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Abstract

Climate non-stationarity continues to change the productivity of local food
and water supply. These changes in supplies could result in starvation or
surpluses, greatly affecting the surrounding populations and causing ad-
verse effects such as malnutrition, mass migration, and political unrest.
This study addresses the following questions regarding the future potential
of land resources to support local populations with food and water: How
will crop production be affected by changing environmental conditions?
Which specific regions are expected to experience the greatest pressure?
How might we expect land use to shift through the end of the 21st century,
based on future environmental conditions? Current crop growth is ana-
lyzed, along with projected crop growth based on future climate scenarios.
Recent historic anthropogenic biome maps are statistically correlated with
recent historic climate data to generate models and are applied to antici-
pated future climates to generate future anthrome maps. The crop analysis
is then coupled with the anthromes results, yielding a crop suitability fore-
cast. This analysis is constrained to the area of Central America over the
course of the 21st century.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. Ci-
tation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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1.1

Introduction

Background

Water is one of the key elements that enable society to survive. Ancient civi-
lizations were often settled near water since water itself is essential for life,
and nearby bodies of water were conduits for easier transportation. Over
time, water engineering practices were developed to increase the usability of
local water. Sanitation systems in cities reduced waterborne diseases, ad-
vanced irrigation systems watered crops, and increased crop yield.

Humans have established their culture and livelihood in direct response to lo-
cal precipitation and temperature patterns; this is the driving force for local
food production. Ellis and Ramankutty (2008) classified these settlements into
a series of anthropogenic biomes, i.e., “anthromes,” or human-dominated bi-
omes. Climate non-stationarity affects water availability and the suitability of
land for food production. This results in a shift of anthromes and the humans,
flora, and fauna that define them to other areas better suited for survival.

The growing global human population (now approaching 8 billion) contrib-
utes to an increased stress on the Earth’s capacity to support human life.
The effects of climate change stress rural areas and reduce opportunities for
agricultural jobs, which leads to migration from rural to urban areas. This is
particularly important in largely agrarian geographic areas, especially in re-
gions where food is produced primarily for local consumption. This shift in
climate, when coupled with human migration, creates changes in food
productivity and in local food and water supplies that can result in surpluses
or shortages, even starvation. These conditions may also require the agrar-
ian population to adapt by learning how to cultivate specialty crops that are
more suitable to the changed climate and water availability.

The Army’s global peacekeeping mission often involves anticipating possi-
ble sources of conflict. Water and food availability represent complex secu-
rity threats that can contribute additional stress in areas already facing po-
litical unrest. An analysis of food security in stressed areas could provide

enough advanced warning of such conflict drivers to avoid or otherwise ef-
fectively and efficiently deal with the potential trajectory to future conflict.



ERDC TR-20-11

1.2

1.3

1.4

This work was undertaken to evaluate food security in Central America,
specifically Belize, Guatemala, Honduras, El Salvador, and Nicaragua. The
information outlined may be useful for gaining an understanding of poten-
tial changes in the Central America region related to food production in-
cluding shifts to anthropologically-relevant biomes.

Objective

The objective of this work was to evaluate the future potential of food secu-
rity across Central America and the ability of this region to continue to
support local populations with food and water. Specifically, this work
sought to address these questions:

e How will crop production be affected by changing environmental con-
ditions?

e Which specific regions are expected to experience the greatest pressure?

e How might we expect land use to shift through the end of the 21st cen-
tury, based on future environmental conditions?

Approach

This work used the Food and Agriculture Organization (FAO) of the United
Nations Global Agro-ecological zones (GAEZ) methodology for assessing fu-
ture suitability of six highly popular crops in Central America: maize, rice,
sorghum, phaseolus bean, coffee, and sugar cane. The GAEZ model incorpo-
rates several factors to determine crop growth suitability based on soils, ter-
rain, climate, precipitation, current land use, and current crop yields. The
projection maps are compared to a baseline map to establish overall change.

Recent historic anthrome maps were statistically correlated with recent
historic climate data to generate models that were then applied to antici-
pated climate to project future anthrome locations. These future anthrome
maps were evaluated and summarized to suggest how the future climate
may affect land use. The crop projection maps were then compared with
the future anthromes maps to determine impacts to human populations.

Scope

This analysis is limited to the area of Central America over the course of
the 21st century based on the results of recent climate models.
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2.1

Approach

The chapter outlines the steps used to conduct a food security analysis in
Central America. The analysis considers both changing crop suitability
coupled with changing anthromes, to determine potential locations of
push factors for migration from rural areas.

