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1 Foreword

We would like to expresour gratitude to the Howard G. Buffett Foundation (HGBF) for its vision in
initiating and funding such a rigorous and much needed study. HGBF has been proactive in asking the
difficult questions in pursuit of global food security, and then taking tHetddest solutions in the field.

We also want to highlight our appreciation to Dr. Axel Schmidt, who helped design the TOR study and
then led it with professionalism and integrity, immersing himself in every facet of research, analysis, and
writing.

We believe that TOR is excellent example of applied research, where cutting edge science, led by CIAT
and CIMMYT, meet ethe-ground needs of smallholder farmers and their communities that CRS seeks
to serve. It has been an honor to work with and learn frasthithese institutions.

All of us involved in TOR approached this theme with curiosity and objectivity. We sought to better
understand the impacts of climate change on beans and maize, and we wanted to produce a study that
would be useful for us, for theider development community, and most of all for farmers. We hope and
expect that this study will generate some controversy and push development actors, governments, and
most of all farmers to wrestle with and challenge the results and recommendationgso$tiidy. But

most of all, we hope this study is a call to action. Through this study, and many others, we now know
enough to act and make vital changes. We hope the main messages are clear: (a) there is an urgency to
use this information wisely and immedely, and (b) there is much we can do now to manage the
impacts of climate change on maize and beans with the right tools and knowledge.

For CRS, the results and recommendations from TOR have contributed to our broader development
strategy for Central Amreca. Specifically, there are three points we draw from the study:

First, we need to manage the resources we already have in Central America, specifically soil and water,
much more effectively. TOR shows that soil degradation is both the key factonarahility and critical

to climate change adaptation; it is urgent that we focus on rebuilding and protecting soils. Similarly,
water is a tremendous natural resource that Central America has in abundance. So much can be done to
adapt to climate change hysing this resource wisely, by harvesting rainwater and using it efficiently for
producing food, while conserving watersheds, wetlands, and the other ecosystems that we rely on for
our welktbeing and survival.

{ SO2yRX 6S ySSR (2 deddskpre§sed shMdsdedtly By RobAriChambetsKMiguel A
Altieri, and others more than twenty years ago, remains fundamental. Farmers want to produce food for
their families and earn income to afford education and health services for their children. They ca
succeed when provided the right skills, knowledge, and opportunities. Small farmers have been
neglected in Central America over the past two decades, to the detriment of society and nature. All of us
in the development community need to focus more effamd resources to support farmers to for
mitigate and adapt to climate change.

Third, success requires the leadership of government. Governments in Central America need to commit
to climatesmart agricultural development. Extension services and acadeaiitrtg need to be funded

and reinvigorated with a focus on small farmers, who produce most of the food for this region. NGOs,
11



research institutions, and donors can be part of the solution, but governments are the only ones with
the power and ability to mak a real difference through their leadership and courage in setting new
policy priorities and ensuring immediate action and ldegn commitment.

Paul Hick

Regional Coordinator
Global Water Initiative Central America
Catholic Relief Services
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2 Abstract

In order to be able to adapt to climate change, maize and bean producing smallholders in Central
America have to know which type of changes and to which extent and ranges these changes will occur.
Adaptation is only possible if global climate piins are broken down on local levels, to give farmers

a direction on what to adapt to, but also to provide detailed information about the extent of climate
change impact and the exact location of the affected population to local, national, and regional
governments and authorities, and the international cooperation/donors in order to coordinate and
focus their interventions

This technical report seeks to assess the expected impact of climate change on maize and bean
production in four countries in CentrAimerica. We downscaled GCM (Global Climate Models) to a local
scale, predicted future maize and bean production using the dynamic crop model DSSAT (Decision
Support for Agreechnology Transfer), we identified based on the DS®4llts 3 types of focuareas

where impact is predicted to be significant and run DSSAT again with the full range of available GCMs to
address uncertainty of model predictions. Outputs of downscaled climate data show that temperature is
predicted to increase in the future, whilergxipitation will slightly reduce. Crop modeling shows that
bean yields will decrease high along the dgjt in Central America and revealed a significant influence

of soil fertility and soil water retention capacity especially on maize yield which itiirastically
affected by climate change under such poor soil conditions. Furthermore, we identifiesphts with

more than 50% yield reduction as well as area with favorable growth conditions in the future.

The conducted vulnerability analysis shows the adaptive capacity at household level and the low
availability of human and social capital across the region for climate change adaptation. Central America
is highly vulnerable to climate change. Based on the results we finally made recommendations for
adaptation and mitigation strategies such as eefficient and sustainable intensification of the
production system combing soil and fertility management with water harvesting schemes, marketed
oriented high value plant production and plant genetic impment for heat and drought stress. The
findings of the present study should enable decision makers on local, national and regional levels to take
appropriate action in the right locations and provide an adequate policy framework for successful
implementaion of adaptation strategies in the rural sector of Central America.

13



3 Introduction

In the Central American countries of El Salvador, Guatemala, Honduras, and Nicaragua more than 1
million smallholder farm families depend on the cultivation of maize antéans for their subsistence.

The maizebeans production system is the most important agricultural production system in the region,
which dates back to the pr€olumbian period. It builds the foundation of the Central American diet and

is integral to theregional culture. The annual consumption of maize is as much as 170 kg/person, and
for beans it is more than 25 kg/persgGEPAL 2005).

The production system comprises 2.4 milliort Ha8 million ha of maize and around 600,000 ha of
beang with an overall atput of 3 million t of maize and 475,000 t of beans annually. The annual gross
values of maizbears production are greater than US$700 million and US$400 million, respectively.
Nicaragua produces more than 30% of the regional harvest and exports tdopeigbuntries. Farming

is conducted mostly by smallholder families on farms averaging 3.5 ha. Productivity is low by global
standards, averaging 1.5 t/ha for maize and 0.7 t/ha for beans. Smallholders invest over 120 million
working days per season in pnacing maizeand beans(lICA 2007).

Most of the maizebears productionin Central America can be found on sloping terrain (e.g. 80% in
Honduras). Soils, albeit mostly of volcanic origin, are shallow and erosion prone on sloping lands.
Combined with the traditional slash and burn management soil degradation is becoming a majo
constraint for production(Oldeman et al. 1991 For smallholders dependent on agriculture for their
livelihoods, degradation of natural resources and low mdigars production are intimately related to

major determinants of poverty, including: geographisolation; lack of access to services and
infrastructure, credit, and input and output markets; low education levels; and dependency on family
labor. Labor migration within countries and the region, or to the United States, is common. And, within
this dready precarious scenario, the food security of millions of people is often at risk because
smallholders are highly vulnerable to climate variability, including droughts and severe storms.

Climate change will intensify the already existing challengesnf@ailholder farmers in Central America.
The added impacts of climate change, in the form of higher temperatures and less precipitation, will
significantly affect crop viability or prevent production altogether However, predictions of possible
extent of cimate change impacts are for the most part of general nature and the current outputs of
global climate prediction models are too coarse to allow effective decision making and strategy
implementation at municipal or smallholder farm level. There is an urgead by smallholder farmers

and decision makers, both nationally and regionally, for sufficiently detailed information on both the
extent of climate change and the specifics on where, when and how to focus their decisions, policy,
coordination, and interentions for climate change adaptation and mitigation of the mdleans
production system in Central AmericAdaptation is possible only if predictions of global climate
impacts are known at local levels, so that smallholders know what to adapt to.

