevention of 
the negative effects of climate extremes. This would 
be in order to mitigate the increased aggressiveness 
of physical and biological agents that will threaten 
production, so as to provide a similar microclimate to 
current conditions. It is likely that any future agroforestry 
project will need more rigor in considering the nature 
and intensity of agroclimatic risks, before deciding the 
viability of a particular land use or production system to 
be adopted in each case.

Today, when designing an agricultural project, the 
agroclimatic risks are incorporated intuitively but are 
not part of the rigorous calculations of the financial 
flow of the project. There are numerous examples in 
which agricultural projects have failed for lack of a 
detailed analysis of the risks associated with land use 
strategy, making projects economically unfeasible. 

This however, doesn’t become evident until several 
years after the decision. Similarly, protection systems 
against climate extremes are just emerging in modern 
agriculture (irrigation systems to reduce stress, higher 
synthetic protections, anti-insect mesh, windbreaks, 
chemical screens, and invigorating products to 
recuperate periods of stress). In each system the what, 
when and how to be used has not been systematically 
addressed. This is an issue that is up to the initiative 
of each project manager. To cope with these decisions 
also requires a wealth of information in real and 
deferred time. This now is just emerging as a necessity. 
However, there are no broadcast channels, no systems 
to translate instrumental data into information with 
added value, and no platforms that incorporate real-
time and deferred risks to the decision systems as 
needed for farmers. Finally, a key piece is the necessity 
of capacity building at the level of farmers, managers 
and technical advisors. This essential approach enables 
the interpretation of both climate information and 
associated risks, translating it into decisions that reduce 
exposure of production systems. Equal levels of training 
are required to design less vulnerable and more resilient 
systems to a more unstable and threatening climate 
(Government of Chile, 2013).

Figure 2: An adaptation plan components. An adaptation plan should contain a balance between the three dimensions. It should reduce exposure, reduce 
vulnerability and mitigate impact.

An adaptation plan components

Reduce Vulnerability

Reduce exposure

Mitigate impacts
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• How to overcome the gaps towards adaptation

A sound adaptation plan should balance three 
components: reducing the exposure of agriculture 
against risks, mitigating the impacts of these risks, and 
improving the resilience of farming systems (Ministry 
of Environment, Ministry of Agriculture (CHILE), 2011). 
The first task involves a pattern of land use according to 
the effective risks of the local agro-climatic conditions, 
introducing the concept of passive risk prevention. 
The second component represents those technological 
interventions to address the risks, minimizing their 
negative action on returns. This involves promoting 
concrete actions for farmers to access new technologies 
that will mitigate the negative impact of a new climatic 
context. The third component refers to the capacity 
building at the level of decision and policy makers to 
design strategies that give sustainability to agriculture 
under the pressure of a new climate behavior. None 
of these three concepts can be neglected if there 
is a desired move towards a sustainable adaptation 
of agriculture (Ministry of Environment and Natural 
Resources (Mexico), 2013). An effective strategy must 
contain elements of territorial reorganization of land 
use, technological changes of the cropping system, and 
the installation of permanent human capacity to make 
the adaptation a dynamic and flexible process.

Reducing exposure towards risk requires an in depth 
knowledge of the levels of risk that local agriculture is 
subject to. Knowing these risks, one can guide the land 
use so as to ensure minimal exposure of crops to these. 
The basic principle is that each crop must be cultivated 
in the right place. In many cases risk minimization is 
achieved by finding the optimal planting date, in order 
to grow in the climatic windows allowing the least 
meteorological risk. When farmers have crop protection 
systems (frost, rain, hail, or wind), early warning systems 
are essential to alert them on extreme events, enabling 
the reaction time needed to manage protection systems.

When an extreme weather event materializes, it will 
be necessary to mitigate negative impacts by passive 
means. This includes redesigning production systems, 
diversifying land use, and using species and varieties 
that are resistant to climate threats. Furthermore, active 
practices such as protection systems based roofing 
systems, evaporative cooling, ventilation, chemical 
screens, insect and diseases control systems will be 
needed.

Cropping systems should consider greater biodiversity in 
the future. Monoculture does not seem to be the best 
strategy for small and medium-scale agriculture because 
it leads to high levels of instability, becoming incompatible 

with the objectives of small farmers. Farmers are better 
prepared to cope with climatic variability by adopting 
diversified cropping systems than just monoculture. 
Additionally, the combination of high woody and annual 
species can be more resilient to climatic extremes, 
considering the microclimate created by trees at the soil 
surface. Species diversity may also contribute to a better 
control of biological threats, improving the balance 
of predators or natural enemies of pests. In livestock 
systems, multilayered grazing systems are particularly 
useful to optimize the stocking rates and to stabilize 
inter-annual forage production (FAO, 2007).

Systems to reduce bioclimatic stress will take particular 
importance during this century. There are numerous 
technologies that protect cultivated plants from climate 
extremes and reduce stress levels caused by these. The 
technologies that reduce sun exposure range from 
synthetic roofs, frost control systems, protective cooling 
netting to chemicals. A major challenge is to create cost 
effective protection systems to make these technologies 
supported and compatible with smallholder agriculture.

Genetic resources that are resistant and resilient to 
climate extremes play a key role in adapting agriculture 
to more extreme weather. In Virtually all areas of the 
region, there are commercial varieties and breeds of 
cultivated species that have stopped growing. These 
represent an interesting genetic potential which can be 
improved or serve as a source of genes for hardiness to 
improve commercial varieties. An important role could 
be played by a comprehensive register of local genetic 
resources (land races) per species. This could serve to 
encourage a program of exchange of genetic material 
between regions so as to test the behavior environment 
x genome in a large number of combinations. This could 
also serve to identify genes having potential to adapt 
cultivated species to more extreme weather.

Reducing vulnerability of agriculture to address climate 
extremes implies profound changes in the agroforestry 
system. This is achieved by incorporating technology and 
having better decisions systems harmonizing agriculture 
activities with the nature and intensity of upcoming 
threats, and also with the natural environment in which 
the activity takes place. These changes involve capacity 
building at different levels, from farmers to policy makers.

Efficient water management cannot be absent from 
any climate change adaptation program, considering 
that most of the agricultural regions of the continent 
will be affected by reduced availability of this resource. 
Agriculture is the largest consumer of water; however this 
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is very often, administrated with low rates of efficiency. 
Small farmers usually have limited access to water 
resources, exacerbating the problem. It is necessary to 
design cost effective irrigation and water conservation 
systems to maximize efficiency, applicable to small farms. 
Many of these systems should be designed considering 
the available resources and capacities of local farmers. 
Some examples of these technologies are rainwater 
harvesting, infiltration systems, subsurface irrigation 
systems, and water recycling. It is important to make 
a compilation of traditional techniques, which were 
abundant in the pre-colonial period in America.

The efficient management of energy and inputs will 
be essential in maintaining the competitiveness of 
agriculture. The self-generation of energy (biogas, 
biomass, wind, solar), recycling of nutrients and organic 
matter (compost, digestate, biofertilizers), and changing 
the use of chemicals by agro-ecological practices 
(biodiversity, natural predators, low impact inputs, 
ecological soil management) can greatly help maintain 
the sustainability and competitiveness of small farms; 
making more efficient input/output ratio on a small 
scale.

The integration of agriculture to landscape (or territory) 
is the paradigm of the century. Agriculture is a consumer 
and producer of ecosystem services so it is necessary to 
design strategies that enhance the interactions between 
agriculture and the biophysical system supporting food 
production (biodiversity, water infiltration, food chains 
of beneficial organisms, aesthetic goods, conservation 
of threatened species and ecological niches). We must 
move forward in identifying protocols, evaluation and 
integration of ecosystem services between agricultural 
systems and the environment (De Fries and Rosenzweig, 
2010). The concept of collective protection of natural 
heritage into territorial units has been underdeveloped. 
Smallholder agriculture can be the supplier and recipient 
of these services, including agrotouristic services that 
could result from these actions.

Giving sustainability to production systems is more 
than just a good agricultural practice; a good system 
of risk-based decisions, timely information, and low 
environmental impact management protocols (reducing 
carbon, water and ecological footprints) is required. 
Additional components of a sustainable production 
system are a rational management of economic 
resources, marketing systems for inputs and outputs with 
a capacity to react to the unexpected, and an integration 
of added value chains that stabilize marketing channels. 
So far research institutions have parceled knowledge and 
have transferred such without a necessary integration. 
The aim is to develop a systemic vision of the structure 

and dynamics of production units (farms) that allows 
assistance to farmers in managing a set of success 
factors, considering that a changing climate will require 
periodic adjustments of the system.