In this analysis, we combine two distinct approaches. In the first approach,
we assess the ways in which projected environmental characteristics could
influence the crop production of specific crops grown in Central America.
In the second approach, we determine how projected environmental char-
acteristics could influence the way people settle and use the land in the fu-
ture. The results are then compared side by side to consider potential im-
pacts to human populations.

Datasets

The following datasets were used in the analysis and are explained below.
Figure 1 outlines the data inputs, models for analysis, and output results.
The arrows that point to each box outline how the flow of the analysis oc-
curred. The left hand side of Figure 1 outlines the steps for the crop suita-
bility analysis while the right hand side shows the anthrome analysis.

The boxes in red are data inputs required for the analysis. To determine
the crop type to analyze, the FAO dataset was required to determine crop
growth by acreage for each country; while this was not a direct input into
the model, it was necessary to determine which crops to analyze. The yel-
low boxes are the analysis boxes; they receive inputs (red) and output fu-
ture projection maps (green). The green boxes are the individual crop suit-
ability map projections and the future anthrome projections. These green
boxes feed into the blue boxes that outline the analysis to determine an
overall projection for crop suitability and anthromes. Purple boxes repre-
sent the comparison between historic and future projections for both crop
suitability and anthromes. Crop suitability is represented by one map
showing the change from historic suitability to future projection of suita-
bility. Since anthromes maps are classified by anthrome type and not a
scale, the change in future anthrome analysis is represented by two maps:
one representing historic anthromes and one representing the most fre-
quently occurring anthrome among the future projections.
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Figure 1. Datasets, models, and output flow.
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2.1.1 Food and Agriculture Organization (FAO)

The FAO has gathered data on numerous aspects relating to food and agri-
culture. FAO data were used to determine crop growth per country (FAO
2017). This process examined crops by country of interest. The countries
considered in this study were Belize, Guatemala, Honduras, El Salvador,
and Nicaragua. Once the countries were identified, all of the crops availa-
ble were chosen and were sorted by area harvested; this allowed us to sort
the crops spatially from the most populous to the least populous. From
here, the data were downloaded in comma-separated values (CSV) format
allowing for easy sorting.

2.1.2 Global agro-ecological zones (GAEZ) inputs

The FAO along with the International Institute for Applied Systems Analy-
sis (ITASA) collaborated in developing the GAEZ dataset (IIASA/FAO
2012). The GAEZ portal was used to download the data of interest. This in-
teractive data retrieval system allows the user to focus on parameters of in-
terest such as crop type, climate, and management strategy. The results
are aggregated for current, major land use patterns. The portal allows for
both easy visualization and download options.
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2.2

The data consist of five main thematic areas:

land resources

agro-climatic resources
suitability and potential yield
actual yield and production
yield and production gaps.

o pH®DdE

This study focused on the suitability and potential yield area. Within the
GAEZ portal, the necessary parameters for GAEZ output were selected in-
cluding crop type, water supply, input level, climate scenario, and time pe-
riod of interest.

2.1.3 Historic anthromes

Historic locations of anthromes were completed by work done by Ellis and
Ramankutty (2008). The anthromes are based on biomes, which ecologists
use to define global patterns of biodiversity and ecosystems. However, an-
thromes are slightly different as they include the biodiversity coupled with
how humans interact with the ecosystem thus yielding “anthropogenic bi-
omes” that shorten to anthromes. This historic anthrome map was used to
train the model by examining current bioclimatic indices associated with
current anthromes. The data are available in four different formats: Envi-
ronmental Systems Research Institute, Inc. (ESRI) Binary GRID, Geo-
TIFF, ARC/INFO ASCII GRID, and NetCDF (Network Common Data
Form) Raster, all at a resolution of 5 arc minute.

Processing
2.2.1 Crop suitability

One of the greatest challenges that a society faces is the ability to provide
adequate nutrition to the ever-growing population. Changing land use
coupled with climate non-stationarity creates issues regarding land suita-
bility for crop growth. This is particularly important in geographic areas
that exhibit largely agrarian lifestyles and those where food is produced for
local consumption. Globally, annual cereal crop demand is likely to in-
crease by approximately 46% by 2050 (Alexandratos and Bruinsma 2012).
However, if current crop management continues into the future, changes
in climate are likely to reduce crop yields (Asseng et al. 2015, Bassu et al.
2015). A decrease in crop suitability leading to a food shortage could lead
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to security risks such as mass migration, which is often coupled with an
area experiencing political turmoil.

Crop data were collected from the FAO (ITASA/FAO 2012). Using the FAO
crop database for 2014, the top 10 crops types based on land area were se-
lected for each country. Based on the top 10 crop types per country, six to-
tal crop types were chosen for this study. These crops were chosen because
they were in the top 10 of harvested area for at least of three of the five
countries of interest. These crops include maize, rice, sorghum, phaseolus
bean, coffee, and sugar cane.