The present study was carried out to provide specific and actionable information on the projected
impacts of climate change on maibeans and to provide decision makers and smallholder farmers with
recommendations for adaptation. With funding from the How&dBuffett Foundation (HGBF), Catholic
Relief Services collaborated with the International Center for Tropical Agriculture (CIAT) and the
International Center for Improvement of Maize and Wheat (CIMMYT) to conduct the study from March
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2011 to April 2012. e study became familiarly known as Tortillas on the Roaster (TOR), alluding to
both the cultural significance of maia@dbeans to Central Americans and climate change.
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4 Project goals and objectives

¢CKS LINRP2SOG a¢2NIUATf | atsefpedfi€ Shanged inamaiBaldd produstisr] & G 2
systems in order to inform and enable vulnerable farmers in Nicaragua, Honduras, El Salvador and
Guatemala to act and respond to ongoing climate change through specific adaptation measures and
increased capaity. In order to achieve this ambitious goal we worked along two main activity lines: (i)

the analysis of climate change impact and (ii) the targeting of future interventions (Figure 1). While the
first activity line included the collection and compilatiof all necessary field data and ground proofing

of climate and crop models, the downscaling of climate models to local levels, and the predictions of
future climate conditions, crop production, and so€iconomic impacts, the second activity line
targeted the identification of hot spots/focus areas for different adaptation scenarios across four
countries in Central America.

Analysis of Climate-Change impacts

Provide local scale .
climate predictions

Targeting of future interventions .’

Quantify socio-economic
consequences

a BT

2

Develop Adaptation- & Mitigation Strategies

Figurel: Activity Inesand main objectives

4.1 Analysis of climate changempact

The aim of the analysisas to systematically address the magnitude of long term climate change impact
NEIFNRAYI FENNVSNEQ YIFIATS yR o0S8Stya LINRBRdAOGAZY 4&e
highly vulnerable to extreme events and unfavorable future climate conditfeegeral studies based on

historical climate, register that hurricanes and extreme weather events are increasing in frequency and
intensity in Central America (Magrin et al. 2007; Tucker et al. 2009). A climate disaster often leads to

crop failure and harmsF  N¥ SNBEQ NBAAf ASYyOS FyR GKSAN F22R a8
unforeseen climate variability in the past and need to cope with these uncertainties every day for their
agricultural production. With climate change they have to face additionatterm shifts of climate

patterns as shown by global climate predictions. L-taxgh changes in temperature and rainfall patterns

require strategies for adapting agriculture and food systems and also new ways of managing risks. This
project and the climatedata we used focus on a lostgrm changing climate and will not take into
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account climate variability. Data and methodologies used for the climate change impact assessment are
described in this report.

4.2 Targeting of future interventions

In order to be abldo adapt to climate change, smallholders have to know which type of changes and to
which extent and ranges these changes will occur and the respective specific impacts on their livelihood,
from effects on plant growth to market conditions and value chafkdaptation is only possible if global
climate predictions are broken down to local levels, to give farmers a direction on what to adapt to, but
also to provide detailed information about the extent of climate change impact and the exact location of
the dfected population to local, national, and regional governments and authorities and the
international cooperation/donors in order to coordinate and focus their interventions in the future.
There will be people who will be more affected by climate changa ththers; some might have to
leave the agricultural sector while others will have to change their whole operation. But there will be
also new opportunities for those who will adapt quickly making them winners of changes in climate.
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5 Methodology

In the bbck diagram (Figure 2) we show methods and elements we used throughout the process.

5.1 Currentclimate

We used historical climate data fromhe www.worldclim.orgdatabase (Hijmans et al. 2085as the

current (baseline) climatéNorldClim data are generatday interpolating average monthly climate data

from weather stations on a 3@rc-second resolution grid (often referred to @d-kme resolution).

Variables included are monthly total precipitation, and monthly mean, minimum and maximum
temperature and19 bioclimatic variables (Hijmans et al. 2@p8erived from the initial variables that

are often used in crop niche modeling.

/ Climate data
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IPCC output:
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!

future climate
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2020 & 2050
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—
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Result: impact Hot-, Adaptation- &

_/

> A
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7 Field trial data >

worldcelim:
19 bio-climatic
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-

bean field trials using 10 varieties in 5 countries
2 sowings (PRIMERA, POSTRERA)
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Figure2: Block diagram of thesedmethods
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In the WorldClim database, climate layers were interpolated using:
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file:///C:/Users/Anton%20Eitzinger/Desktop/TOR/reports/Final_report_figures_tables/www.worldclim.org

1 Major climate databases compiled by the Global Historical Climatology Network (GHCN), the
Food and Agriculture OrganizatioRAQ, the World Meteorological Organization\(MO),
the International Center for Tropical Agriculture (CIATHYRIronet, and a number of
additional minor databases for Australia, New Zealand, the Nordic Eurojiamtries,
Ecuador, PerandBolivia, among others.

1 The SRTM elevation database (aggregated to 38egonds, "1 km")

9 The ANUSPLIN software. ANUSPLIN is a program for interpolating noisy multivariate data
using thin plate smoothing splines. We used latitude, longitude and elevation as
independert variables.

For stations for which there were records for multiple years, the averages were calculated for the 1960
90 period. Only records for which there were at least 10 years of data were used. In sometluases
time period was extended to the 19500 period to include records from areas for which there were
few recent records available or predominantly recent records.

After removing stations with errors, the database consisted globally of precipitation records from 47,554
locations, mean temperater from 24,542 locations, and minimum and maximum temperature for
14,835 locations.

Tablel: Meteorological station®n which WorldClim is based in the study area

Country Precipitation Mean Minimum Maximum
stations temperature temperature temperature
stations stations stations
Nicaragua 225 220 2 2
Honduras 49 70 52 56
El Salvador 131 127 19 19
Guatemala 303 292 91 102

5.2 Future climate

A globalclimate model (GCM) is a computéased model that calculates and prediethat climate
patterns will look like in the future. GCMs use equations of motion as a numerical weather prediction
(NWP) model, with the purpose of numerically simulating changaherclimate as a result of slow
changes in some boundary conditions (such a&sdblar constant) or physical parameters (such as the
concentration of greenhouse gases). The model focuses on each grid cell and the transfer of energy
between grid cells. Once the simulation is calculatedumber of climate patterns can be determined

from ocean and wind currents tgatterns in precipitation and evaporation rates that affect, for
example, lakdevels andcrop plant growth. The GCMs are run in a number of specialized computer
laboratories around the world. We used data from these labworias in our analysegRandall et al.

2007)

The Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report was based on the
results of 21 global climate models (GCMs), data which are available through an IPCC interface, or
directly from theinstitutions that developed each individual model. The spatial resolution of the GCM
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results is inappropriate for analyzing the impacts on agriculture as in almost all cases the grid cells
measure more than 100 km a side. This is especially a problemténogeneous landscapes such as
those of the Andes, where, in some places, one cell can cover the entire width of the range.

5.2.1 Downscalingof global climate models tdocal level

The spatial resolution of the GCM results is inappropriate for analyzingntacts on agriculture.
Downscaling is therefore needed to provide highesolution surfaces of expected future climates if the

likely impacts of climate change on agriculture are to be forecasted. We used a simple downscaling
method (named delta methodpased on the sum of interpolated anomalies to high resolution monthly
climate surfaces from WorldClim (Hijmans et al. 2005a). The method, basically, produces a smoothed
(interpolated) surface of changes in climates (deltas or anomalies) and then apgptidsterpolated

surface to the baseline climate (from WorldClim), taking into account the possible bias due to the
difference in baselines. The method assumes that changes in climates are only relevant at coarse scales,
and that relationships between vafles are maintained towards the future (Jarvis and Ramirez 2010).

CIAT downloaded the data from the Earth System Grid (ESG) data portal and applied the downscaling
method on over 19 GCMs from the IPCC Fourth Assessment Report (Solomon et al. 2007) for the
emission scenario SRB3 and for 2 different 30 year running mean periods (i.e. 20089
[202042020], 20462069 [20508050])). Each dataset (SRES scenan8CMc¢ time slice) comprises 4
variables at a monthly timstep (mean, maximum, minimum tempetat, and total precipitation), on a
spatial resolution of 30 arseconds and 2.5 aminutes (Jarvis and Ramirez 201We produced
datasets for Nicaragua, Honduras, El Salvador and Guatemala.

