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IMPACT OF CLIMATIC
CHANGE ON REGIONAL

ECOSYSTEMS




Climate change will create new environmental scenarios
forplantandanimal communities. Itisvery likely thatliving
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.

Atlas of Climate Change and its Agricultural Impacts in the Americas

Culpeo fox (Lycalopex culpaeus) in Fray Jorge National
Parck, Coquimbo. Chile.
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BIOMASS AND ECOREGIONS OF AMERICA

=
VAC, aceimep
? UNIVERSIDAD DT CHILD

Facultad de Ciencias Agrondmicas

Centro de Agniculiura v Medio Ambiente

I 1. Tropical and subtropical moist broadleaf forests
I 2. Tropical and subtropical dry broadleaf forests
I :. Tropical and subtropical coniferous forests
I 4. Temperate broadleaf and mixed forests
[ 5. Temperate coniferous forests
I ©. Boreal forests / Taiga
B 7. Tropical and subtropical grasslands, savannas and shrublands
8. Temperate grasslands, savannas and shrublands
" 9. Flooded grasslands and savannas
I 10. Montane grasslands and shrublands
P 11. Tundra
I 12. Mediterranean forests, woodlands and shrubs
13. Deserts ans xeric shrublands
B 14. Mangroves
B Lakes

P Rock and ice

Figure 42: Biomass and ecoregions of America.
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e 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:

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

e The winter thermal regime: temperature of the
coldest month.

e The annual water regime: aridity index (precipitation/
evapotranspiration or the length of the dry
season). Also water deficit (evapotranspiration —
evapotranspiration) is a powerful driver for plant
distribution.

To establish the bioclimatic profile 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 specific 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 find 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.
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Figure 43: Bioclimatic profile of the Arid Mediterranean coastal chaparral of

Oxalis gigantea and Heliotropium stenophyllum in Chile.

63



64

Atlas of Climate Change and its Agricultural Impacts in the Americas

140 optimal range
120 1 4eficit / BXCess
100 - / i
A )
gsu y il
5 ,f'r [
£ o0 ’ |
a0
20 - |
R R T R B R R R
e e I B A A I o of = oo oW oo ™
Ea B o B o BN o BN RN o T o B o BN o | Eac B o B o DO o BN o DN o R o B o B o |
Maximum temperature of the hottest month,*C

Figure 44: Frequency of maximum temperature of the hottest month.

By applying the stress equations derived of this procedure e Winter cold stress (Wcs), ability to survive the
to the whole bioclimatic grid we evaluated the stress at freezing temperature or to support low subfreezing
each point of the grid for the three main variables: temperature.

e Summer heat stress (Shs), ability to adapt to higher e Water stress (Ws), ability to adapt to survive the dry

temperature. season or to face water deficit.
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Figure 45: Bioclimatic stress follows an inverse tendency with respect to the histogram of tolerance of a specific 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.
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AGRICULTURE
VULNERABILITY TO

WEATHER THREATS
IN LATIN AMERICA
AND THE CARIBBEAN




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

Atlas of Climate Change and its Agricultural Impacts in the Americas

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.
Agricultural Impact

Indicators: Indicators:
R,  GINI GDP  RD,
RU IR, HDI RES
GDP &P S,

Figure 50: Integration model of the agricultural impact within a territory.

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

e Fraction of the rural population living in poverty

e Percentage of population living in rural areas.

e Total annual Gross Domestic Product (GDP) per capita
* GINI Concentration Index

e Agricultural area effectively irrigated in regards to
total agricultural area

e 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 (6P)
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.

dy, + dY, + dY, + dY,
4

6P =

Where:

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

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

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

dY,, Variation inrice 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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CODE ‘ INDEX DESCRIPTION ‘ SOURCE
Percentage of rural population The percentage of rural population in regards to the national
R |- 9 iral Pop population, whose average income per capita is below the | CEPALSTAT
in poverty conditions . .
poverty line and indigence (extreme poverty).
Percentage of population living in rural areas, in other words,
RU Percentage of population percentage of rurality. This figure corresponds to the number CEPALSTAT
living in rural areas of rural dwellers accounted for by mid 2015, divided by the
total population.
The Gross Domestic Product (GDP) is the value of the flow of
GDP Gross Domestic Product (GDP) | goods and services produced in a country at market prices | CEPALSTAT,
at constant prices in dollars for a base year, in this case 2010. The figures are expressed in | THE WORLD BANK
US dollars, using the ECLAC official exchange rate for 2010.
The GINI coefficient is used to measure income distribution.
. . . . CEPALSTAT,
GINI | GINI Concentration Index It is an index that takes values in the [0,1] range, where zero
. . - | THE WORLD BANK
corresponds to absolute equality and 1 to absolute inequality.
The percentage of area equipped for irrigation with total
Agricultural area effectively control that is actually irrigated in a given year, in regards
.= . . . . FAOSTAT,
IR, irrigated in regards to total to total cultivated area in the country. It refers to physical AQUASTAT
agricultural area surfaces. Lands that are irrigated more than once a year are
counted only once.
P Variation in yield of Variation in performance between the baseline (1980-2010) | AGRIMED,
agricultural crops and the 2070 scenario. SIMPROC model

Table 2: Indicators for the elaboration of the Sensitivity Index.