All this requires more trained actors to promote the 
transformations; we need farmers that are best prepared 
to accept changes, technical advisors that understand 
emerging problems, and public administrators and policy 
makers with a clear vision of the future. More clarity is 
needed on the nature of threats, vulnerability of systems, 
standards and treatment of agro-climatic risks, the role 
of technology, changes in land use, and prioritization 
of threats and solutions. These require models that 
allow effective multidisciplinary exercises in finding 
the optimum for each case. Agricultural research must 
move beyond the old concept of “technical optimal”. 
The future of small farmers will need to work with the 
concept of “optimal strategy,” which means those 
solutions that guarantee farmers stability, sustainability 
and compatibility with their production resources.

The State must take an active part in the design and 
promotion of instruments of development, and the 
financing of participation strategies, ethics and practices 
of environmental intelligence. It could be especially useful 
to provide the installation of prospective capacities, on 
the basis of multidisciplinary teams in charge of shaping 
the present in order to project the future. By looking 
towards the future we can judge whether we are doing 
well in the present. This would allow the state to prevent 
crises, anticipate problems and make public policies with 
an adequate vision of the problems that are to come.

States need to adequate governance, in order to make 
them more efficient in promoting adaptation. To do 
so requires structural and functional harmonization of 
the institutions responsible for carrying out adaptation 
policies.

An essential issue for adapting agriculture to new climate 
scenarios will be the capacity to model and assess 
agricultural vulnerability at different scales, from global 
territory to agricultural farms. This needs a capacity 
to integrate social, cultural, economic, technological, 
biological and environmental perspectives (Barrow, 
2006). Modeling of agricultural vulnerability allows the 
finding of bottlenecks in successful adaptation strategies 
(which are essential to guide actions towards the barriers) 
that could limit the speed of the required changes. 
Vulnerability and adaptability are opposing concepts; no 
country can implement successful adaptation strategies 
without having a complete and comprehensive sight of 
the origin and intensity of the vulnerability characterizing 
different agricultural systems (Ahumada, 2015).
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Avocados seriously affected by drought in Petorca Valley. Chile.
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HIGH RESOLUTION
CLIMATE SCENARIOS 
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Local weather will undergo important changes as 
a result of global warming. The spatial distribution 
of these changes will strongly be determined by the 
combination of local factors that model meso-climate: 
marine effect, terrain, altitude, cold marine upwelling, 
etc. In order to have a spatialized vision of future climate 
scenarios, under the framework of the VACEA project, 
a system has been developed to allow the integration 
of information from global and regional climate models, 
ground climatological information, satellite thermal 
images and the elevation model.

Global Circulation Models (GCM’s) were used to project 
changes in atmospheric variables under climate change 
scenarios defined by the Intergovernmental Panel on 

Climate Change (IPCC). They have low spatial resolution, 
from 150 to 300 km approximately, so they cannot be 
used directly at the scale of local hydrographic basins in 
order to assess the impacts of climate change. For this, 
regional downscaling models that provide higher spatial 
resolution are required, typically from 10 to 50 km. For 
detailed studies, even greater resolution is required, 
particularly for models related to hydrological, agricultural 
and ecological systems. The models used in these 
applications generally require resolutions in the order of 
1 km2 in order to represent the diversity and complexity 
of the territory. This is especially important in areas with 
strong vertical gradients of elevation. This chapter presents 
a methodology based on the above concepts, for the 
generation of high spatial resolution climate scenarios.  

Figure 3: Methodology of the construction of high resolution scenarios.
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Figure 4: Location of weather stations for precipitation (a) and mean 
temperature (b).

• Large scale generation of high 
resolution scenarios  

Under the framework of the VACEA project it was 
necessary to have a uniform basis of climatological 
information that allowed a perspective on a continental 
level of the effects of climate change. This in turn 
made possible the modeling comparison of impacts on 
agricultures, water resources, and ecosystems, among 
others. On the other hand it was necessary to have 
spatialized information that could be handled through 
Geographic Information Software (GIS). Due to the large 
amount of computational processes and requirements 
of these in terms of resources, the large scale scenarios 
that include the whole American continent, used a 
climate georeferenced database with a resolution of 
approximately 10km x 10 km (30”).

• Temperature and rainfall

Temperature and rainfall variables were extracted from 
the climate database available through the WorldClim 
webpage (www.worldclim.org). Figure 4 shows the 
density of the weather stations networks used in this 
study.

Corrales dam almost empty in Choapa Valley. Chile.
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Figure 5: Maximum monthly temperature.
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Figure 6: Minimum monthly temperature.
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Figure 7: Monthly mean precipitation.

RAINFALLRAINFALL
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• Generation of baseline climate 
scenarios from local climate information

As it was possible to prove when analyzing the 
downloaded data, high resolution large-scale data 
perfectly meets its objective. But when approaching more 
detailed scales, which were needed in the pilot areas of the 
VACEA project, we could see that certain microclimatic 
surface details were not well represented through 
the WorldClim data. It is important to remember that 
high resolution scenarios are obtained from automatic 
interpolations, which in cases of small scales are not able 
to represent smaller scale orographic effects. Due to the 
above, a methodology was proposed to generate small 
scale scenarios. It was based on fi eld data, corrections 
through satellite images, and multiple regression models 
to complete the information as accurately as possible, 
according to the required objectives. In our case the 
objective was modeling at a small scale the effects of the 
expected changes in climate on agricultural productivity. 

• Obtaining vertical temperature 
gradients through the use of satellite 
images

Thermal images allow us to know the surface 
temperatures throughout the territory since they 
represent spatial variations within it. Through these 
images you can acquire details that the algorithms 

of spatial interpolation are not able to represent. For 
instance, thermic islands of concentrated cold air, the 
Foehm effect or rainfall shadow (climate contrast 
between east and west hillsides), the tempering effect of 
the bodies of water on the edges, and the boundary layer 
of the ocean on the coast, among other singularities. 

In the VACEA pilot area in Chile there are about 100 
weather stations subject to consideration based on 
reliability and data acquisition period. However, in some 
areas (such as mountain areas) there are low densities 
of stations. In these areas it is required to increase the 
density of climate data in order to build high spatial 
resolution cartography. There are some thermodynamic 
principles that allow temperatures to be modeled in 
highlands. The air temperature usually decreases 0.6°C 
per 100 meters of elevation. This value can be considered 
the normal thermal gradient in the lower layers of the 
troposphere. Nonetheless, this value may vary locally 
depending on the “climate drivers” present in each area, 
such as marine upwelling, water bodies, topography, 
latitude and other geographic peculiarities. An anomaly 
that modifi es the value of the thermal gradient occurs 
during periods when temperature is inversed, as the 
air temperature instead of descending, increases with 
altitude. This situation is common after several days of 
stable weather, where the air tends to stratify according 
to density, leaving the colder air in the fi rst layer near the 
surface, while the warmer air remains in higher strata. 
This phenomenon is typical during winter mornings in 
the central region of Chile in poorly ventilated valleys.  

Figure 8: Variations in temperature at microscale during a frost (central valley of Chile). Each color represents a different temperature. The blue colors indicate 
lower temperatures and green to red, the highest temperatures. 
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• Densifi cation of information from 
weather stations  

In order to set the interpolation algorithms from the 
available weather stations, they were densifi ed by the 
generation of virtual stations (Figure 9). These stations were 
generated from information coming from thermal satellite 
imaging (NOAA-AVHRR) and a digital elevation model. 
We developed a procedure to refi ne the spatial resolution 
of the NOAA images, by using an algorithm which adds 
in new pixels by interpolating the raw information of the 
original image. Combining these two elements we can 
determine in each zone the different vertical gradients of 
maximum and minimum temperatures. This allowed the 
partial completion of information gaps in certain areas of 
the territory, particularly highland areas.  

• Obtaining high resolution climate 
cartography

The temperature and precipitation regime was modeled 
with a resolution of 90 m for the period from 1980 to 
2010. This was done through multiple regressions that 
consider elevation, altitude and distance to the sea in 
each station as explanatory variables.

In order to obtain a good fi t in the generation of 
regressions, the study area was divided into 3 zones. In 
some cases it was necessary to further divide the territory 
into two longitudinal sub-zones: those with more marine 
infl uence and those with continental interior sectors. 
Regressions were quadratic and in some cases cubic.  