5.2.2 Prediction of future climate (2020s and 2050s)

After downscalig the global climate models to the local level we generated 19 bioclimatic variables
from current and future (202§ 205@) climate data and extracted climate characteristics for the entire
study area and for selected sample sites for the vulnerabilityyaiga The extraction includes a general
description of the current and future distribution of rainfall and temperature patterns, parameters for
extreme conditions and climate seasonality. In order to address uncertainty of Global Climate Models
(GCM) we sed the full ensemble of available models from IPCC Fourth Assessment Report and
calculated variability between models.

5.3 Ground-proofing and sampling design

To understand maize and besproduction areas in Nicaragua, Honduras, El Salvador and Guatemala
we startedwith data compilation and a literature review on crbm-physical information, geographical
base layerstopography,elevation models, landise, infrastructure), abiotic componengichas soil

and historical climate data, agricultural prodiget data (harvesting areas, yields) and previous studies
conductedin Nicaragua, Honduras, El Salvador and GuatenTdiase data were used to establish
groundproofing of current crop production areas anere also used tealibratecrop models.
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Table2: From the literaturecompiled data for Nicaragua

Nicaragua Data description

MAGFOR (Ministerio Agropecuario y Forestal), INTA (Instituto Agronomic management
Nicaragiiense de Tecnologia) Agropecuaria).2Cdtivando frijol

con menos riesgos. Managual, M3 p.

IICA, Proyectod®l SICTA. 2008. Guia de identificacién y manejc Pest and diseas@anagement
integrado de enfermedades de frijol d&ntro América. Managua,

NI. 38 p.

[ICA, Proyectodrl SICTA. 2010. Guia técnica pamdauccion Agronomic management
artesanal de semilla de frijol. Esteli, NI. 32 p.

NICAEXPORT (Centro de Promocion de Exportaciones).2007. Marketsfor exportation

Estudio de Inteligencia de mercaddsanagua, NI. 88 p.

INTA (Instituto Nicaragiiense de Metogia Agropecuaria). Improved vaiety

Informe anual 2001. Resultados de generacion y validaciones ¢

region de las Segovidsicaragua. [on line]

http://www.funica.org.ni/docs/gran_basic_14.pdf

[ICA, Proyeto Red SICTA. 2009. Guia técnica para el cultivo de Agronomic management

frijol. Managua, NI. 28 p.

SRTM International Cerér for Tropical Agriculture (CIAT), Elevation model (30 arsecondgesolution)
available from http://srtm.csi.cgiar.org. for Nicaragua

MAGFOR (Ministerio Agropecuario y Forestal), INETER (Instit Soils, protected areas, forest areas
Nicaragiiense de Recursos Territoriales). 2010. Compendio d Landuse datamap-scale 1:50.000
mapas: uso potencial de la tierra. Managua, NI.

Global Land Cover 2000 database. European Commission, Jc Global land cover for Nicaragua
Research Centre, 2003.

http://bioval.jrc.ec.europa.eu/products/glc2000/glc2000.php

Common BeasAtlas for Nicaragua online: Bean Gowing Environments (Gl®ased dot
https://www.msu.edu/~bernsten/beanatlas/Country%20Pages maps)
-withGIS/Nicaraqua/l.Nicaragua.lndex.Page.htm

Table3: From the literaturecompiled data for Honduras

Honduras Data description

SAG (Secretda de Agricultura y Ganaderia), FHIA (Fundacion Agronomic management

Hondurefa de investigacién Agricola). 2006. Condiciones de

fertilizacién de suelo en zonas productoras de granos basicos

Honduras y recomendaciones tiatilidad. Corés, HU. 50 p.

SAG(Secretaia de Agricultura y Ganaderia), DICTA. 2004. Mar Agronomic management

técnico para uso de empresas privadas, consultores individual

productores. MatagalpaHU. 37 p.

SRTM International Cergr for Tropical Agriculture (CIAT), Elevation model (30 arseconds resolution)
available from http://srtm.csi.cgiar.org. for Honduras

Global Land Cover 2000 database. European Commission, Jo Global land cover for Honduras
Research Centre, 2003.

http://bioval.jrc.ec.europa.eu/products/glc2000/glc2000.php

Common BeamAtlas for Honduras online: Bean Gowing Environments (Glbased dot
https://www.msu.edu/~bernsten/beanatlas/Country%20Pages maps)
withGIS/Honduras/1.Honduras.Index.Page.htm
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Table4: From the literature compiled dafar El Salvador

El Salvador Data description

MAG (Ministerio de @ricultura y Ganaderia), GEA (Centro Improved variey
Nacional de Tecnologia Agropecuaria y Fores28)2. Boletin

Informatico No.2. CENTA 2000, variedad de frijol. San Salvac

SS. 21 p.

MAG (Ministerio de agricultura Ganaderia, CENTA (Centro  Agronomic management
Nacional de Tecnologia Agropecuaria y Forestal). 2002. Guia

técnica para el manejo deariedades de frijol. San Salvador. S!

24 p.
SRTM International Cergr for Tropical Agriculture (CIAT), Elevation model (30 arseconds resolution) fol
available from http://srtm.csi.cgiar.org. El Salvador

Global Land Cover 20@atabase. European Commission, Joi Global land cover for El Salvador
Research Centre, 2003.

http://bioval.jrc.ec.europa.eu/products/glc2000/glc2000.php

Common BeagAtlas for El Salvador online: BeanGrowing Environments (Gl®ased dot
https://www.msu.edu/~bernsten/beanatlas/Country%20Page maps)
-withGIS/El%20Salvador/1.ElSalvador.Index.Page.htm

Table5: From the literature compiled dafar Guatemala

Guatemala Data description

IICA, Proyect&d SICTA. 2008. Guiaagortacion de frijol Marketsfor exportation

negro a Guatemala. Managua, NI. 19 p.

[ICA, Proyectodrl SICTA. ICTA. 2010. Guia de exportacion de Marketsfor exportation

frijol negro a Guatemala. Chiquimula, GU. 9 p.

IICA, Proyectodrl SICTA. 2008. Guia de identificacién y mane Pest and diseas@anagement

integrado de enfermedades de frijol d@&ntro América.

Managua, NI. 38 p.

Universidad deValle de Guatemala. 2010. Mapds uso de la Landuse data

tierra. Guatemala, GU.

SRTM International Cergr for Tropical Agriculture (CIAT), Elevation model (30 arseconds resolution)
available from http://srtm.csi.cgiar.org. for Guatemala

Global Land Cover 2000 database. European Commission, Jc Global land cover for Guatemala
Research Centre, 2003.

http://bioval.jrc.ec.europa.eu/products/glc2000/glc2000.php

Common BeamAtlas for Guatemala online: BeanGrowing Environments (Glbased dot
https://www.msu.edu/~bernsten/beanatlas/Country%20Pages maps)
-withGIS/Guatemala/l.Guatemala.lndex.Page.htm

5.3.1 Climate cluster

Toevaluate thedistribution of similarclimate patterns within thestudy areawe used statistal cluster
analysido assess a set of objedisioclimatic variables on a kilometer pointraster) into groups (called
clusters) so that objects in the same cluster are more similar to each other than to those in other
clusters.For the clustefanalysiswe used Ioclimatic variablegBios) as initiallyderived from monthly
temperature and rainfall valuesf current climate in orderto generate more biologically meaningful
variables. The bioclimatic variables represent annual trends (e.g., @eanal temperature, annual
precipitation) seasonality (e.g., annual range in temperature and precipitation) and extreme or limiting

22


https://www.msu.edu/~bernsten/beanatlas/Country%20Pages--withGIS/Guatemala/1.Guatemala.Index.Page.htm
https://www.msu.edu/~bernsten/beanatlas/Country%20Pages--withGIS/Guatemala/1.Guatemala.Index.Page.htm

environmental factors (e.g., temperatui the coldest and warmest month, and precipitation the
wet and dry quartersjHijmans et al. 2004). SeeTable6 for acomplete list of variableased