The analysis relies on the FAO GAEZ methodology for assessing agricul-
tural resources and production potential to determine crop suitability. The
GAEZ data portal was developed between the Land and Water Division of
the Natural Resources Management and Environmental Department of
FAO to ensure that partnership countries have access to reliable infor-
mation in regard to food and agriculture in support of policy decisions.
Therefore, the authors did not have any input into the model validation or
calibration process.

The GAEZ model uses data downscaled from two emission scenarios and
four Global Circulation Models (GCMs). The GAEZ web site provides crop
projection data for four different GCMs. For these GCMs there are two sce-
narios from the Special Report on Emissions Scenarios (SRES) (Bernstein et
al. 2000) common to all models: A2 and B2. The SRES are based on a set of
assumptions regarding how the world is projected to function from the per-
spective of emissions in the future. The A2 scenario consists of a heteroge-
neous world favoring regional change with high population growth and en-
ergy usage. Land use changes are medium to high with medium amount of
Gross Domestic Product (GDP) growth. Future resource availability is low
with pace and directions of technological growth slow. However, the B2 sce-
nario is based on dynamics as usual, with medium growth and change
across all platforms including population, GDP, energy use, land use
change, resource availability, and pace and direction of technology (Bern-
stein et al. 2000). Since the A2 dataset is more aggressive compared to B2,
it was chosen for this analysis; it assumes that population continues to in-
crease with slower economic growth and technological change, therefore
presenting a more pronounced “worst-case” scenario. The A2 scenario as-
sumes more energy-intensive, carbon-based processes, with correspond-
ingly greater Greenhouse Gas (GHG) emissions (Bernstein et al. 2008). The
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CO: emissions associated with this scenario are the highest of all four sce-
nario families. Additionally, the A2 scenario includes a growing population
and economic development oriented by region. Newer climate scenarios are
based on the Representative Concentration Pathways (RCPs). Within the
RCP scenarios, there are four options, with RCP 8.5 being the least con-
servative option and therefore most similar to the A2 scenario.

This analysis used the GAEZ model to focus on changes in land suitability.
The model provides predicted change in land suitability for crop produc-
tion under user-specified growing conditions. The model output repre-
sents change given in currently cultivated land area. For the crops in-
cluded in this study, the parameters used to run the model are (1) specific
crop (i.e., maize, rice, etc.), (2) rainfed water supply (i.e., no irrigation),
(3) low input level (i.e., no fertilizers or pest treatment, minimum conser-
vation methods, etc.), and (4) no CO- fertilization (i.e., no extra CO- is
added due to increase in CO- from anthropogenic affects). Based on these
parameters, a list of downloadable maps and tables are created.

For each crop, the GAEZ model outputs a total of five maps, one for each
respective GCM for the 2080s epoch and a historic map. An example of
maize is shown in Figure 2 with the four future projections illustrating the
variation in suitability predicted by the four GCMs. Note that three of the
models (i.e., C2A, CS, and EH) produce similar results while the fourth
(i.e., H3A) is substantially different. While this gives us confidence in our
results, it also reminds us that there is a certain amount of error in predic-
tive models. This is also shown in the overall crop summaries. For exam-
ple, if a crop has a 1 for suitability, it is the mean, which indicates that
more than likely some models find that more suitable while others find it
less suitable. Figure 3 shows the historic baseline map example of maize.

After the four future projections were made for each crop type, the maps
were combined using Geographic Information System (GIS) software to
provide an overall change map in land suitability for each crop type as
shown in Figures 4 through 9 in chapter 3. Using the mean to represent an
overall change considers multiple climate models yielding a more com-
plete picture of the future. Different models perform better with different
physical processes, and taking an average helps to capture aspects that
may be overlooked if only one GCM were used.
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Figure 2. Maize suitability change predicted by the four models under scenario A2.
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Figure 3. Maize suitability baseline data for the historic time period.
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The A2 and the B2 scenarios were used as they were the only ones that
were available from the GAEZ portal. For both the historic time period and
future models under the A2 scenario, the red areas indicated as “Not As-
sessed” are water bodies. The areas that are considered “Not Suitable” are
biological preserves and have been excluded from these analyses.
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2.2.2 Anthromes

Flora and fauna throughout the world compete with one another under
different climatic conditions thus determining the location and subsequent
extent of ecological systems globally. Ellis and Ramankutty (2008)
adopted this idea to establish anthromes based on population, land use,
land cover, and the way humans have made use of natural resources. For
the anthromes analysis, we used downscaled results from Intergovern-
mental Panel on Climate Change (IPCC) Fifth Assessment Report from the
GCM Downscaled Data Portal (Ramirez and Jarvis 2008, Jarvis 2014).
The data files are at a resolution of 30 arc-seconds and include derivative
results of all of the models.