• Future climate scenarios generation 
methodology

In order to generate future climate scenarios an assembly 
was used (weighted average) with 19 models of general 
circulation of the atmosphere (CGM); which has been 
included in the Fifth Assessment Report (AR5, 2013) 
from the IPCC (Table 1). These models were originally 
generated considering the trajectory of concentration 
greenhouse gases RCP 8.5 (Representative Concentration 
Pathway) by 2050. This means that by then the Earth’s 
atmosphere will absorb and convert heat into 8.5 watts/
m2 on average, which in the past escaped to the exterior. 
Such scenario corresponds to the highest rank of forced 
radiated increase among the existing 4 (RCP 2.6, 4.5, 6.0 
and 8.5) and has proven to be the most likely occurrence 
in consideration of the current trends of greenhouse 
gases emissions on the planet.  

Table 1: CGM Scenarios considered for this study.

CGM Scenarios

ACCESS1-0 GFDL-ESM2G IPSL-CM5A-LR

BCC-CSM1-1 GISS-E2-R MIROC-ESM-CHEM

CCSM4 HadGEM2-AO MIROC-ESM

CESM1-CAM5-1-FV2 HadGEM2-CC MIROC5

CNRM-CM5 HadGEM2-ES MPI-ESM-LR

GFDL-CM3 INMCM4 MRI-CGCM3

NorESM1-M

Choapa Valley. Chile.
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• Future scenarios creation by combining model downscaling and current climatic 
topography  

Once the assembly was made, differentials in temperature and precipitation were applied to the climate cartography 
baseline generated at a 90 m spatial resolution. In order to correct the value of all the points of the fi ner grid (micro-
scaling) considering the 8.5 RCP variations, the following relation was used: 

Where:

Vf is the fi nal value in the grid point of higher resolution,

V0 is the value in the baseline at each point in the higher resolution grid,

VHf is the fi nal value of the variable in the RCP 8.5 point for the respective quadrant, and

VH0 is the baseline value determined by the RCP 8.5 for each variable at each point (Figure 6).

Thus obtained was a detailed climate cartography of 90m for baseline scenarios (1989-2010) and future scenarios 
for 2030 and 2050.

Figure 9: Green Net: climatic cartography at 90 m. Red Net: Data from GCM ensemble used to generate the changes in climatic data for future scenarios.
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• Modeling crop production and phenology

A crop simulation model (SIMPROC) based on the 
complex climate-plant interactions was developed and 
validated for several annual cultivated species (wheat, 
maize, barley, potato, tomato, sugar beet, oat, bean and 
rice), perennial fruit species (apple, peaches, table grape, 
wine grape, cherry, walnut, coffee, orange) and pastures. 
Input data required by the SIMPROC model has high 
plasticity, working with different time steps (daily, weekly 
and monthly) depending on the required time resolution 
of the results. Another advantage of the model is its 
iterative concept, running all through the year, providing 
information on crop productivity and water consumption 
for different sowing dates. Additionally, this model 
was designed for a large number of simulations with 
relatively little input data, making simulations possible 
over vast regions. This model was conceived to be an 
efficient and simple tool to estimate the effects of new 
climatic scenarios on crop seasonality, productivity and 
water requirements. The following paragraphs describe 
the model structure, algorithms, inputs and outputs. 
The model includes an original capability, normally not 

included in published crop models, to model the effect 
of some extreme climatic events. For example, frost or 
eventual high temperatures as a limiting factor of crop 
seasonality and productivity. The model was validated 
using a set of experimental data, demonstrating a good 
degree of realism. SIMPROC simulations covering the 
whole continent, suggest, that in the RCP8.5 scenario, 
important changes could be expected in crop production, 
seasonality and water requirements. The most sensitive 
areas are the temperate arid subtropical climates as well 
as in cold temperate climates. The results suggest that 
shifting planting dates could play an important role in 
adapting crops to a warmer climate in order to avoid heat 
stress during fructification. Despite changes in sowing 
dates in inland warmer climates, yields of some species 
could fall by 5 to 15% as consequence of increased levels 
of heat stress and the shortened growing season. The 
boundaries of suitable zones for the most part of species 
could move poleward to about 300 km, incorporating 
temperate areas that presently have limited potential for 
agricultural production.  
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• SIMPROC model structure

Starting at emergence, daily dry matter accumulation is 
simulated at every stage of crop development according 
to absorbed photosynthetic active solar radiation PARα, 
which depends on the incoming solar radiation IPAR, 
exposed leaf area LAI, leaf albedo α and radiation 
transmitted to the ground according to the Lambert-
Beer relation (Houghton, 1986).

PARα = (1-∝) * IPAR * (1-eK*LAI)  
                                                                                                
The biochemical assimilated light A, is regulated by 
absorbed PARα (W/m2) and the photosynthetic efficiency 
εf, which varies according to the incident light intensity 
IPAR. The SIMPROC model uses an empirical formula 
which relates light intensity and photosynthetic efficiency 
derived from several published photosynthetic curves 
(Choudhury, 2001; Sowinski et al., 2007). The effect of 
CO2 concentration C (µg/g) in the air on photosynthetic 
efficiency ∂c was estimated from experimental data 
presented by Heichel and Musgrave (1969) and Wang et 
al. (2012) and represent a dimensionless factor. 

A = εf * PARα

εf = β * IPARλ * ∂c

∂c = δ * LN(C) - σ

Where:

β = 0.5, λ = -0.48, δ = 0.8876 σ = 4.1104.

Gross photosynthesis GPHOT (g/m2h) result from the 
product among A and two physical constants: 

GPHOT = A * φ * ω

Where:

φ = 0.86 is a conversion factor from Watts to Kcal/
m2h and

ω = 0.2674, the energy required in the formation of 
glucose (Newman, 2008).

  
Potential dry matter production PDMP correspond to 
the balance of gross photosynthesis, total maintenance 
respiration Rm and the biochemical metabolic growth 
efficiency GE, which vary with species between 0.5 and 
0.75 (Penning de Vries 1975, Lambers 1979).

Maintenance respiration Rm is proportional to total plant 
living biomass W and temperature T (Ryan, 1990; Xu et 
al, 2006).

PDMP = (GPHOT - Rm) * GE

Rm = W * (Kmo * exp(Kr * T))

Kmo is the dark respiration at a reference temperature, 
which depends on each plant organ. Kmo represents the 
daily carbohydrate consumption per biomass unit with 
a mean value of 0.015 kg CH2O/day per kg of biomass 
at 20°C (Van Keulen and Wolf, 1986). Variations of Rm 
have a Q10 about 2, doubling its value when temperature 
varies in 10°C (Owen and Tjoelker; 2003 Wythers, 2013).

Temperature also regulates dry matter production 
according to the equation proposed by Yan and Hunt 
(1999) with the following thermal parameters: minimum 
temperature, Tmin (no growth); optimum temperature, 
Topt (maximum growth rate); and maximum temperature, 
Tmax (nil growth). The equation relating all cardinal 
temperatures is:

Tc represents thermal regulation control of dry matter 
production rate, between Tmin and Tmax. Out of this 
thermal interval Tc is zero.

Additionally, the effect of water shortage is modeled 
by means of a water production function based on the 
FAO approach that relates production reduction with 
evapotranspiration deficit (Doorenbos and Kassam, 
1979):

Wc = 1 - Ky * (1 - Etr/ETmax)

Ky represents the crop yield factor, Etr is the actual 
evapotranspiration and ETmax is the maximum crop 
evapotranspiration. Wc represents the water control of 
dry matter production rate.

Actual evapotranspiration is calculated considering 
soil water balance and reference evapotranspiration is 
calculated with the Penman-Monteith equation (Allen et 
al., 1998).
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Considering the combined effect of temperature and 
water shortage on dry matter production, the real rate 
of dry matter production is RDMP:

RDMP = PDMP * Tc * Wc

Relative phenological age RPA varies from 0, at crop 
emergence and 1 at harvest maturity. RPA at time “t” is 
calculated as a fraction of degree-day accumulation from 
time zero to the moment “t,” ddt having as reference 
total required degree days at harvest DDo:

RPAt = ddt/DDo

The change of phenophase occurs when RPA reaches 
specific thresholds (between 0 and 1) defined for 
each phenophase. Phenological phase modulates the 
partition of carbohydrates into different organs, in such 
a way as to cause a harmonic ontogenic progression. 
At any moment of the phenological cycle the sum of all 
partition coefficients (μ1:leaves; μ2:stems;μ3:roots and 
μ4:fuits) is equal to one:

μleaves + μroots  + μstems  + μfruits  = 1

Phenology also modulates crop sensitivities to growing 
temperatures, frosts, and water deficits. Crop sensitivity 
may differ from one phase to another. The model contains 
algorithms to simulate frost injury and the effect of water 
shortage on production. The model simulates the loss 
of leaf area index due to frost occurrence. Frost effects, 
water stress sensitivity, and temperature thresholds are 
simulated by a phenological submodel that gives each 
phase a different sensitivity. Frost damage depends 
on frost intensity and the occurrence time during the 
phenological cycle (Santibáñez, 1994). The sensitivity 
of crop to frost intensity is represented by St which is 
a reduction factor affecting leaf area index. The effect 
of frost on leaf area index is then St elevated to frost 
probability P, within the simulation interval i and for a 
specific negative temperature interval T. The effect of 
a specific frost event, characterized by a given intensity 
T, occurring in the phenological phase “j” and a time 
interval “i,” is represented by the dimensionless (between 
0 and 1), Frost Injury Factor FIF, which is expressed as:

FIF (i,j,T) = S(i,j,T) P(i,T)

This algorithm is calculated for a number of negative 
temperature intervals until the probability becomes zero 
during the growing cycle. The total Frost Injury Factor 
TFIF for a given simulation interval is calculated as a 
multiple product:

Leaf area index is calculated as a balance among leaf 
area increase, leaf senescence and leaf frost injury. Leaf 
area growing rate gLAI is a consequence of leaf biomass 
growth, μleaves * RDMP, and the leaf specific weight Lsw 
(g/m2):

gLAI = μleaves * RDMP / Lsw

Leaf senescence is a genetically programed process of cell 
death which is triggered by leaf age and environmental 
factors (Thomas and Stoddart, 1980; Santibáñez et al., 
2014). Under non limiting climatic conditions, to the 
extent that the cycle progresses, senescence is triggered, 
following an exponential function toward the end of the 
cycle (Duru and Ducrocq, 2000). Normally, senescence 
SEN, is almost null before blooming, but accelerates 
exponentially by the end of the cycle, bringing about a 
dramatic reduction of leaf area at the end of the season. 
An empiric function was derived on the basis of field 
experiments conducted by the authors (R2 = 0.91 and 
RMSE=0.051): 

SENrate = β1 * exp(β2 * DDB)

Where:

SENrate = rate of senescence, between 0 and 1 
(dimensionless)

DDB = degree days after full bloom, β1 = 0.007 and 
β2 = 0.0082. 

The leaf area index balance is defined by the previous 
LAI(t-1), leaf senescence SEN, leaf total frost injury factor 
TFIF and the growth of new leaf area, gLAIt:

LAIt = LAIt-1 * (1 - SEN) * (1 - TFIF) + gLAIt
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Figure 24: Basic structure of the Crop Simulator Model, SIMPROC.

Figure 25: SIMPROC model simulates yield and water consumption of different sowing dates, covering the whole year.
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CHANGE ON REGIONAL
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Climate change will create new environmental scenarios 
for plant and animal communities. It is very likely that living 
organisms won’t have time to adapt to the new climatic 
conditions, considering that adaptations of plants and 
animals take several generations to fully express. The life 
cycle for temperate forests takes between 50 to 80 years 
to be completed. The activation of a gene may occur in 
several generations. This means that the adaptation to a 
new climatic scenario may take several centuries, a rate 
that is not compatible with the speed of climatic changes 
that have currently taken place. It is important to consider 
that a rise of 2°C of global temperature is like to move 
the area of distribution of a living community to several 
hundred kilometers or move its current territory between 
300 and 400 m in altitude. Therefore, it is important to 
project the magnitude of climate change expected in 
different areas, so as to establish to what extent each 
ecosystem will be subjected to stress-inducing climate 
changes in the future.

Culpeo fox (Lycalopex culpaeus) in Fray Jorge National 
Parck, Coquimbo. Chile.
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Figure 42: Biomass and ecoregions of America.

BIOMASS AND ECOREGIONS OF AMERICABIOMASS AND ECOREGIONS OF AMERICA
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• Bioclimatic stress of ecosystems

To determine levels of stress that a climate change 
scenario can induce in an ecosystem, it is necessary to 
know the current spectrum of bioclimatic tolerance of the 
ecosystem. The main aspects determining geographical 
distribution of species are:

How hot the summer is. How cold the winter is. And how 
arid/humid the climate is. To answer these questions it is 
necessary to select bioclimatic variables describing:

• The summer thermal regime: temperature of the 
hottest month.

 
• The winter thermal regime: temperature of the 

coldest month.

• The annual water regime: aridity index (precipitation/
evapotranspiration or the length of the dry 
season). Also water defi cit (evapotranspiration – 
evapotranspiration) is a powerful driver for plant 
distribution.

To establish the bioclimatic profi le of each ecosystem, 
the geographical distribution of it was overlapped with 
each bioclimatic variable. To do that, a 1 km bioclimatic 
grid was used. The resulting histograms give a clear 
indication of how each variable may determine the 
geographic distribution of a specifi c ecosystem.

It is supposed that the frequency is associated with the 
degree of bioclimatic stress. Lesser frequency means 
higher bioclimatic stress. It is likely that beyond the 
extreme values, the ecosystem does not fi nd climatic 
conditions to subsist.

Once the upper plateau is established, as the mean 
value of the X higher frequencies, two lines connect the 
lower and upper border with the extreme borders of 
the distribution. This expresses that levels of bioclimatic 
stress will increase until a point, and beyond that, the 
extreme values are not present in the ecosystem.

A reasonable hypothesis is that lower and upper linear 
functions are expressing levels of bioclimatic stress when 
this variable moves away from the optimal condition 
(upper plateau). At the upper plateau bioclimatic stress is 
0, and at the extreme value (lower and higher) bioclimatic 
stress is 1.      

Figure 43: Bioclimatic profi le of the Arid Mediterranean coastal chaparral of 
Oxalis gigantea and Heliotropium stenophyllum in Chile.
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Figure 44: Frequency of maximum temperature of the hottest month.

Figure 45: Bioclimatic stress follows an inverse tendency with respect to the histogram of tolerance of a specifi c variable. It is assumed that in the central part 
of the distribution of an ecosystem, conditions are not stressing at all. As we move toward the end of the distribution, bioclimatic stress increases until reaching 
a maximum level, beyond the boundaries of the present distribution of the ecosystem.

In order to establish the total bioclimatic stress that an ecosystem as to endure facing climatic change, an integration 
of the three dimensions is necessary. Using an additive model, the integrated bioclimatic stress (IBs) in a climate change 
scenario is:

IBs = Shs + Wcs + Ws

The IBs was standardized between 0 and 1, divided by 3, in order to use the same scale that the other Indices use.

By applying the stress equations derived of this procedure 
to the whole bioclimatic grid we evaluated the stress at 
each point of the grid for the three main variables:

• Summer heat stress (Shs), ability to adapt to higher 
temperature.

• Winter cold stress (Wcs), ability to survive the 
freezing temperature or to support low subfreezing 
temperature.

• Water stress (Ws), ability to adapt to survive the dry 
season or to face water defi cit.
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AGRICULTURE 
VULNERABILITY TO
WEATHER THREATS
IN LATIN AMERICA
AND THE CARIBBEAN 
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Vulnerability of each country to climate change results 
from combining a number of factors that influence, 
on one hand, the sensitivity or susceptibility of the 
agricultural sector to a change in the climate scenario, 
and on the other hand, their adaptation capacity to 
changes in agriculture climate context. The sensitivity of 
agricultural systems, as well as the adaptive capacity, is 
obtained by integrating environmental, social, economic 
and technological variables that determine them.

The risk level of each farming system depends on their 
exposure to extreme weather events or changes that 
may threaten productivity. To determine the exposure, it 
is necessary to know the location of the cultivated land, 
the magnitude of the expected climate change and 
the scale of agriculture (cultivated land and population 
dependent on this activity). An agricultural region is 
more exposed when it is more extensive (productive 
dimension) or when there are more people working 
in agriculture (social dimension). The dimension of the 
impact is calculated combining the vulnerability and 
exposure, either economic or social, that climate change 
will have on a region of the continent.

Information was obtained from international sources to 
quantify each component of vulnerability and exposure; 
these were the CEPALSTAT statistical database from 
the Economic Commission for Latin America and the 
Caribbean (ECLAC), the World Bank, the United Nations 
Development Program (UNDP) and the statistical 
databases FAOSTAT and AQUASTAT of the United 
Nations Food and Agriculture Organization (FAO). The 
agriculture sensitivity in each area was determined by 
comparing the potential yields of various crops with 

yields that they will have in the new climate scenarios. 
Both yields were estimated with the SIMPROC model 
developed at the Center for Agriculture and Environment 
(AGRIMED) of the University of Chile.
 
The following figure shows a diagram depicting the 
integration model of the indices used to estimate the 
agricultural impact, in addition to the factors or indicators 
used to construct the Sensitivity, Adaptive Capacity and 
Exposure indices.