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:

‘/i - Vmin
Iv=
Vmax B me

Where:
V. is the maximum value obtained for a variable,

vV corresponds to the minimum value of such

min

variable,

V. 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 IIl.

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:

<RP0V+ RU+ (1-GDP)+ GINI+ (1-1IR))- 5p>
S=

6
Where:

R,,, = 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,

6P = 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

Cenire de Agricullum y Medisamblenie

UNIVERSIDAD DT CHILT

Facultad de Ciencias Agrondmicas
Centro de Agncultura v Medio Ambiente

<R,,OV+ RU+ (1-GDP)+ GINI+ (1-IR)) - 5p>
S=
6

Sensitivity

I 0.00-0,20
B 0.21-0,30
[ 031-040
[ ]0o41-050
B 051-0,60
Il 061-0,70
[ | NoData

‘s

Figure 51: Climate Change Sensitivity Index.
S = Sensitivity Index; R,,,, = Rural Poverty; RU = Rurality; GDP = Gross Domestic Product per Capita; IR, = Actually irrigated agricultural land divided by the total
agricultural area; 8P = Variation in crop yield between the baseline and the scenario 2070.
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e 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:

e Total Annual Gross Domestic Product (GDP) per capita
e Human Development Index (HDI)
e Social public expenditure per capita

e 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

Thisindicator 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
Asin 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:

GDP+ HDI+ S, + RD, + RES
5

AC=

Where:
GDP = Gross Domestic Product per Capita in dollars,
HDI = Human Development Index,
S, = Social Public Expenditure per Capita,
RD, =R & D Expenditure as a percentage of GDP,

RES = Number of full-time researchers per million
people.
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CODE ‘ INDEX DESCRIPTION ‘ SOURCE
The Gross Domestic Product (GDP) is the value of the
Gross Domestic Product flow of goods and services produced in a country at
) . . CEPALSTAT, THE
GDP | (GDP) per capita at constant | market value for a base year, in this case the year 2010. WORLD BANK
prices in dollars The figures are expressed in US dollars, using the ECLAC
official exchange rates for that year.
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
Human Development Index standgrd_of ||V|ng. .
HDI (HDI) For this, it combines factors such as “life expectancy at | UNDP
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
ascaleofOto 1.
s, Social P.Ub|IC expenditure The estimate, per person, of. the allocation of public CEPALSTAT
per capita resources for spending on social sectors.
Expenditure on research and development is periodic
and it comes from national capital (public and private)
RD Expenditure on R&D as a to suport creative work undertaken systematically  THE WORLD
E | percentage of the GDP to increase knowledge. The area of research and | BANK
development includes basic research, applied research
and experimental development.
RES N° of full time researchers | Number of full-time researchers dedicated to research | THE WORLD
per million people and development per million people. BANK

Table 3: Indicators for the development of the Adaptive Capacity Index.

Within the countries for which data are available,
are
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

countries

with  lower resilience

Guatemala,

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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e 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.

_ aS«B(1-AC)
=
Where:

V = Vulnerability (O to 1),

S = Sensitivity (0 to 1),

AC = Adaptive Capacity (0 to 1),

a = Weighing of sensitivity,

B = Weighing of adaptive capacity,

a+ =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 scientific activity
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Figure 52: Adaptive Capacity Index.
AC= Adaptive Capacity Index; GDP = Gross Domestic Product per Capita in Dollars; HDI = Human Development Index; S, = Social Public Expenditure per Capita;
RD, =R & D Expenditure as a percentage of GDP; RES = Number of full-time researchers per million people.
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VULNERABILITY INDEX

Represents the combined effect of production sensitivity and adaptation capacity
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Figure 53: Vulnerability Index.
V= Vulnerability Index; S = Sensitivity Index; AC = Adaptive Capacity Index.

80



Atlas of Climate Change and its Agricultural Impacts in the Americas

e 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

CODE ‘ INDEX ‘

C Cultivated Area

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

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.