First the results from climate models are converted to maximum, mini-
mum, and mean temperature, and average rainfall by month across a time
period of 10 years, which is an epoch. Additionally, the resolution of raw
climate data is too large and must be downscaled to show local change,
which considers specific details at the local scale regarding elevation, prox-
imity to coastlines, and land/water. Since living things respond to parame-
ters such as temperature and rainfall during the growing season, compar-
ing locations across the globe at any given time of year is irrelevant due to
seasonal differences. Table 1 lists 19 bioclimatic indices described by
O’Donnell and Ignizio (2012) that have been adapted by landscape re-
searchers worldwide.

Table 1. Bioclimatic indices.

Index Description

BIO1 Annual Mean Temperature

BIO2 Mean Diurnal Range (Mean of monthly (max temp - min temp))
BIO3 Isothermality (BIO2/BI07) (* 100)
BI04 Temperature Seasonality (standard deviation *100)

BIO5 Max Temperature of Warmest Month
BIO6 Min Temperature of Coldest Month
BIO7 Temperature Annual Range (BIO5-BIO6)
BIO8 Mean Temperature of Wettest Quarter

BIO9 Mean Temperature of Driest Quarter

BIO10 Mean Temperature of Warmest Quarter

BIO11 Mean Temperature of Coldest Quarter
BIO12 | Annual Precipitation
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Index Description

BI013 Precipitation of Wettest Month

BI014 Precipitation of Driest Month

BIO15 Precipitation Seasonality (Coefficient of Variation)
BIO16 Precipitation of Wettest Quarter

BIO17 Precipitation of Driest Quarter

BIO18 Precipitation of Warmest Quarter

BIO19 Precipitation of Coldest Quarter

The bioclimatic index data were cropped to cover all of Central America.
Then a statistical model developed using the R statistical software, was cre-
ated using a random forest technique to train a classification model (Liaw
and Wiener 2002). This training was based on historic bioclimatic indices
and historic anthrome locations (Ellis and Ramankutty 2008). Thus, the
model was able to produce projections showing where new anthromes
might develop under changed climate conditions that correlated historic
land use with the bioclimatic indices. The statistical model was applied to all
of the climate models to produce future projection maps. If a particular land
cover type was too small, it was eliminated from the analysis due to the cri-
teria set for the statistical analysis. Within the domain, 30,000 points of in-
terest were analyzed with 15,000 points used for model validation and
15,000 points used to train the model for future model projections.

The percentage of each anthrome type was then calculated for each coun-
try. If the anthrome had at least 10% coverage for at least one of the GCMs
for the country of interest, it was considered in the analysis. A range of
percentages based on the highest and lowest GCM of each country were
then determined to be the low and high range for each anthrome. The pro-
jected future percentage was compared to the historic amount, yielding a
percent change. Maps and summaries of changes to anthromes under dif-
ferent scenarios were developed.

2.2.3 Overall food security

The resultant analysis of land suitability for crop production was com-
pared with the anthrome model outputs to determine how change might
influence human settlement. This analysis yields insight regarding poten-
tial migration and shifts in the type of crop produced in specific areas.
Even though different sets of GCMs were used, they are comparable for
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several different reasons. In both the crop suitability and anthrome future
projections, an aggregate of the future projections was taken rather than
relying on one particular GCM. Examining an ensemble of GCMs reduces
the impact of one specific GCM by focusing on the system in its entirety.
Additionally, both cases use the “worst-case scenario” climate projection
for each set of GCMs.

To see the effects of a non-stationary climate on crop suitability and an-
thromes, a comparison between baseline maps and future projection maps
highlight areas likely to experience a change. Areas suitable for livability
are highlighted showing where migration may occur.

The future projection for crop suitability combines all crops of interest.
Climatic changes can affect crop suitability, which will likely affect how
people use the land. Changes in land suitability may cause people to mi-
grate to areas more suitable for growing crops and away from areas where
crop growth is struggling. Water availability influences where people can
irrigate and what crops are most favorable for the given water regime, thus
resulting in a shift of anthrome classification.
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3.1

Results

Crop suitability

The first part of this analysis is focused on future crop suitability, which in-
dicates whether the land use is suitable for growing a specific crop such as
maize. For all crop suitability figures, the -4 designation represents agree-
ment between all four models that land will become more suitable for the
crop of interest in the future, and the 4 designation represents agreement
between all four models that land will become less suitable. Zero represents
“no change” and almost exclusively represents lands that are not currently
cropped or are biological preserves. Zero can also mean that two models
show an increase and two show a decrease; there is not a strong agreement
among the models one way or another. The range between -4 and 0, and be-
tween 0 and 4 represents the range of agreement/disagreement between
GCMs that change in crop suitability will improve or worsen.