Below a description is presented of each index from the 
model and the indicators that compose it.

Agricultural Impact

Vulnerability

Indicators:

Rpov

RU
GDP

GINI
IRL

δP

Indicators:

GDP
HDI
SE

RDE

RES

Adaptive CapacitySensitivity

Exposure

Figure 50: Integration model of the agricultural impact within a territory.
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• Sensitivity of Agricultural Production Systems

The sensitivity translates the degree to which an 
agricultural system can be altered by a change of context 
in their environment. In this case we have defined the 
sensitivity as the susceptibility to changes in the climate 
system. The Sensitivity Index considers socioeconomic 
factors such as:

• Fraction of the rural population living in poverty

• Percentage of population living in rural areas.

• Total annual Gross Domestic Product (GDP) per capita

• GINI Concentration Index

• Agricultural area effectively irrigated in regards to 
total agricultural area 

• Changes in crop yields under climate change scenarios

Fraction of the rural population living in poverty
Corresponding to the percentage of the population living 
in rural areas whose average per capita income is below 
the poverty and extreme poverty line. The approach used 
by ECLAC to define a condition of poverty indicates that 
income per capita of a person`s household must be less 
than the minimum amount needed to meet basic needs, 
determined by the cost of a basket of basic goods and 
services estimated for each country.

Percentage of population living in rural areas
The percentage of population living in rural areas is 
basically obtained from national population censuses. 
The higher the fraction of rural population in a country, 
the more sensitive to climate changes.

Total annual Gross Domestic Product (GDP) per 
capita 
Gross Domestic Product (GDP) is the market value of 
all final goods and services produced within a country 
during a given time period and it is commonly used as an 
indicator of the economic health of a country. A country 
with more financial resources will have a less sensitive 
agricultural system than one that has a low GDP per 
capita.

GINI Concentration Index 
Measures inequality in income distribution. The GINI 
coefficient is an index that takes values between 0 and 
1, where zero corresponds to absolute equality and one 
to absolute inequality. Commonly, a country with more 
inequality will present higher sensitivity.

Agricultural area effectively irrigated in regards to 
total agricultural area 
This indicator represents the level of access to irrigation. 
The higher is the proportion of surface with effectively 
irrigated croplands in regard to total agricultural area, 
the less sensitive is the agricultural system.

Changes in crop yields under climate scenarios (δP)
The changes in crop yields can be positive or negative, 
adding or subtracting sensitivity to the production system. 
For this factor, the projected situation of major crops 
such as wheat, potato, corn, and rice was considered.

Where:

dYW, Variation in wheat yields between the baseline 
(1980 -2010) and the 2070 scenario, 

dYP, Variation in potato yields between the baseline 
(1980-2010) and the 2070 scenario,

dYC, Variation in corn yield between the baseline 
(1980-2010) and the 2070 scenario,

dYR, Variation in rice yied between the baseline (1980-
2010) and the 2070 scenario.  

The following table shows a description of the indicators 
used to develop the Sensitivity Index and the consulted 
sources. 
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Table 2: Indicators for the elaboration of the Sensitivity Index.

CODE INDEX DESCRIPTION SOURCE

RPOV
Percentage of rural population 
in poverty conditions 

The percentage of rural population in regards to the national 
population, whose average income per capita is below the 
poverty line and indigence (extreme poverty).

CEPALSTAT

RU Percentage of population 
living in rural areas

Percentage of population living in rural areas, in other words, 
percentage of rurality. This figure corresponds to the number 
of rural dwellers accounted for by mid 2015, divided by the 
total population. 

CEPALSTAT

GDP Gross Domestic Product (GDP) 
at constant prices in dollars 

The Gross Domestic Product (GDP) is the value of the flow of 
goods and services produced in a country at market prices 
for a base year, in this case 2010. The figures are expressed in 
US dollars, using the ECLAC official exchange rate for 2010. 

CEPALSTAT, 
THE WORLD BANK

GINI GINI Concentration Index
The GINI coefficient is used to measure income distribution. 
It is an index that takes values in the [0,1] range, where zero 
corresponds to absolute equality and 1 to absolute inequality. 

CEPALSTAT,
THE WORLD BANK

IRL

Agricultural area effectively 
irrigated in regards to total 
agricultural area 

The percentage of area equipped for irrigation with total 
control that is actually irrigated in a given year, in regards 
to total cultivated area in the country. It refers to physical 
surfaces. Lands that are irrigated more than once a year are 
counted only once. 

FAOSTAT, 
AQUASTAT

δP Variation in yield of 
agricultural crops

Variation in performance between the baseline (1980-2010) 
and the 2070 scenario. 

AGRIMED, 
SIMPROC model

The sensitivity of the agricultural system to climate change 
is the result of the integration of the different indicators 
mentioned above, which are combined according to an 
additive model. In order to integrate the information for 
modeling, it is necessary to normalize each variable on 
a standard scale from 0 (no sensitivity) to 1 (extremely 
sensitive), considering the minimum and maximum 
values found on the continent for each variable:

Where:

Vmax is the maximum value obtained for a variable,

Vmin corresponds to the minimum value of such 
variable,

Vi is the value of the same variable in each country 
or region. 

The maximum and minimum values for each variable are 
found in the Annex III.

This standardization applies directly when sensitivity 
increases with the value of Vi (the case with poverty, 

rurality and the Gini index). When the sensitivity varies 
inversely with the value of Vi, the standardized Iv index is 
equivalent to 1 - Iv (the case with GDP per capita, access 
to irrigation).

Standardized rates of each variable are combined in an 
additive model that combines variables according to the 
following algorithm: 

Where:

RPOV = Rural Poverty (Percentage of rural population 
living in poverty),

RU = Rurality (Percentage of population living in rural 
areas),

GDP = Gross Domestic Product per Capita in dollars,

GINI = Gini Index,

IRL = Actual irrigated agricultural land divided by the 
total agricultural area,

δP = Variation in yields of the 4 major crops.
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The results of the Sensitivity Index in Latin America and The Caribbean are presented in the map of Figure 51. The 
highest levels of sensitivity are found in Central America, where several factors are combined such as low crop yields, 
significant levels of rural poverty, and low income levels measured by the Gross Domestic Product per capita.

The highest levels of sensitivity coincide with those countries with the highest percentages of rural poverty, such as 
Honduras, Paraguay, Guatemala and Bolivia. These countries also belong to the quintile with the lowest levels of 
GDP and equity in income distribution, in addition to small fractions of area equipped for irrigation and significant 
levels of loss in yields crops.

On the contrary, the countries of south and west of South America as Chile, Uruguay, Peru, Ecuador and Argentina, 
exhibit a lower sensitivity of their farming systems.
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CLIMATE CHANGE SENSITIVITY INDEX
Represents the sensitivity of cultivated crop species and social weaknesses to face climate

Figure 51: Climate Change Sensitivity Index.
S = Sensitivity Index; RPOV = Rural Poverty; RU = Rurality; GDP = Gross Domestic Product per Capita; IRL = Actually irrigated agricultural land divided by the total 
agricultural area; δP = Variation in crop yield between the baseline and the scenario 2070.

Represents the sensitivity of cultivated crop species and social weaknesses to face climate
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• Adaptive Capacity of the Agricultural System
 
The ability to adapt among regions basically depends 
on the variables associated with their development, 
management or governance capacity, and the available 
resources to adopt new technologies and scientific 
technological infrastructure. It is expected that a country 
with higher incomes and greater capabilities in science 
and technology will be better prepared to face the 
threats of climate change. To describe the capacity for 
adaptation of the different countries we have considered 
the following variables: 

•	Total Annual Gross Domestic Product (GDP) per capita

•	Human Development Index (HDI)

•	Social public expenditure per capita

•	Expenditure on Research and Development (R & D) as 
a percentage of GDP

•	Number of full-time researchers per million people 

Total annual Gross Domestic Product (GDP) per 
capita 
Globally measures the ability of society to access 
technological solutions to mitigate the effects of climate 
change. A country with more financial resources can 
confront in a better way the threats imposed by climate 
change.

Human Development Index (HDI)
This indicator is a summary measure of average 
achievement in three key dimensions of human 
development: level of health, education and quality of 
life. These three factors allow to obtain an estimation of 
how prepared is the society in each country to confront 
the threats of climate change.
	
Social public expenditure per capita
This indicator provides an estimate of the importance that 
governments give to social development of countries. A 
country with greater social development could be more 
trained to confront natural threats and adapt to changes.

Expenditure on Research and Development (R & D) 
as a percentage of GDP
Efforts by countries to increase their capabilities in 
research and development contribute improving their 
capacity to react to new scenarios and increasing the 
knowledge of the effects of climate change.