In order tocarry outa clusteranalysis with 19 bioclimaticariables we conducted the followingsteps:
(1) we performed aPrincipal Component Analysis (P@A)educe the dimensionality of the original data
(Biolc¢ Biol9) to a small number of dimensions (new variablelile losingas little information as
possille. The new variablegalled principal components or factdrswhichare independent of each
other, are a linear combination of the original variables and rethose characteristics of the original
data set that contribute most to its variance. As theieno definite rule on the number of principal
components that must be retained, we usedhumber of variableghat explairs at least 90% of the
original total variance to ensure the cumulative proportio?). Each selecteBCAcomponentwasthen
weightedby the value of the portion of variance explained by eagimponentto reflectthe importance
of the new calculated values3) Based on the values obtained in the previous step, we performed a
cluster analysisto generate groups with asiuch similarityas possible using thEuclidean distancas a
measure of similarity.4) To determine the number of selected groypge used the statistical method
CalinskiHarabaszpseudoFindex

Table6: Bioclimatic variables usédr the cluste analysis

ID Variable name Unit
Biol Annual mean temperature °C
Bio2 Mean diurnal temperature range °C
Bio3 Isothermality N/A N/A
Bio4 Temperature seasonality (standard deviation) °C
Bio5 Maximum temperature of warmest month °C
Bio6 Minimum temperature of coldest month °C
Bio7 Temperature annual range °C
Bio8 Mean temperature of wettest quarter °C
Bio9 Mean temperature of driest quarter °C
Biol0 Mean temperature of warmest quarter °C
Bioll Meantemperature of coldest quarter °C
Biol2 Annual precipitation mm
Biol3 Precipitation of wettest month mm
Biol4 Precipitation of driest month mm
Biol5 Precipitation seasonality (coefficient of variation) %
Biol6 Precipitation of wettest quarter mm
Biol7 Precipitation of driest quarter mm
Bio18 Precipitation of warmestuarter mm
Bio19 Precipitation of coldest quarter mm

In the Kdppen climate classification map (Peel et al. 2007) Central America is characteriaezk by
main climate zoneggure3).
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Figure3: Kdppen climate classification mégy Central and South Ameri¢ddppenl936 Source: Peel et al. 2G)

The topical rainforest climate (Af) @snot have a dry seaseand all months have mean precipitation

of at least 60 mm. It is typically hot and wet throughout the yeamd rainfall is both heavy and
frequent. The tropical monsoon climate (Anmastemperatures above 18°{D every month and feature

wet and dry seasorA pronounced dry seasonfidlowed by a sustained period of extraordinary rainfall

up to 1,000 mm of precipitation is observed per month for two or more consecutive montigl, the

tropical savanna climate (Aw) features distinct wet and dry seasoreadivelyequal duration. Most of

GKS NBIA2YyQa lyydzZdt NIAYyFILEf Ad SELSNASYOSR RdzNAyY
the dry seasonFurthermore for Guatemalalso a humid subtropical climate (Cwa) and a dry (arid and
semiarid) climate (Bw) was characterized by Koppen. The Cwa climate zone is characterized by hot,
humid summers and generally mild to cool winters and the Bw climate has less annual precipitdtion an

is also classified as desert climate.

5.3.2 EcoCropmodel

To determinepotential suitableareasfor beans within the study areave used a spatial model based on
the FAGEcoCropdatabase (FAO 2000). The basic mechanistic mdtQrop uses environmental
ranges as inputs to determine the main niche of a crop and then produces a suitability irbeX) (@s
output. The model was originally developed by Hijmans et al. (2001) and n&ewdrop Later the
model was implemented in Div@lSsoftware (Hijman®t al. 200%). The model predicts crop climate
suitability where no prior knowledge or data are availaBleoCropses minimum, maximum, and mean
monthly temperatures, total monthly rainfalknd length of growth periogseeEcoCropnodel in Figure
4). We calibrated the crop parameters by statistically finding the correct ecologicahpéees following
the method ofRamirezVillegaset al. (2011) in the FAO database with expert knowledg®ize and
bean breedersyathered from thecompiled literature. Based on this informatiome generated random
evidence sample points to recalculate the environmental factors by dividing themisdrete constant
value ranges, and predict current crop climatgtability based otthe current crop distribution.
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Figure4: Functionalprincipleof the EcoCropnodel

5.4 Prediction of future crop growth and production

To predictchanges in crop physiology and changes in yields caused by climate chengsed the
Decision Support foAgrotechnologyTransfer (DSSAT) as cropping system mdd8ISAT is a widely
tested series of simulation models that incorporates detailed undeditan of crop physiology,
biochemistry, agronomy, and soil science to simulate performance of the main food crops, as well as
pastures and fallowgJones and Thorntod993 Jones et al. 2003Besides other parametef©SSAT
requires daily weather datéor the crop development cyclédarkSm was selectednd used to simulate

daily weather data for the study arg¢blartkamp et al. 2003)

5.4.1 DSSAT Decision Support System foAgro-technology Transfer

In order b predict fuure crop growth and production, he DSSA model usesthe detailed
understanding of crop biochemistry, physiology and agronomy to simulate crop water balance,
photosynthesis, growth and development on a daily time stiprequires input of the soil water
characteristics and genetic coefficiertthe crop cultivar, plus any relevant agronomic inputs such as
fertilizer and irrigation, together witlthe daily maximum and minimum temperateir rainfall and solar
radiation(see DSSAT Scheméd-igureb).
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In the tropics there is a lack of good daily weather data. Weather stationaerand farapart, and the
length and reliability of the record is sometimes rastrequired Interpolated monthly mean climate
surfaces are of great use someother applications but fall short where daily weather is requjraslin
DSSAT. Alstuture predictions a output of Global Climate Models (GCM) are only available as monthly

meanat the moment

MarkSim(Jones and Thorntgnl993 is a thirdorder Markov daily weather generator that obtains
parameters from climate clusters of interpolated surfaces. This generator was specifically developed to
generate precipitation data for tropical regiorigarkSim is designed to fill ¢hgapby simulating déy

rainfall from monthly climate surfacesThe weather generator MarkSinnterpolates a multi
dimensional weather surface based on observed data frgg@@® stations in the tropics and subtropics.

The routine uses these data in a thivpdder Markov model @ generate daily dataf maximum and
minimum temperatures, rainfall and solar radiation for as many years as the user requires.

In order © process thehigh amount of daily weather data necessary for the study area (99 x daily
weather data for current, 2*@ models(2020s, 205&)for each pixe(5- km resolutior) in 4 countries we
needed to automate this step by batecprocessing. We thereformodified the code of Markf 1.0 to
MarkSim 1.2 as a compiled executable file. The code has been changed to rdracaenbyance of
MarkSim 10 producing occasional data with tmaxsin. When this occurs, MarkSiin2 substitutes the
values tmax and tmin witthe mean maximum anthe mean minimum for the month within which the
day in question occurseeFigureo).
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Considering that fothe 5- km resolution (2.5 areminutes) we would haveto generate 99MarkSim
samplesfor 17,800 points within the study areand then run DSSAT f8trtrials for each point with
climate input data for current climate, 19 G&kdér 2020 and 19 for 2050, in total 39 cliteanputs for
MarkSIMresults inmore than 549 billion DSSAT simulatiofi@king into account thatnaaverage
processortakes one and a halfinutes for eachbatchprocessedsimulation it would still take a lot
more time as available in this project. Weherefore decided to use average climate from 19 GCM
ensembles as input datato MarkSim in a first step and run the model again after selecting areas for
vulnerabilityanalysis (identifiedhrough sociceconomicanalysisf focusareas.