3.1.1 Maize

Maize production is expected to remain steady or slightly increase in the
future based on land suitability (Figure 4). In general, the moderately suit-
able land in Belize, Guatemala, and El Salvador becomes more favorable
with a very small portion worsening. In Honduras and Nicaragua, the land
area where conditions become more favorable is approximately equivalent
to the land area that decreases in suitability. The analysis shows that a loss
in suitability primarily occurs in central Honduras and the western edge of
Nicaragua. This decline is balanced by improved suitability on the north
and easterly portions of these two countries. Belize experiences ~30% im-
provement in suitable land area where it is not currently considered suita-
ble for production of maize. The percentage of improvement is determined
by comparing the GAEZ model summary statistics of projected suitability
to the baseline data. Table 2 outlines the overall change predicted by the
four GCMs for maize.
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Figure 4. Overall predicted change from the four GCMs regarding maize. Note that the scale
represents the amount of agreement between models.
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Table 2. Change in suitability for maize by country.

Country Percent Better | Percent Worse
Belize 32 0
El Salvador 28 6
Guatemala 18 2
Honduras 22 23
Nicaragua 16 20
Overall 20 14
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3.1.2 Phaseolus bean

Phaseolus bean is representative of multiple types of bean crops com-
monly grown as foodstuffs (Figure 5). Land suitability for beans becomes
overall more favorable for each country in the future except for El Salva-
dor, which shows a slight overall loss. The shift in suitability is like that of
maize — the moderately suitable land in each country becomes more suita-
ble whereas some of the currently suitable land becomes less suitable. The
analysis shows that loss in suitability primarily occurs in central Honduras
and the western edge of Nicaragua. This decline is balanced by improved
suitability of lands to the north and east within these two countries. Belize
experiences a ~30% improvement in suitability, whereas it is not currently
considered suitable for the production of beans. Table 3 shows the overall
change predicted by the four GCMs.

Figure 5. Overall predicted change from the four GCMs regarding production of phaseolus
bean. Note that the scale represents the amount of agreement between models.
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Table 3. Change in suitability for phaseolus bean by country.
Country Percent Better | Percent Worse
Belize 31 0
El Salvador 25 30
Guatemala 40 9
Honduras 35 18
Nicaragua 42 13
Overall 38 13
3.1.3 Rice

The suitability of land for production of rice in the future worsens for each
country over the study period (Figure 6). Overall, the loss in area suitable
for rice production is concentrated to large swaths of land in Guatemala,
Honduras, and Nicaragua. Additionally, a sizable portion of land to the
north edge of Belize becomes less suitable. Table 4 illustrates the overall
change predicted by the four GCMs.

Figure 6. Overall predicted change from the four GCMs regarding production of rice.
Note that the scale represents the amount of agreement between models.
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Table 4. Change in suitability for rice by country.

Country Percent Better | Percent Worse
Belize 6 21
El Salvador 8 27
Guatemala 13 30
Honduras 8 25
Nicaragua 2 21
Overall 7 25

3.1.4 Sorghum

The analysis indicates that the condition of land for production of sor-
ghum significantly improves for all countries (Figure 7). The land area that
is currently considered moderate-marginally suited is expected to im-
prove. The most substantial decline in suitability occurs in central Hondu-
ras, west Nicaragua, and south-central Guatemala. These are areas that are
currently considered good to very suitable for sorghum production. Table
5 shows the overall change predicted by the four GCMs.

Figure 7. Overall predicted change from the four GCMs regarding production of sorghum.
Note that the scale represents the amount of agreement between models.
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Table 5. Change in suitability for sorghum by country.

Country Percent Better | Percent Worse
Belize 36 0
El Salvador 59 13
Guatemala 49 9
Honduras 43 15
Nicaragua 49 12
Overall 47 11

3.1.5 Coffee

Land suitability for production of coffee is expected to considerably
worsen over the study period for all countries (Figure 8). Nearly all land
area that is currently considered suitable is expected to become less suita-
ble for production of coffee. Table 6 shows the overall change predicted by
the four GCMs.

Figure 8. Overall predicted change from the four GCMs regarding production of coffee. Note
that the scale represents the amount of agreement between models.
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Table 6. Change in suitability for coffee by country.