Number of full-time researchers per million people 
As in the previous case, this indicator provides an estimate 
of the level of scientific development and research in 
each country.

The calculation of the Adaptive Capacity Index was 
based on a simple average of the chosen indicators. 
Following the same procedure described for Sensitivity 
Index, the indicators must be standardized on a scale 
from 0 to 1. In the case of the Adaptation Capacity 
Index, the values close to 1 suggest a more favorable 
situation than in the case of those closer to 0, as they 
reflect management capacity and administrations with 
more advantage in these countries; unlike what happens 
with the other indices where values closer to 1 reflect a 
more unfavorable situation (increased sensitivity, greater 
exposure, higher vulnerability). 

The following algorithm was used for the Adaptive 
Capacity Index:

Where:

GDP = Gross Domestic Product per Capita in dollars,

HDI = Human Development Index,

SE = Social Public Expenditure per Capita,

RDE = R & D Expenditure as a percentage of GDP,

RES = Number of full-time researchers per million 
people.
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Table 3: Indicators for the development of the Adaptive Capacity Index.

CODE INDEX DESCRIPTION SOURCE

GDP
Gross Domestic Product 
(GDP) per capita at constant 
prices in dollars

The Gross Domestic Product (GDP) is the value of the 
flow of goods and services produced in a country at 
market value for a base year, in this case the year 2010. 
The figures are expressed in US dollars, using the ECLAC 
official exchange rates for that year.

CEPALSTAT, THE 
WORLD BANK

HDI Human Development Index 
(HDI)

This indicator reflects the average achievements in basic 
dimensions of human development, namely a long and 
healthy life, to acquire knowledge and enjoy a dignified 
standard of living. 
For this, it combines factors such as “life expectancy at 
birth,” “years of schooling,” and “GDP per capita.” The 
HDI is the geometric mean of the normalization of each 
of the indices in all three dimensions. It is measured on 
a scale of 0 to 1. 

UNDP

SE
Social Public expenditure 
per capita

The estimate, per person, of the allocation of public 
resources for spending on social sectors.

CEPALSTAT

RDE
Expenditure on R&D as a 
percentage of the GDP

Expenditure on research and development is periodic 
and it comes from national capital (public and private) 
to suport creative work undertaken systematically 
to increase knowledge. The area of research and 
development includes basic research, applied research 
and experimental development.

THE WORLD 
BANK

RES Nº of full time researchers 
per million people

Number of full-time researchers dedicated to research 
and development per million people.

THE WORLD 
BANK

Within the countries for which data are available, 
countries with lower resilience are Guatemala, 
Nicaragua, Bolivia, Paraguay and Peru (Figure 52). This 
can be explained because these countries are among 
the 12 countries with the lowest GDP per capita of the 
Region and, in the case of Nicaragua and Guatemala, 
also are among the countries with the lowest human 
development index. Considering the extent of per 
capita public expenses on social development, Bolivia, 
Nicaragua and Guatemala are among the countries 

with less investment. On the other hand, the efforts of 
countries to allocate resources on science and technology 
directly contribute to strengthening the capacity to face 
natural and climatic threats. Countries which give more 
importance to scientific development, expressed through 
the expenditure on R & D as a percentage of GDP and the 
number of full-time researchers per million people, are 
Brazil, Argentina, Mexico and Costa Rica. At the other 
extreme, the countries that invest less in these items are 
Nicaragua, Guatemala, Panama and El Salvador.
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• Vulnerability Index of Agricultural Activity in the face of Climate Change

Vulnerability is an intrinsic property of agricultural systems in a given country. It depends on the attributes of local 
agriculture, not on climate hazards to which it is exposed. The combination of the level of sensitivity of agricultural 
systems with their adaptive capacity allows for an estimation of their vulnerability. To combine both indices, an 
additive model was adopted, where vulnerability is the average of the indices of sensitivity and adaptive capacity, 
assigning, in this case, equal weight to each of them. However, it should be noted that the vulnerability is greater 
while an agricultural community has lower adaptive capacity, so, for this operation the complement of the Adaptive 
Capability Index (1 – CA) should be considered.

Where: 

V = Vulnerability (0 to 1),

S = Sensitivity (0 to 1),

AC = Adaptive Capacity (0 to 1),

α = Weighing of sensitivity,

β = Weighing of adaptive capacity,

α + β = 1

As result, the vulnerability of individual countries to future climate change scenarios is obtained by combining their 
sensitivity of production systems and their capacity to adapt to a new climatic context (Figure 53). Countries with the 
highest Vulnerability are Guatemala and Paraguay, followed by Bolivia, Panama and Colombia. On the contrary, the 
countries better prepared to face the expected changes are, in descending order, Argentina, Uruguay, Chile, Costa 
Rica and Brazil.
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ADAPTIVE CAPACITY INDEX
Represents the combined effect of development level, human development and scientifi c activity

Figure 52: Adaptive Capacity Index.
AC = Adaptive Capacity Index; GDP = Gross Domestic Product per Capita in Dollars; HDI = Human Development Index; SE = Social Public Expenditure per Capita; 
RDE = R & D Expenditure as a percentage of GDP; RES = Number of full-time researchers per million people.

Represents the combined effect of development level, human development and scientifi c activity



Atlas of Climate Change and its Agricultural Impacts in the Americas

80 

VULNERABILITY INDEX
Represents the combined effect of production sensitivity and adaptation capacity

Figure 53: Vulnerability Index.
V = Vulnerability Index; S = Sensitivity Index; AC = Adaptive Capacity Index.

Represents the combined effect of production sensitivity and adaptation capacity



Atlas of Climate Change and its Agricultural Impacts in the Americas

81     

• Exposure of Agricultural Activity to Climate Change

The degree of exposure of the system to climatic 
hazards depends on the geographical location of each 
agricultural area, changes expected in each place and, 
crucially, the magnitude of the activity, either by its 
territorial extension or number of people who depend 
on it. For simplicity reasons, the exposure by the affected 
population (rurality) and the exposed agricultural land 
(cultivated land) are represented.

Cultivated Area 
It was considered as cultivated areas the arable lands 
and permanent crops, according to the FAOSTAT 

database. Clearly, the larger the agricultural area of 
a country, regardless of how extensive is the country, 
will be more exposed to the climatic threats of future 
scenarios.

Rural population 
The number of people directly exposed to the changes 
expected in agricultural systems is a key factor in 
assessing the degree of damage.

The description of these factors is presented in the 
following table.

Table 4: Indicators for the development of the Exposure Index.

CODE INDEX DESCRIPTION SOURCE

CL Cultivated Area
This corresponds to the total national cultivated area 
(ha) of each country. Cultivated area was considered as 
arable lands and permanent crops. 

FAOSTAT

RPOP Rural population
Number of people living in rural areas. This figure 
corresponds to the number of rural inhabitants 
accounted for by mid 2015.

CEPALSTAT

In order to get an estimate of the degree to which the 
agricultural systems of countries are exposed to variations 
in climate, the mean was obtained on the standardized 
values of the cultivated area and the number of 
inhabitants living in rural areas. The values closest to 0 
are those that contribute to a reduced exposure and the 
values near 100 represent higher levels of exposure. The 
algorithm used is as follows:

Where:

CL = Cultivated Land,

RPOP = Number of people living in rural areas.

Figure 54 shows the Climate Change Exposure Index 
map, which combines, in absolute terms, the exposed 
cultivated surface, and the size of the affected rural 
population. As area and population is expressed in 
absolute terms, largest countries inevitably will be more 
exposed to the threats of climate change than smaller 
countries. Thus the countries with the highest exposure 
are Brazil, Mexico, Peru, Colombia and Argentina and the 
less exposed are Turks and Caikos Islands, Montserrat, 
United States Virgin Islands, British Virgin Islands, Saint 
Kitts and Nevis and Aruba.
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CLIMATE CHANGE EXPOSURE INDEX
Represents the dimension of territorial or demographic affected target

Figure 54: Climate change Exposure Index.
E = Exposure Index; CL = Cultivated Land; RPOP = Number of people living in rural areas.

Represents the dimension of territorial or demographic affected target
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• Potential Agricultural Impact Index in the Context of Climate Change 

The potential impact of climate change strongly depends 
on the vulnerability of agricultural systems and their 
exposure. Highly vulnerable and large-scale systems 
based on the extension of cultivated area or rural 
population dependent on agriculture, are exposed to 
greater potential impacts; that is, social and economic 
consequences of greater magnitude that will represent 
greater economic efforts for countries. By contrast, 
systems that have lower vulnerability and have a reduced 
range will not generate big impacts and can be addressed 
with relatively little effort. 
 