We took into consideration torun the entire modelling on availableerverclusters witha modified
DSSAT application for an opsource environment, butouldonly achievethe goal partiallyby running
maize with previous processed daily climate dayaisingthe modified Mark$n batch-processing.

For future large area simulationsre would recommendransact DSSAT am servercluster, possibly
using clouecomputing to gain more flexibility on triaduns, resolution and the possibilitp use GCM
ensembledfor various climate scenarios.

5.4.2 Uncertainty using GCM for future yield prediction with DSSAT

Availability ofhigh-quality and less uncertain climate predictions is less likélthe current state of
science. GCMs do not provide realistic representations of alincanditions in a particular site, but
rather provide estimated conditionfor a large scaleRamireVillegas and Challinor (2012) state that
climate model outputs cannot bmputted directly into plotscale agriculture models, but support the
idea that higher resolution climate modelling largely improves results and can be adequately used if: (1)
scales between models are matched, (2) skill of models Esg&ssand ways to create robust model
ensembles are defined, (3) uncertainty and madgbread are quantified in a robust way, and4j
decisionmaking in the context of uncertainty is fully understood (Ramirélegas and Challinor 2012).

Therefore i is very important to addresthe uncertainty of climate prediction modelssed Jarvis et al.
(2012) state that impact assessment methods are sensitive to uncertainties and asdbssalighate-
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inherent uncertainty in climate change impact assessment projects explicitly ethailsisage of
different GCMs.

Toconsiderclimateinherent uncertaintywe used 19 different GCMs in our study in a second ruhef
DSSAT model (asentioned above). In this runwe expanded a 15km buffer around municipalities
where we conductedhe participatory workshopdor sociceconomicimpact assessment durinthe

field work and used the same (downscaledk® resolution for each model. To accodat uncertainty,

we plotted standard deviationand the individual GCM predicted changes we used as input data for
DSSAT (via MarkSim). Producing 19 vyield predictions &ifuture with DSSAT (fahe 2020s and
2050), we calculated the changef yield (compared to current yieldesults using climate baseline
WorldClim) for each GCM. As final maps to show uncertainty of DSSAT modelling using future climate
predictions we produced on pixel basis:i) the changeof the ensemble meaniif the percentile rank
using first quartile (28 percentile) and third quartile (75percentile), andiij) the agreement among 19
DSSAT models calculated as percentage of models predidiagges in the same direction as the
average of all models at a given location.

5.4.3 Bearsfield trials to calibrate DSSAT model

In addition, field trials (see example site in Figure 7) with recently introduced bean varieties showing

higher drought tolerancevere conducted in order to obtain calibration data sets for more precise
predictions in a second run of DSSAT. In the field trials we established 10 varieties in 5 countries
(Nicaragua, Guatemala, Honduras, El Salvador and Costa Rica) in order to olysimlogical

information of each of the varieties to calibrate the DSSAT software. The calibrated varieties were run
T2NJ GKS aridsSa NBtSgryd G2 GKS LINRP2SOG® ¢KS dzaSR ¢
w222£3 YR G¢N20AYITYy SHENR YT poéA CFN-BAdgt T aL/ ¢! haddz ¢ |
DdzF GSYIFfFT a.!' ¢ onné 2NAIAYIFIGAY3I FNBY /2ail wAOIl T
originating from CIAT, Colombia. In every country the trials were conducted dependthg awailable

time and resources. All trials were organized as homogeneous as possible to minimize information bias

o
N
.

AR AR

Figure7: Example o# field trial (Esteli Nicaragua
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3.4.4 Predict maize yields with DSSAT

The naize DSSAT model runs were performed at the High Performance Cluster (HPC) of the Global
Futures (GF)project hostedat the International Livestock Research Institute (ILRI) in Nairobi. The
hardware had been purchased for modeling work for Glebal Futues GB project, which is dedicated

to estimating global impact of climate change on the most important food commodities. Due to the high
relevance of the TOR project for the goals of the GF progecess to hardware and input from experts
wasgiven. TheHP cluster can run 48 parallel DSSAT sessions on 12 computing nodes each having a quad
core processor. After the climate data on current conditions and future predictions (ensembles of 19
models for emission scenario A2 for 2020 and 2050) for the fountdes had been generated by CIAT

in DSSAT format, they were transferred via ftp to the clystied a member of the Bproject at IFPRI
performed the runs. Results were then shared and utilized focthentry-wide andfocusareaanalyses.

For the model uns themselvesthe same two generic soil types selected and utilized by CIAT to
represent good (good case scenario) and poor soil (worst case scenario) conditions were asilizet

as an adjusted improved maize variety from the DSSAdbdsewhich had been utilized peviously in

the project region.

5.5 ldentification of impactfocusareas

To characterize the different adaptation strategie=eded,we used the quantified impact on maize and
bears productionyieldsanalyzed by DSSAT and identifiedusareasfor different adaptation scenarios
across countries.

5.5.1 Areas where maizebean systems are no longer an option Hot-Spots

Areas where current production volume is declining by more than 50% in 2020 or 2050 (for maize or
beans), farmers need a focus diversification of their livelihoods. The actual grown crop might not be
economically feasible anymore for this area in the future and strategies need to take into account
diversification to other crops as currently produced, increasedfasfh income andexit from the
agriculture sector

5.5.2 Areas where maizebean systems can be adaptegdAdaptation Areas

In these areas yield loss for the future is between 25% and up to 50% of current yields (kg/ha) of at least
one of the crops (maize or beans). Farmers in ¢hawas will face decreasing production predicted for
2020 and on a lonterm even more drastic until 2050. Through technical and agronomic management
adjustments the crop can still be grown in these areas. Furthermore, through early adaptation strategies
there might be even an opportunity for certain sites to gain from climate change on atshortby
achieving a competitive advantage on fast implementation of measures. But they need concrete
adaptation strategies for their existing maize and beans prodncsystems to start today with the
implementation of measures to ensure foo@nd income security for the future. Further future climate
change impacts can be alleviated by starting on mitigation measures as well
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5.5.3 Areas where maizebean systems will be eablished z Pressure Areas

SoO | t pré&sBuredreas are locations witrconditionsfavorable for maizer bears productionin the
future. These sites are under thretitrough possiblemigration andmostly locatedin forest areasand
naturalreservesandare close to the current agriculterfrontier. The identification opressureareasis
highly importantfor national and regional decisianakers to protect these areas. Pressareaswere
not shown to farmers in field workshops to avoid misuse of infdioma

We followed thebelow describedsteps to identify hofspots, adaptation and pressurareasin the four
countries

1 We used the complied information on beans and maize as basic information where both crops
in each country are produced. We thealculated the Kernel density (Silverman 1986) for these
sites to obtain most important production areas as polygons with high density of registered
production sites.

1 Land use is an indicator for availability of land for agricultural production. To cenfmest
from future agriculture migration different landse categories need to be set as restrictions for
land-use change. We used different lande layers for each country depending on available
data resources from data compilation. In some countries eould obtain national landse
layers, e.g. in 1:50,000 magzales, in others we used the Global land cover with 30 seconds grid
(around 1km) resolution (Global land cover 2000 database).

1 We verified outcomes of both crop models (EcoCrop and DSSADyipitiance of results.

1 Next we mapped absolute (kg/ha loss) and relative yield (% vyield loss) change within potential
productions areas

1 And detected patterns of adjoining (5 kilometer) pixels with the same magnitude of impact

91 Finallyresulting lot-spots were classified as polygons in the 3 categories

5.6 Prediction of socio-economic impacts and focus area vulnerability
analyses

In order to gather the necessary information to estimate the vulnerability index at the selectezpbbt

level field interventions wex developed in two stages. The first stage implemented Focal Group
assessments at each focus area with the main objective of collecting information on four general aspects
of the focus area: main agriculture activities and trends, main sources of fooh@mae, stock of types

of capital and a general perception of communal future strengths and threats. The information was used
to characterize the focus areas and to adjust the questionnaire to be used in the survey. The second
stage comprised a survey airin level which was carried out to collect more detailed information on
the household level in each focus area.