Country Percent Better | Percent Worse
Belize 1 29
El Salvador 10 10
Guatemala 9 31
Honduras 4 41
Nicaragua 1 42
Overall 5 36

3.1.6 Sugar cane

Land suitability for production of sugar cane is expected to worsen over
the study period for all countries (Figure 9). Nearly all land area that is
currently considered suitable is expected to become unsuitable for produc-
tion of sugar cane except for the eastern edge of Nicaragua. Table 7 shows

the overall change predicted by the four GCMs.

Figure 9. Overall predicted change from the four GCMs regarding production of sugar cane.
Note that the scale represents the amount of agreement between models.
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3.2

Table 7. Change in suitability for sugar cane by country.

Country Percent Better | Percent Worse
Belize 1 50
El Salvador 2 8
Guatemala 8 29
Honduras 5 39
Nicaragua 1 20
Overall 4 29

Table 8 shows the change of suitability for all crops for each country as well
as the entire domain. The values are calculated by comparing the summary
statistics from the GAEZ projected change in suitability for the GCM to the
baseline data, also from GAEZ. Overall, crop suitability decreases for all of
the countries in the region. This is likely due to future climates having an in-
crease in temperature, which creates a higher stress on water resources for
the crops due to higher evapotranspiration rates and change in growing sea-
son. Results vary depending on the GCM used, some exhibit decreasing fu-
ture precipitation amounts while others exhibit increasing amounts. This
causes a wide range in possible crop suitability that could be potentially dev-
astating if low rainfall is coupled with high temperatures.

Table 8. Change in suitability for all crops by country.

Country Percent Better | Percent Worse
Belize 1 50
El Salvador 2 8
Guatemala 8 29
Honduras 5 39
Nicaragua 1 20
Overall 4 29

BHuman settlement and land use

Rather than analyzing biomes, which focus solely on differences between
vegetation types, we examine anthromes, which also explores the human
impact on land use and land cover patterns (Ellis and Ramankutty 2008,
Martin et al. 2014). Known anthromes can be associated with bioclimatic
indices resulting from historic global climate data; projected changes in bi-
oclimatic indices can help project how anthromes will likely shift under
varying climate regimes in the future. Therefore, this analysis recognizes
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that future climates could create different pressures in Central America
that could potentially shift human land use patterns.

This analysis examined RCP 8.5 during the 2080s epoch (Figure 10) his-
toric anthromes were compared to future anthromes to show which areas
would likely remain with the same anthromes in the future and which ar-
eas would likely differ under different GCMs. For an anthrome to be exam-
ined, at least 10% of the country must be covered with the anthrome of in-
terest in at least one of the GCMs. Percent changes were calculated com-
paring historic values to each of the future GCMs.

Percent ranges and percent change ranges are given based on the highest
and lowest GCM for each country of the anthromes of interest. Descrip-
tions of anthromes are based on descriptions from Ellis and Ramankutty
(2008). Note that the last column in the table is percent decrease; there-
fore, if a value has a negative sign (i.e., indicating negative decrease), it is
actually a percent increase.

3.2.1 Rainfed villages - villages dominated by rainfed agriculture

Compared to historic values at 19%, Guatemala remained very close its
past values for the 2080s epoch at 15% with a decrease of about 4%. Belize
had no rainfed villages for the historic period but is projected to have be-
tween 0 and 25% in the future. Contrarily, El Salvador has a decrease from
historic values of 55% to a range of 4% to 30% for the future yielding a de-
crease to 25% to 51%. Table 9 summarizes the percent ranges of rainfed
villages of the five countries analyzed in this study.
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Table 9. Historic and future percent ranges and
calculated percent decrease of rainfed villages.

Country Historic % | Future % % Change
Belize 0 Oto 25 Oto 25
Guatemala 19 15 -4
Honduras 3 — —

El Salvador 55 410 30 -25to0 -51
Nicaragua — - -

3.2.2 Residential rainfed croplands - rainfed cropland with substantial
human populations

All of the countries of interest in Central America show an increase for at
least one GCM for residential rainfed croplands. Belize increases from 0%
as residential rainfed cropland in the historic time period, to ranging be-
tween 5% and 83% coverage. Guatemala has a range of GCMs between
45% and 77% in the future compared to ~28% for the historic time period,
leading to a percent difference of an increase between 60% and 180%.
Honduras has a historic percent coverage of 32% while future projections
range between 30% and 45%, which is a change of -2% to 13%. Nicaragua
sees both an increase and decrease from 34% coverage during the historic
time period to 30% to 60% coverage in the future, which is a difference be-
tween -4% and 26%. As with the other Central American countries, El Sal-
vador increases in coverage of residential rainfed croplands from the his-
toric time period at 42% to the future projection at 65% to 90%, which is a
change of 23% to 48%. Table 10 summarizes percent ranges of residential
rainfed croplands.