PAI = V * E

Where:

PAI = Potential Agricultural Impact,

V = Vulnerability (Intrinsic properties of the agricultural 
system),

E = Exposure (Social and productive dimension of the 
agricultural activity).

The global impacts of the new climate scenarios on Latin 
American and Caribbean agriculture are represented firstly 
through the integration of the sensitivity of the agricultural 
system with adaptive capacity among countries, which 

allows to estimate their level of vulnerability, and secondly 
through the integration of vulnerability with exposure to 
climate hazards for each country. Impact on the agricultural 
system is defined numerically on a scale from 0 to 100, 
where the closer to 100, impacts are more severe either 
by a high level of exposure, by a lack of capacity response 
to threats, or by increased sensitivity of the production 
system. Below is presented the map with the results of the 
Agricultural Impact Index. 

The map of Figure 55 shows the results of the Potential 
Agricultural Impact Index, which is the result of multiplying 
the Vulnerability and Climate Change Exposure Indices. 
The Potential Agricultural Impact Index is a dimension 
of how big will be the expected impacts of climate 
change on agricultural production systems, considering 
the “size of the exposed agriculture” in Latin America 
and the Caribbean. This is a projection of the extent of 
climate change impacts in terms of territorial extension 
or in terms of affected population. This projection does 
not tell about the local effect that climate changes may 
have, it is just a dimension of the economic or social 
impact within the region.

Countries with the highest agricultural impact would be, 
in descending order, Mexico, Brazil, Peru and Colombia, 
while the lowest impacts are expected in Costa Rica, 
Panama, Uruguay and Chile.
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POTENTIAL AGRICULTURAL IMPACT INDEX
Represents the dimension of territorial or demographic impacts

Figure 55: Potential Agricultural Impact Index.
PAI = Potential Agricultural Impact Index; V = Vulnerability Index; E = Exposure Index.

PAI = V * E

Represents the dimension of territorial or demographic impacts
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THE ADAPTATION
AGENDA
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Climate change will change the environmental context for agriculture to produce food for our world. Scientific 
evidence shows that conditions for plant growth and production could become increasingly worse because of 
climatic variability, extremes weather events, lack or excess of water, high temperatures, higher activity of pests and 
diseases, shortening of life cycles, higher frequency of warm and cold waves, and wind /hails threats. Several of these 
variables could go beyond the capacity of cultivated and wild plants to recover after the bioclimatic stress and could 
cause the loss of equilibrium among their internal physiological functions (which are necessary for their growth and 
reproduction).  The following figure synthesizes some of the main impacts of climatic change on agricultural systems.

Figure 56: Main climate change consequences on agricultural systems. This system simplify the diagnosis which arose from participatory workshops in the 
VACEA pilot area.
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The main components of the adaptation model are: climatic stressing variables (part of exposure), cropping systems, 
biological sensitivities of cultivated plants (land use, the second half of the exposure), socio-economic attributes 
of the agricultural system (vulnerability), and external factors acting as positive or negative drivers (sound public 
policies, markets, economic context, demography, culture, political tensions, human development, funding).

Figure 57: VACEA approach for climate change adaptation. Main relations among climatic variables (blue), crop (green), socio-economic context and governance 
(purple) and public policies (red) to adapt the production system to a new climatic context.

An adaptation agenda must consider a variety of 
strategies focusing on different dimensions of the various 
problems created by a change within the climatic context 
of the agriculture. An intelligent adaptation strategy 
has to take maximum advantage of the autonomous 
capacity of farmers to adapt to the new climatic context. 
This means that it is necessary to identify what changes 
in the production systems could be recommended in 
order to minimize climatic risks in order to avoid negative 
potential impact of climatic risk on crop productivity, 
quality or production costs. Farmers have the possibility 
to cope, to some extent, with moderate risks by changing 
their sowing date, crop species, crop varieties, and / or 
soil management practices. Part of the autonomous 
adaptation is geared toward improving their capacity to 

organize and share information and knowledge in order 
to better face climatic risks. This autonomous phase 
of the process is necessary in order to prepare farmers 
to be an active agent of change during the second 
phase, where public policies have to help the process of 
changing the production system by incorporating new 
technologies as:

• Efficient irrigation, new cropping systems, crop 
diversification, crop protection, water and energy 
efficient technologies, decision systems based on risk 
analysis and early warning systems, better use of the 
agricultural insurance, capacity building on sustainable 
production systems, agricultural organizations and 
information management.
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This agenda requires the active involvement of the 
State by means of sound public policies helping farmers 
to acquire the capacity to cope with these necessary 
challenges. Public policies may be classified into two 
categories:

• Policies to promote production systems transformation 
by new cropping systems, new decision and 
management systems, incorporating technology to 
better face climatic extremes, accessing information 
and technical support, incorporating better and 
sustainable agricultural practices.

• Policies to improve the production infrastructure 
at local and regional level by enhancing irrigation 
systems, communications, technical agencies, 
storage, distribution and processing infrastructure. 
Policies to promote the optimization of the whole 
production chain, ensuring a stable market for 
agricultural products.

Research institutions have the mission of creating 
pertinent knowledge which can be utilized to make 
agricultural systems that are more resistant to climate 
extremes. This challenge requires more research on:

• Technologies for highly efficient water and energy 
use will be needed, new resistant genotypes to 
bioclimatic stresses, protection technologies against 
climatic extremes, risk assessment and management, 
cleaner technologies strategies for sanitary protection 
of crops, cropping systems to minimize climatic risks.

From a social perspective, various objectives should be 
addressed,

• Better access to information, funding and 
technologies, improvements of farmers capacities 
to cope with more complex risk contexts, more 
articulated institutions to support agriculture, 
more efficient farmers organization, participatory 
mechanisms functioning, monitoring systems based 
on environmental and socioeconomic indicators for 
an early detection of situations going the wrong way, 
stable programs of capacity building.

From an environmental perspective the adaptation needs:

• Ecosystem providing environmental services 
protection, water protection against contamination 
and over exploitation, soil conservation programs, 
biological equilibria restoration, enhancement of 
strategic ecosystem services, improving the tuning 
among agricultural lands and the surrounding 
environment, low carbon emissions cropping systems, 
lowering ecological footprint of agricultural systems.

The success of the strategy depends on the ability to 
combine, and prioritize, these actions when addressing 
the weaknesses of the local system. In consequence, the 
initial diagnosis is a key element in creating an efficient 
adaptation strategy. The diagnosis should arise from 
the participation of the several actors of the agricultural 
strategy. If the diagnosis comes from a consensus among 
the various actors, the adaptation strategy will probably 
be effective and could easily be adopted by farmers in 
order to continue producing foods in a new climatic 
context.
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Annual hot days: Total annual days with maximum 
temperature above 25° C.

Annual frost events: Average number of days with 
freezing temperature (minimum temperatures <0 ° C).

Chilling hours: Total number of hours with T<7°C 
(7°C corresponds to the threshold of cold required by 
deciduous species to successfully break the winter rest).

Dry season length: Number of months with water 
deficit, where the ratio between precipitation to 
potential evapotranspiration is less than 0,5. Values 
greater than 1 indicate that the precipitation is in excess 
of evapotranspiration. Values less than 0,5 indicate that 
vegetation will suffer water shortages (dry month).

Effective Growing Degree Days: Correspond to the 
Total Growing Degree Days accumulated during the 
growing season. This index reveals the possibilities for 
a plant species to complete normally its life cycle. More 
precocity is obtained in places with the greatest amount of 
degree days, which consider as physiologically effective, 
the temperatures between 10 (minimum growing 
threshold) and 30° (maximum growing threshold).

Human comfort index: is a combination of temperature 
and air humidity, considering that human comfort 
maximizes at certain intervals, and decreases to lower 
(cold sensation) and higher (hot sensation) temperatures.   

Water deficit: Corresponds to the negative 
difference among PRECIPITATION minus POTENTIAL 
EVAPOTRASNPIRATION. It is an indicator of the irrigation 
requirements of irrigated agriculture.