DESCRIPTION ‘ SOURCE

R,,, | Rural population

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

inhabitants | CEPALSTAT

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

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 0O
are those that contribute to a reduced exposure and the
values near 100 represent higher levels of exposure. The
algorithm used is as follows:

E — CL + RPOP
2
Where:

CL = Cultivated Land,

R,,,= 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.

81



Atlas of Climate Change and its Agricultural Impacts in the Americas

CLIMATE CHANGE EXPOSURE INDEX

Represents the dimension of territorial or demographic affected target
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Figure 54: Climate change Exposure Index.
E = Exposure Index; C, = Cultivated Land; R,,, = Number of people living in rural areas.
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e 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
AgriculturalImpactIndex, whichis 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
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Figure 55: Potential Agricultural Impact Index.
PAI = Potential Agricultural Impact Index; V = Vulnerability Index; E = Exposure Index.
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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.

improved suitability

in colder areas deterioration in
temperate and tropical
areas o _
new varieties hight T
land use change and . .
. resistans (new item of cost
. —___—" costs of adaptation . "

agricultural for agri comunities?
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production loses may
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> .
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markets and trade
chanels have to adapt

___—— production —¥ double cropping, a

i ?
Climate change seasonality solution?

increased sanitary
problems reduce product
pests and —¥ quality
dlseases appearance of new barriers in
>— »  international trade (carbon,
increased production  water and ecological footprints)

crop yields

productlon
quality costs may threaten small
producers

costs of inputs dlfflcultles in meeting market
P requirements could take out of

\ \ the market some producers

increased costs could  lack of water or energy are
threaten agricultur major threats in arid and
of important arease semiarid regions

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,

Climate change \

Future Climatic
scenarios

1

Climate extrems
and risks

Present climate

Markets and
product prices

Land use Crop exposure
‘ T——p
Water requirements

by agri sector  Total agricultural
production

Available water
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Climatic Risks
V' 4

Access to
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political tensions, human development, funding).

Public policies
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e
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\ f New finantial
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resources .q--"/
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technologies

Costs of incomes,
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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:

e 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.



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.

e 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:

e 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,

e 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:

e 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.

Atlas of Climate Change and its Agricultural Impacts in the Americas

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.

Atlas of Climate Change and its Agricultural Impacts in the Americas
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e 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 |

TABLE OF CLIMATIC VARIABLES FOR PRESENT
AND FUTURE SCENARIOS IN AMERICA.
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Code Variable
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JXT | January maximum temperature (°C)
JNT | January minimum temperature (°C)
JLXT | July maximum temperature (°C)
JLNT | July minimum temperature (°C)

RHJ | Relative humidity january (%)

RHIJL | 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

law | Winter aridity index

las | Summer aridity index

laa | Annual aridity index
BRP | Biological resting period

PCl | Precipitation concentration index
SDD | Stress degree days
HCl | Human Comfort index
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ANNEX I

TABLES OF SENSITIVITY INDEX, ADAPTIVE

CAPACITY INDEX, VULNERABILITY INDEX,
EXPOSURE INDEX AND AGRICULTURAL
IMPACT INDEX.
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Table A5. Criteria for determining the Vulnerability Index.
Source: Self prepared.

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
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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 Vlncenc’jtiigsd the Grena 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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Table A6. Criteria for determining the Exposure Index.
Source: Prepared based on information from FAOSTAT and CEPALSTAT.

Number of people living in rural

Country National cultivated area (CL) areas (R, ) 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
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Number of people living in rural

Country National cultivated area (CL) Exposure Index

areas (R, ,)

Puerto Rico 111000 235521 1,777

Saint Kitts and Nevis 5100 37630 0,160
Saint Lucia 10000 150716 0,581

Saint Vincenjiigg the Grena- 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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Table A7. Criteria for determining the Agricultural Impact Index.
Source: Self prepared.

Potential Agricultural Impact

Country Vulnerability Index Exposure Index 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
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Potential Agricultural Impact

Country Vulnerability Index Exposure Index Index
Puerto Rico 1,777
Saint Kitts and Nevis 0,160
Saint Lucia 0,581
Saint Vlncen;iigsl the Grena 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.
‘ R,y ‘ RU ‘ GDP ‘ GINI ‘ IR, ‘ 8P
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 ‘ S, ‘ RD, ‘ RES ‘ &P
Maximum value 85748, 1 0,836 1868,2 1,15 1327 0,008
Minimum value 7353 0,483 144,2 0,03 27 -0,352

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

Index.
‘ CL ‘ RPOP
Maximum value 5534000* 15000000**
Minimum value 300 2683

* 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.
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