Table 10. Historic and future percent ranges and calculated
percent decrease of residential rainfed croplands.

Country Historic % | Future % | % Change
Belize 0 51083 510 83

Guatemala 28 45t0 77 17 to0 49
Honduras 32 30to 45 -2to 13
El Salvador 42 65 to 90 23t0 48
Nicaragua 34 30 to 60 -4 to 26
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3.2.3 Residential rangelands - rangelands with livestock grazing and
minimal forests and crops with substantial human populations

Nicaragua had a minimal amount of residential rangeland, historically at
~5%. Future projections exhibit a range of residential rangeland from 3%
to 15%, which is a changes between -2% and 10% in the future. El Salvador
had nearly 0% coverage as residential rangeland for the historic period
and is projected to have between 0% and 15% in the future. This is a per-
cent change between -1% and 14% between historic and future percent-
ages. Table 11 summarizes percent ranges of residential rangelands.

Table 11. Historic and future percent ranges and calculated
percent decrease of residential rangelands.

Country Historic % | Future % | % Change
Belize 0 — —
Guatemala 5 — —
Honduras 3 — —

El Salvador 1 Oto 15 -1to 14
Nicaragua 5 3to15 -210 10

3.2.4 Residential woodlands - forests with substantial human populations

Compared to historic values for residential woodlands across Central
America, some countries and some GCMs will experience a decrease in
residential woodlands in the future, while others will experience an in-
crease; there is a lack of consistency in regard to future projections. Belize
has a historical amount of 5%, but in the future will range from 3% to 60%
coverage of residential woodlands. This is a change in percentage between
-2% and 55%. Guatemala will experience a similar pattern, of having both
an increase and decrease. Historically, about 11% of Guatemala’s land has
been residential rangeland; in the future, it is projected to have between
3% and 15%, which is a percentage change between -8% and 4%. Similarly,
Honduras will also continue the trend of having some increase and de-
crease from historic values. For the historic time period, Honduras has
had 23% coverage as residential rangeland. However, in the future, its cov-
erage will range from 20% to 30%, which is a percentage change be-

tween -3% and 7%. All future projections show that Nicaragua will in-
crease from about 4% for its historic period to between 5% and 25%. This
is a percentage change between -1% and 21%. Table 12 summarizes per-
cent ranges of residential woodlands.
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Table 12. Historic and future percent ranges and calculated

percent decrease of residential woodlands.

Country Historic % | Future % | % Change
Belize 5 3to 60 -2t0 55
Guatemala 11 31015 -8to 4
Honduras 23 20to 30 3to7
El Salvador 1 — —
Nicaragua 4 51025 -1to21

3.2.5 Populated woodlands - forests with minor human populations

All countries and all GCMs exhibit a decrease in populated woodlands from
the historic time period to the future projections. Belize decreases from 83%
for the historic period to between 1% and 48% coverage of populated wood-
lands for the future, which is a percentage change of -35% to -82%. Histori-
cally Honduras started at 29% but dropped to 15% to 22%, which is a per-
centage change of -7% to -14%. Nicaragua also decreased from historic val-
ues at 32% to projected values at 15% to 28%, which is a change of -4% to -
17%. Table 13 summarizes percent ranges of populated woodlands.

Table 13. Historic and future percent ranges and calculated
percent decrease of populated woodlands.

Country Historic % | Future % % Change
Belize 83 11048 -35t0 -82
Guatemala 22 - —
Honduras 29 15 to 22 -7to-14
El Salvador 1 - —
Nicaragua 32 15 t0 28 -4 1o -17

Combined crop suitability and human settlement

After analyzing each crop individually, the crops were combined to create
an overall projected change in land suitability map (Figure 11). To deter-
mine overall land suitability change, the maps were aggregated to provide
a rough idea of where there is likely to be an increase or decrease in crop
suitability. Note that the scale represents the amount of agreement be-
tween models. This map is a summary of the general suitability of the
crops studied in this report and is not necessarily a representation of suita-
bility for each specific crop. The green areas represent areas that are likely
to become more suitable, while the red represents areas likely to become
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13 »

less suitable. A designation of “0” represents “no change” and is almost ex-
clusively representative of lands that are not cropped in the baseline model
or that are designated biological preserves. The -4 to 4 designation repre-
sents the range of agreement/disagreement between the GCM’s that
change will improve or worsen suitability for crops.