Water surplus: Corresponds to the positive 
difference among PRECIPITATION minus POTENTIAL 
EVAPOTRASNPIRATION. It is an indicator of water 
available for surface runoff during a period.
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• Graphs of the present and future thermal regimen in America 

Figure 58. Localities used to describe present and future climate.
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Figure 59. Present and future thermal regimen in South America.
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Figure 60. Present and future termal regimen in Central America.
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Figure 61. Present and future thermal regimen in North America.
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ANNEX II
TABLE OF CLIMATIC VARIABLES FOR PRESENT
AND FUTURE SCENARIOS IN AMERICA.
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Code Variable

JXT January maximum temperature  (°C)

JNT January minimum temperature (°C)

JLXT July maximum temperature  (°C)

JLNT July minimum temperature (°C)

RHJ Relative humidity january (%)

RHJL Relative humidity july (%)

SRJ Solar radiation january (cal cm2 d)

SRJL Solar radiation july (cal cm2 d)

ETJ Reference evapotranspiration january (mm)

ETJL Reference evapotranspiration july (mm)

ADD Annual degree day (T > 10°C)

EDD Effective annual degree day (10°C < T < 30°C)

AChH Annual chilling hours (T < 7°C)

FFS Frost free season (days)

TFN Total frost number (days)

THD Number of hot days

DSL Dry season lenght

WSL Wet season lenght

AR Annual precipitation (mm)

AE Annual evapotranspiration

AWD Annual water deficit (mm)

AWS Annual water surplus (mm)

ASR Annual solar radiatim

Iaw Winter aridity index

Ias Summer aridity index

Iaa Annual aridity index

BRP Biological resting period

PCI Precipitation concentration index

SDD Stress degree days

HCI Human Comfort index
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ANNEX III
TABLES OF SENSITIVITY INDEX, ADAPTIVE
CAPACITY INDEX, VULNERABILITY INDEX,
EXPOSURE INDEX AND AGRICULTURAL
IMPACT INDEX.
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Country Sensitivity Index Adaptive Capacity Index Vulnerability Index

Anguilla … … …

Antigua and Barbuda … 0,200 …

Argentina 0,299 0,710 0,295

Aruba … 0,158 …

Barbados … 0,207 …

Belize … 0,140 …

Bermuda … 0,336 …

Bolivia 0,516 0,150 0,683

Bonaire … … …

Brazil 0,468 0,629 0,419

British Virgin Islands … … …

Cayman Islands … 0,249 …

Chile 0,142 0,494 0,324

Colombia 0,434 0,259 0,588

Costa Rica 0,362 0,595 0,383

Cuba … 0,450 …

Curazao … … …

Dominica … 0,151 …

Dominican Republic 0,445 0,167 0,639

Ecuador 0,295 0,249 0,523

El Salvador 0,422 0,145 0,638

Falkland Islands … … …

French Guiana … … …

Grenada … 0,168 …

Guadeloupe … … …

Guatemala 0,584 0,093 0,745

Guyana … 0,093 …

Haiti … 0,000 …

Honduras 0,646 0,078 0,784

Jamaica … 0,172 …

Martinique … … …

Mexico 0,420 0,402 0,509

Montserrat … … …

Nicaragua … 0,096 …

Panama 0,478 0,272 0,603

Paraguay 0,597 0,169 0,714

Peru 0,293 0,217 0,538

Table A5. Criteria for determining the Vulnerability Index.
Source: Self prepared.
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Country Sensitivity Index Adaptive Capacity Index Vulnerability Index

Puerto Rico … 0,275 …

Saint Kitts and Nevis … 0,184 …

Saint Lucia … 0,154 …

Saint Vincent and the Grena-
dines

… 0,148 …

Suriname … 0,151 …

The Bahamas … 0,223 …

Trinidad and Tobago … 0,398 …

Turks and Caicos Islands … … …

United States Virgin Islands … 0,143 …

Uruguay 0,146 0,506 0,320

Venezuela 0,353 0,391 0,481
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Country National cultivated area (CL)
Number of people living in rural 

areas (RPOP)
Exposure Index

Anguilla ... ... …

Antigua and Barbuda 5000 69993 0,267

Argentina 40699000 2516400 58,381

Aruba 2000 60746 0,209

Barbados 12000 196997 0,754

Belize 110000 194749 1,632

Bermuda 300 ... …

Bolivia 4670000 3410500 53,555

Bonaire ... 5025 …

Brazil 82808100 27857000 100,000

British Virgin Islands 2000 15499 0,058

Cayman Islands 700 ... …

Chile 1766000 2092100 22,920

Colombia 3448000 9907800 64,175

Costa Rica 552000 1547900 10,137

Cuba 3576900 2419200 40,373

Curazao ... 17546 …

Dominica 23000 22139 0,270

Dominican Republic 1155000 3033300 20,537

Ecuador 2663000 5381600 41,992

El Salvador 945000 2390900 16,498

Falkland Islands ... ... …

French Guiana 17600 ... …

Grenada 10000 68721 0,308

Guadeloupe 24200 7396 0,232

Guatemala 2035700 5871300 37,957

Guyana 448000 577018 5,960

Haiti 1350000 5057300 29,047

Honduras 1475000 3923500 26,396

Jamaica 215000 1271950 6,172

Martinique 19600 45092 0,316

Mexico 25668000 25136000 100,000

Montserrat 2000 4708 0,022

Nicaragua 1790000 2517200 24,554

Panama 748000 1151700 10,587

Paraguay 4585000 2509300 49,782

Peru 5534000 8105000 77,013

Table A6. Criteria for determining the Exposure Index.
Source: Prepared based on information from FAOSTAT and CEPALSTAT.
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Country National cultivated area (CL)
Number of people living in rural 

areas (RPOP)
Exposure Index

Puerto Rico 111000 235521 1,777

Saint Kitts and Nevis 5100 37630 0,160

Saint Lucia 10000 150716 0,581

Saint Vincent and the Grena-
dines

8000 54085 0,241

Suriname 66000 186236 1,206

The Bahamas 12000 66370 0,318

Trinidad and Tobago 47000 1232970 4,524

Turks and Caicos Islands 1000 2683 0,006

United States Virgin Islands 2000 4987 0,023

Uruguay 2363000 246750 22,162

Venezuela 3400000 1870400 36,945
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Country Vulnerability Index Exposure Index
Potential Agricultural Impact 

Index

Anguilla … … …

Antigua and Barbuda … 0,267 …

Argentina 0,295 58,381 17,196

Aruba … 0,209 …

Barbados … 0,754 …

Belize … 1,632 …

Bermuda … … …

Bolivia 0,683 53,555 36,579

Bonaire … … …

Brazil 0,419 100,000 41,933

British Virgin Islands … 0,058 …

Cayman Islands … … …

Chile 0,324 22,920 7,422

Colombia 0,588 64,175 37,704

Costa Rica 0,383 10,137 3,885

Cuba … 40,373 …

Curazao … … …

Dominica … 0,270 …

Dominican Republic 0,639 20,537 13,117

Ecuador 0,523 41,992 21,975

El Salvador 0,638 16,498 10,528

Falkland Islands … … …

French Guiana … … …

Grenada … 0,308 …

Guadeloupe … 0,232 …

Guatemala 0,745 37,957 28,297

Guyana … 5,960 …

Haiti … 29,047 …

Honduras 0,784 26,396 20,702

Jamaica … 6,172 …

Martinique … 0,316 …

Mexico 0,509 100,000 50,889

Montserrat … 0,022 …

Nicaragua … 24,554 …

Panama 0,603 10,587 6,386

Paraguay 0,714 49,782 35,539

Peru 0,538 77,013 41,437

Table A7. Criteria for determining the Agricultural Impact Index.
Source: Self prepared.
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Country Vulnerability Index Exposure Index
Potential Agricultural Impact 

Index

Puerto Rico … 1,777 …

Saint Kitts and Nevis … 0,160 …

Saint Lucia … 0,581 …

Saint Vincent and the Grena-
dines

… 0,241 …

Suriname … 1,206 …

The Bahamas … 0,318 …

Trinidad and Tobago … 4,524 …

Turks and Caicos Islands … 0,006 …

United States Virgin Islands … 0,023 …

Uruguay 0,320 22,162 7,092

Venezuela 0,481 36,945 17,770
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Table A8: Minimum and maximum values used for the standardization of indicators that make up the Sensitivity 
Index.

RPOV RU GDP GINI IRL δP

Maximum value 81,8 91,6 85748,1 0,608 86,4 0,008

Minimum value 2,3 1,6 735,3 0,379 0,0 -0,352

Table A9: Minimum and maximum values used for the standardization of the indicators that make up the Adapta-
tion Capacity Index.

GDP HDI SE RDE RES δP

Maximum value 85748,1 0,836 1868,2 1,15 1327 0,008

Minimum value 735,3 0,483 144,2 0,03 27 -0,352

* Brazil, Argentina and Mexico were not considered in the CL indicator because the results were significantly out of range.
** Brasil and Mexico were not considered in defining the maximum value in the RPOP indicator because the results were significantly out of range.

CL RPOP

Maximum value 5534000* 15000000**

Minimum value 300 2683

Table A10: Minimum and maximum values used for the standardization of the indicators that make up the Exposure 
Index.