Both instruments were carried out during October 2011 and February 2012 once the focus areas for
beans and maize were identified through the Ipioysical models of potential impacts on productivity.

All the activities were carried out by the CIMMYT and CIAT -egoiocomic teams with the support of
national collaborators in each of the four countries. Table 7 present the chronogram of fieldiestagt

well as the name and institution of the national collaborator

30



Table7: Chronogram of field activities and national collaborators

Activity Country/Focus areas Date National Collaborator Name/Institution
Nicaragua: December 13¢ 16" 2011 | Edwin Vasquez (INTA)
La Hormiga, Félix Miranda (CRS)
San Dionisio y Edwin Lopez (Alcaldia de Totogalpa)
Totogalpa

Focal Groups (3 i Honduras: November25" - December| Danilo Escoto (DICTA)

Nicaragua and 4 Alauca, 6" 2011

in El Salvador ang Jamastran,
Honduras) Orica y
Yorito.

El Salvador:
Candelaria,
Las Mesas, November 28 ¢ 30" 2011 | Aldemaro Clara (CENTA)
San Felipe y San Rafael

Survey test Nicaragua November 12-1770)
Nicaragua:
La Hormiga,
San Dionisio y

Edwin Vasquez (INTA)

February 2 - March 1%’ Félix Miranda (CRS)

Totogalpa 2012 Edwin Lépez (Alcaldia de Totogalpa)
Honduras:
Alauca,
Field survey / Jamastran, ;Si’;“ary 18 ¢ March 12" | 1 o scoto (DICTA)
questionnaire Orica
(220 in each
country) El Salvador:
Candelaria, February 8 ¢ March 1¢’
San Felipe y 2012 Aldemaro Clara (CENTA)
San Rafael
Guatemala:
Ipala February 28 ¢ March 2¢’ . .
San Manuel de Chaparron 2012 Y ¢ Julio Cesar Villa Toro (ICTA)
Patzicia

As a first stepn assessing vulnerabilitwe estimatedthe impactof climate change on maize and bean
productivity. This was done at the aggregate level (at the department [the equivalent of a state in
Central America] and country level), and at a disaggregate el areaand/or household level)

5.6.1 Impacton yield distribution at the aggregatelevel

Assuming a normal distribution for maize and bgagwoductivity (Just and Weninger 1999%we
estimated the yield distribution for the base year (2000) &mdthe targetyears (202Gs) at the country
level as the weighted average of the yields the department level with the weight$eing the
importance of the area cropped with beaasdmaize in the department:

Y= ai*Y
]

Where Y is arandom variablenormally distributed representing maizsears yield at the department j;
a; is the relative importance ofhe maizebeansarea cropped in department j; and, Ys a random
variable representing maizgearsyield at the country level.
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Potential yield lossvas estimated using

YL =(Y20 -Yoo)/ Yoo
where Y|, represents the change in maibears productivity by 2020 relative to 2000.

To estimateyield distributionand potential yield lossa Monte Carlo simulation was run using the @Risk
v. 5.7 softwargrogram(Palisade)

5.6.2 Impact at the disaggregate level

Out of four focus areas selected in each country for the implementation of the Focal Groups, three of
them were selected for the implementation of surveys at farm level. The selection was madeitading
account representativeness in terms of production of maize or beans, as well as the availability of
resources and logistical support. The implementation of surveys was coordinated by the CGIMYT
team and its implementation in the field was condedtby national teams previously trained for this
purpose. A head of national teams was in charge of the data compilation.

Surveys were applied to 40 producers of maize or beans in arsewhdm approach for a total of 480
observations. Semandom means tht data collector went to villages within the focaseasand
guestioned producers as they found them. Table 7 presents a list of &measwhere the surveys were
conducted in each country as well as the name of the Coordinator of the national teamhand t
institution to which it belongs.

The survey information is primarily aimed at the estimation of the vulnerability index of the household,
which is composed of three composite indices: 1) kel of exposure of the maidgears cropping

system to change caused by climate change, 2) The level of sensitivity of the household to the change

in maizebears production, and 3) the resilience or adaptive capacity of the household. Once estimated

the different components and the vulnerability index of the hod¢hR G A ¢ o0Sf 2va@ay 3 G2
G2¢é oO0xA2 ' KAIKI aféadavdseharactefizédiby theSfeqhdacy Bfcrdance of
household within the different classes of vulnerability.

5.7 Development oflocal adaptation strategies

During the fieldnterventions, especially during focal group discussions, we tried to generate ideas from
participants as to which degree adaptation would be possible and how this adaptation activities would
look like. Ideas where collected and incorporated into our allestrategy for the project region
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6 Results

6.1 Downscaled global and regional climate models

After downscaling of global climate models to local level we extracted 19 bioclimatic variables from
current and future (202§ 205@) climate data and generatedgeneral climate change description for

each country in the study area. As we can see in Figure 8, Figure 9, Figure 10, and Figure 11,
precipitation (bars in the chart) will be low or even lower in the first 4 months of the year which is the
typical dry sason in the region. For the month of May (planting time) we predict no significant changes

in precipitation although there is a tendency towards reduction in all 4 countries. For the important
month of June (establishment and early development of maizeyeeea reduction of rainfall followed

o0& | Y2NB &4SOSNB IyR SEGSYRSR RNER &Ltttz (KS &z
Lidzd G Ay3a GKS FANRG LXFydAy3d aSlazy afl LINKRYSNI ¢ dz
LJ2 & ( NJ dWlis ¢hE masekinmiportant season for beans, there will be less precipitation for the planting
month September. Together with the deficit from the prolonged canicula climate conditions might be
very unfavorable for the establishment of beans especiallyéaswith sandy soils. During the month of
October and November there is a risk of increased rainfall causing flooding similar to the ones
experienced in 2011 with huge damages on agricultural production and infrastructure in Central
America. The water defit is further increased through the increase of the minimum, mean and
maximum temperature (see lines in charts). Higher temperatures cause higher evapotranspiration rates

of plants triggering soil water deficits and heat stresses. High temperature strespecially high night

time temperatures (> 18 °C) and drought conditions have substantial effects on biomass production and
reproductive stages of maize and bean plants. We can resume that in the future there will be higher
mean temperatures (around +1°By 2020 and + 2°C by 2050), higher minimum and maximum
temperatures and an increasing water deficit due to less precipitation and higher evapotranspiration.
Since a statistical test (Tukey 1977) for downscaled climate data for the region detected 2 models
AAIYATFAOLIYyGfe RAFFSNBYU FNRBY 20KSNE 0a0OONWoOYHUYnN
data), the respective models were not included in results of climate characteristics and first-DSSAT
analysisrun.
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6.2 (dimate characteristicsand predicted uture changes

6.2.1 Nicaragua

Average Changes in Monthly Climate by 2020 and 2050 for Nicaragua

based on 19 GCM Models from 4th (2007) IPCC assessment, A2 scenario (business as usual)
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Figure8: Climate change predictions for Nicaragua

General climatic characteristics

1 Rainfall decreases from 2283 to 2186nin 205Q passing through 223¢min 2020

1 Temperatures increase and the averagerease is 2.2 S@assing through an increment of 1 °C in 2020
1 The mean daily temperature range increases from 9.2 °C to 9.6 °C in 2050

I The maximum number of cumulative dry montteepsconstantin 4 months

Extreme conditions

1 The maximum temperature dhe year increases from 31.7 °C to 34.1 fbile the warmest quarter gets
hotter by 2.2 °C in 2050

1 The minimum temperature of the year increases from 18.9 °C to 20.8/Rie the coldest quarter gets
hotter by 2.1 °C in 2050

1 The wettest month gets driewith 371 mm instead of 382mm of rain while the wettest quarter gets
drier by 47 mm in 2050

1 The driest month gets driewith 34 mm instead of 35mm, while the driest quarter gets drier by 1 mm in
2050
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Climateseasonality