The northern part of the Guatemala and about half of Belize will become
less suitable for crop growth. However, the southern part of Guatemala,
most of El Salvador, and the western part of Honduras will become more
suitable for crop growth. By contrast, the central portion of Honduras is
likely to become less suitable, and has the highest agreement of the models
to be the least suitable location of crop growth throughout all of Central
America. Nicaragua is a mix of becoming less suitable and more suitable,
with locations near the coast likely becoming less suitable and inland loca-
tions becoming more suitable.

Figure 11. Overall projected change in land suitability from the four GCMs under scenario
A2. Note that the scale represents the amount of agreement between models.
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All of the future anthrome projections were combined to create a map rep-
resenting the most likely occurrence of anthromes in the future. This was
done by using the Cell Statistics tool in ArcGIS and determining the major-
ity type of anthrome per pixel. Therefore, the different anthromes repre-
sented in Figure 12 part B is the anthrome that occurs most frequently
among the future GCMs at that pixel location. Once again the region is
dominated by residential rainfed croplands. The east coast of Honduras
and Nicaragua has areas of populated woodlands and parts of the west
coast of Guatemala has some rainfed villages.

For comparative purposes, Figure 12 part A shows historic anthromes. In
general, the trends of anthrome locations remain the same from the historic
period to the future. The anthrome change analysis suggests an increase in
land area classified as residential rainfed cropland and shows a reduction in
nearly every other anthrome including populated woodlands and rainfed
villages. However, for both historic and future projections, much of the area
is dominated by residential rainfed croplands along with some populated
woodlands and residential woodlands dominating the east coast.
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4 Discussion and Conclusions

Probable shifts in crop suitability and anthromes are likely to impact nu-
merous aspects of the Central American region. It is possible that a full
suite of downscaled models may produce a wider range of results than sug-
gested here. Nonetheless, the methodology of using downscaled models in
the current analysis allows planners to visualize the scale of potential ef-
fects of projected environmental changes on populations, and to begin to
assess potential impacts that, as time goes on, should be possible to verify.

In general, Central America cropland will become less suitable for the pri-
mary crops currently grown there (Figure 11). However, it is important to
note that the land may still be suitable to grow crops; it will just become less
suitable compared to current conditions. While these trends are variable
among the five countries in question, the results of this analysis indicate
that change is expected to most affect central Honduras and west Nicara-
gua. In these countries, land that is currently considered suitable for these
crops is expected to become less suitable for production of those crops.

However, even though the land may become less suitable for the crop that
is currently growing there, it may become more suitable for different
crops. For example, if the area is likely to experience less rainfall, a crop
that is less dependent on rain may thrive there. Additionally, other agricul-
tural modifications could be made to enable crops to better accommodate
future climates, e.g., by installing systems of irrigation or by changing
planting dates.

Changes in future climates are likely to have many impacts on food secu-
rity in the Central American region. If crops cannot be grown due to
changing climatic conditions, there will likely be a shift in population. Peo-
ple need access to food and water to survive; if those needs cannot be met,
they will migrate. This will likely force people out of rural environments
and into urban areas, an effect known as urban migration.

The initial stress, of finding sufficient food and water, that initiates migra-

tion can further be compounded with the additional stresses of finding ad-
equate housing and jobs in the urban environment. The movement of large
numbers of people to a new location can strain that new location’s existing
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infrastructure and economy, resulting in a stressful living environment
that can increase the chances of political unrest, especially in politically tu-
multuous areas, and increase the odds of people joining rebel groups and
political insurgencies.

Visually, there is some agreement between the anthrome projections and
the projected cropland suitability. However, it is important to note that a
decrease in crop suitability does not mean that land is not suitable for crop
production, only that it is expected to be less suitable than it is currently
for that crop, or that it may be better suited for another crop. Similarly, the
fact that land may remain or change to residential rainfed croplands (or
any other anthrome), may not mean that crop production will increase (or
decrease); it means only that, based on historic bioclimatic indices, this
area is likely to experience this anthrome with anticipated future climates.

We also note that the projection of future anthromes based on changing
bioclimatic indices alone neglects other influences on the population.
Other influences could include, for example:

e changing agricultural practices and other technologic advances (e.g.,
genetically modified crops, irrigation availability)

e changes to population structure

e the presence of infrastructure and changes to it (e.g., roads, ports); cul-
ture (e.g., language, history); and societal structures (e.g., land owner-
ship, government, universities, economic development and external fi-
nancial incentives), which might encourage a population to remain in
place despite changing environmental conditions.

Our analysis does not attempt to address these influences, but rather at-
tempts to answer the question “In what direction will environmental fac-
tors alone be likely to influence human populations as they are currently
structured?” Clearly all of these influences are likely to be significant, and
in many instances can be more significant than any environmental factors
alone. Future works include expanding this analysis into the Philippines
and examining different future climate pathways.
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Representative Concentration Pathway
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