1 Overall this climate becomanore seasonal in terms of variability through the year in temperature and
more seasonal in precipitation

Variability between models

The coefficient of variation of temperature predictions between models is 2.5%
Temperature predictions were uniform betweemodels and thus no outliers were detected
The coefficient of variation of precipitation predictions between models is 7.9%
Precipitation predictions were uniform between models and thus no outliers were detected

=A =4 =4 =4

6.2.2 Honduras

Average Changes in Monthly Climate by 2020 and 2050 for Honduras

based on 19 GCM Modeis from 4th (2007) IPCC assessment, A2 scenario (business as usual)
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Figure9: Climate changeredictions for Honduras

General climatic characteristics

Rainfall decreases from 1738mto 1653mmin 205Q passing through 1698min 2020

Temperatures increase and the average increase is 238%3ing through an increment of 1.C 9n 2020
The mean daily temperature range increases from 10.4 °C to 10.7 °C in 2050

The maximum number of cumulative dry months decreases from 5 monthsntondhs

= =4 =4 =4
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Extreme conditions

|l

The maximum temperature of the year increases from 31.5 °C to 3wh{e the warmest quarter gets
hotter by 2.4 °C in 2050

The minimum temperature of the year increases from 16.2 °C to 18.Wwh{le the coldest quarter gets
hotter by 2 °C in 2050

The wettest month gets driewith 272mm instead of 275mm, while the wetest quarter gets drier by 24
mm in 2050

The driest month gets driewith 30 mm instead of 35mm, while the driest quarter gets drier by 9 mm in
2050

Climateseasonality

|l

Overallthis climate becomes more seasonal in termsvafiability througlout the yea in temperature
and moreseasonal in precipitation

Variability between models

[ G R e

6.2.3

The coefficient of variation of temperature predictions between models is 3%
Temperature predictions were uniform between models and thus no outliers were detected
The coefficiat of variation of precipitation predictions between models is 9.2%
Precipitation predictions were uniform between models and thus no outliers were detected
El Salvador
Average Changes in Monthly Climate by 2020 and 2050 for El Salvador
based on 19 GCM Models from 4th (2007) IPCC assessment, A2 scenario (business as usual)
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FigurelO: Climate change predictions for El Salvador
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General climatic characteristics

f
il
il
f

Rainfall decreases from 183@imto 1773mmin 205Q passing through 181&min 2020

Temperatures increase and the average increase is 22a%3ing through an increment of 1.1 °C in 2020
The mean daily temperature rangecreases from 12.2 °C to 12.7 °C in 2050

The maximum number of cumulative dry months decreases from 6 monthsntonghs

Extreme conditions

|l

The maximum temperature of the year increases from 32.7 °C to 35.8Ki@ the warmest quarter gets
hotter by 2.3°C in 2050

The minimum temperature of the year increases from 16.6 °C to 18.4vA{le the coldest quarter gets
hotter by 2 °C in 2050

The wettest month gets drier with 37hm instead of 373nm, while the wettest quarter gets drier by 18
mm in 2050

The diest month gets drier with Znm instead of 3mm, while the driest quarter gets drier by 3 mm in
2050

Climateseasonality

il

Overallthis climate becomes more seasonal in terms of variabthtypugh the yearin temperature and
more seasonal in precipitation

Variability between models

= =4 =4 =4

The coefficient of variation of temperature predictions between models is 2.6%
Temperature predictions were uniform between models and thus no outliers were detected
The coefficient of variation of precipitation predictionstween models is 9.1%

Precipitation predictions were uniform between models and thus no outliers were detected
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6.2.4 Guatenala

Average Changes in Monthly Climate by 2020 and 2050 for Guatemala

based on 19 GCM Models from 4th {2007) IPCC assessment, A2 scenario (business as usual)
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Figurell: Climate change predictions for Guatemala

General climatic characteristics

Rainfall decreases ém 1998mmto 1938mmin 205Q passing through 196&min 2020

Temperatures increase and the average increase is 2da&3sing through an increment of 1.1 °C in 2020
The mean daily temperature range increases from 10.1 °C to 10.8 °C in 2050

The maximum amber of cumulative dry months decreases from 5 months tchths

= =4 =4 =4

Extreme conditions

1 The maximum temperature of the year increases from 30.2 °C to 33.2Ki® the warmest quarter gets
hotter by 2.6 °C in 2050

1 The minimum temperature of the yeancreases from 15.4 °C to 17 °@hile the coldest quarter gets
hotter by 2 °C in 2050

1 The wettest month gets wetter with 34mm instead of 345mm, while the wettest quarter gets drier by 9
mm in 2050

1 The driest month gets drier with 3®m instead of 37mm, while the driest quarter gets drier by 11 mm in
2050

Climateseasonality

1 Overallthis climate becomes more seasonal in terms of variability through the yewmperature and

more seasonal in precipitation
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Variability between models

The coefficient ofrariation of temperature predictions between models is 3.2%
Temperature predictions were uniform between models and thus no outliers were detected
The coefficient of variation of precipitation predictions between models is 7.9%
Precipitation predictions we uniform between models and thus no outliers were detected

=A =4 =4 =4

6.3 Climate clusterand potential areas ofbeanand maizewith EcoCrop

6.3.1 Climatecluster

Climate Clusters

| 4

L_E
2

R

Figurel2: Result of cluster analysis using 19 bioclimatic variables

Results ofcluster analysis show that the 4 different clusters match to the climate classification of
Kdppen. Obtained Cluster 1 is congruent to Af (tropical rainforest climate), Cluster 2 would be Am
(tropical monsoon climate), Cluster 3 would be Cwa (humid sultabmilimate) and Bw (dry, arid and
semiarid climate), and Cluster 4 corresponds to the Aw (tropical savanna climate). We can summarize
that the bioclimatic variables used for the following {gbysical and crop physiological methods are
confirmed to be adguate for the study area
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6.3.2 Potential suitable areasof beanswith EcoCrop

EcoCrop was calibrated to common bedhdseolus vulgarik.), taking into account parameters of
elevation and climate (temperature and precipitation) as follows:

W Nicaragua: land wsmap and optimal heights above sea level for cultivating; commonly used as
INTA Esteli in Nicaragua, INTA red (IICA 2009), elevation between 100 and 1500 meters.

W Honduras: land use map and optimal heights above sea level for cultivating; commonlysused a
DICTA 113, DICTA 122, Tio Canela, Don Silvio, y Dorado (DICTA 2004), elevation between 100 and 1500
meters.

W El Salvador: land use map and optimal heights above sea level for cultivating; commonly used as
CENTA 2000, CENTA San Andrés y CENTA Pipd@B&) elevation between 100 and 1500 meters.

w Guatemala: land use map and optimal heights above sea level for cultivating; commonly used as
ICTA Ligero, ICTA Ostla, ICTA Texel, ICTA Hunapu y ICTA Altense (IICA 2008b), elevation between 100
and 2300 megrs.

After calibrating the models experts in each country were consulted to confirm the potential distribution

of current suitable areas (Figure 13) in each country before projecting to future climate models (Figure

14 and Figure 15)The following expert©®2 Y FTANY SR 2 dzNJ G OdzZNNBy i &@BEA G 0 A f .
Salvador), Juan Carlos Rosas (Zamorano, Honduras), Aurelio Llano (Nicaragu&@nbaaido Aldana
(Guatemala)Roger Urbina (Nicaragua).

Results from EcoCrop modeling show that potential clinsatitable areas will decrease for beans in
Central America. As EcoCrop only takes into account climate variables as temperature and precipitation
ranges of mean values, these results serve only for a first estimate of potential impacts for bean
productionsystems in the region.

In the case of maize suitability according to the outputs of the EcoCrop model will also decrease
throughout the region. For Honduras (Figure 16) most of the country area showed slight reductions in
suitability as well as some areagere conditions will improve, mainly highland areas where rising
temperatures will allow shorter maturity varieties. Some areas in the South East would lose considerably
concerning suitability, this area already being in the marginal dry belt.

For Guatemk (Figure 17) most of the country area showed slight reductions in suitability as well as
some areas where conditions will improve, mainly highland areas where rising temperatures will allow
shorter maturity varieties. A decrease in suitability implieattthe monthly rainfall and temperature
conditions needed for maize cultivation become more marginal. An increase implies that conditions
become more apt for producing maize or other crops. A decrease in rainfall or rising temperatures does
not necessarilynean that suitability will decrease. In many areas with high rainfall conditions for maize,
cultivation can actually improve as humidity and related pests and diseases diminish. Likewise rising
temperatures allow certain crops to be produced in areas weve temperatures reduced suitability
before.
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With regard to El Salvador and Nicaragua, the EcoCrop model showed no significant changes for maize
which is likely due to the wide adaptation of maize to a range of climates. Since EcoCrop takes only
climate mrameters into account, sedlimate interactions seem to be the important factors to be
analyzed. DSSAT which includes soil parameters will therefore highlight these interactions.

Central

ca: Potential production areas for beans (current)

¢ ’ @

>
Caribbean Ses

Pacific Ocean

Figurel3: Qurrent potential suitableareasfor beans
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Figurel4: Potential suitableareasfor bears by2020

Figurel5: Potential suitableareasfor bears by2050
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Figurel6: Suitability changes for maizoduction in Hondurasomparing current long term climate conditions with the

predicted conditions during the 205@®uitability is ranked according to the FAO CIAT EcoCrop methodology where a score of

100 80 is Excellent, 861 Very Suitable, 681 Suiable, 4021 Marginal, 261 Very Marginal and 0 Not suited

Figurel?: Suitability changes (EcoCrop) for mgizeduction in Guatemalaomparing current long term climate conditiongiwi

those predicted for the2050s
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6.4 Quantified impacts on bean production systems

6.4.1 Impact on bean production systems simulated by DSSAflrst analysis run)

We ran DSSAT with availablean varietycalibration setsZ fertilizer levels2 varieties,2 soils, common
smallholder conditions and managemend) simulate current average yiedénd future expected yield.

Results for current yields were growptdoofed through expert consultation throughout the region.

Planting date:Between 1% of April and 3 of June
Variety 1:1B0006 ICT®stua

Variety 2:1B0020 BAT1289

Soil 1:1BO0000005 (generic medium silty loam)
Soil 2:1B00000008 (generic medium sandgrig)
Fertilizer 1:64 kg/hal2-30-0

6 to 10 days after germinatioand 64kg/haUrea
(46% Nat 22 to 25 days after germination.
Fertilizer 2:128 kg/hal8-46-0

Fertilizer applicatiorat plantingand 64 kg/hdUrea22
to 30 days after germination.

S— Fertilzer 1.
R e
Variaty 1.
Fertilzer 1.
S0il 2.
Fartilizer 2.
- Fortilizer 3.
Il SollL 0
.
Fertilizer 1.

Il ey ]

Trial &,
Trial 3.
Trisl 5.
Trial 7.
Trial 2
Triala.
Trial 6.

Trial®

Figurel8: Eight different DSSAT trials

6.4.2 DSSAT result$or 8 trial simulations

As shown on the followingmaps there are areas where yields will decrease dramaticaillyereas
others are improving their production potential. Thalreadydescribed changes in climatonditions
and their interactions with other locatiospecific conditions determine crop productiokleat and
drought stress and high night temperatures are the main culprits for these results. This is broadly

sustained by scientific evidence.

Table8: Comparison of DSS&RI yieldsimulations

kg/ha Mean yield 2000 % yield losby 2020 % yield losby 2050
trial 1 611 13 21
trial 3 779 14 22
trial 5 533 10 16
trial 7 689 11 17
trial 2 554 13 21
trial 4 730 14 22
trial 6 484 10 16
trial 8 647 12 18

As presented in Table 8 and Figure 19, average yield is expected to decrease. The decrease is predicted
by all DSSAT trials for 2020 and even more for 2050. Total beans production is reported by FAO (2010) as
476 thousand tons for Nicaragua, Honduras, &V&lor and Guatemala and would be reduced by
changing yield as predicted by DSSAT simulation on an average tihalisand by 2020 and 384
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thousand tons by year 2050, producing in the same areas and under the same agronomic management
conditions.

kg/ha

900
trial1
800 trial 3
trial 5

700
trial 7
628 i
600 — trial 2

— 552

T gy trial4
i 507 trial 6
400 trial 8
= == mean

300

mean yield 2000 mean 2020 mean 2050

Figurel9: Current and future performance of simulated DSSAT vyields

Detailed maps of DSSAT trial results show that impact is quite different on different simutélonns

and the main parameter seems to be fertilizer applicat As we can see in Figures2Btrials 3, 7, 4

FYR y FNB LISNF2N¥AYy3I o0SGGSNI KKy 20KSNAR FyR GKSas$s
128 kg/ha 1846-0 fertilizer application on sowing and 64 kg/ha UREA at 22 to 30 days after ggomina
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'DSSAT beans simulation (kg/ha): trials 1, 3,5 & 7 A
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Figure20: DSSAT yield results: te4l, 3, 5and 7
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. Comunities Mayor-bean-areas

DSSAT beans simulation (kg/ha): trials 2, 4 6& 8

126

Trial 2: current (2000)

,..‘.‘
Aib. ’

Nl .'.

Trial 4: current (2000)

- . sl ]

Trial 8: current (2000)

a

' 0
.

® o i o . b S
L
Sk

2020 |

i ok

Figure21: DSSAT yield results: te&l, 4, 6and 8
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6.4.3 Specific country results (average of8 trials, 1st DSSAT run

The following section showsiaps from the first DSSAT run which cover the entire study area using
ensemble of GCMs and running themribugh MarkSim and DSSéfTa 5 kilometer resolution.

Nicaragua: DSSAT simulated yleid of beans L NEATEN A Nicaragua: DSSAT simulated yieid of beans I ‘
:;:""" Yl ehanol 2020 Relative yield change 2020
2
% v oA
o L7 - 3T
74 - I ”
Y3 50 - 24
&0..28
25.0
28
0-25
0
2%
p— ™ e
e s
o K
| BRI

Figure22: Predicted absolute and relative yield change for Nicaaagy 2020

In Nicaragua highest impact would be expected on the dry corridor (Corredor seco) from Rivas, to
Granada and up to Esteli and Madriz (Figure 22). Building an average of decrease within mayor bean
areas identified throughout Beans Atlas from tbmiversity of Michigan (Mejia et al. 2001), highest
decrease in yield will be expected by the year 20& the department of Rivas48%), followed by
Granada 36%). Using actual production data from last season provided by MAGFOR (2011) a total
production of 140 thousand tons would be reduced by 19,736 tons or 14% by 2020. Highest total impact
in tons ispredicted for Nueva Segovia, Matagalpa and Madriz. Constant or even improved yields are
only predicted for the Atlantic region and Chontales which are traditionally used for Apante production
(Table 9)

Table9: Predicted change dfean productiorby 2020in Nicaraguausing data from MAGFOR and FEBDAT

DSSAT yield DSSAT yield Change Change
Nicaragua Production (ha) Production (t) Yield (kg/ha) mean 2000 STD mean 2020 STD by 2020 (%) by 2020 (t)
BOACO 3,815 1,896 497 533 96 468 130 -12 -231
CARAZO 2,451 1,221 498 585 96 412 180 -30 -361
CHINANDEGA 2,394 1,226 512 599 30 471 78 -21 -263
CHONTALES 3,980 2,998 753 604 22 610 8 1 26
ESTELI 9,413 4,446 472 590 73 479 138 -19 -834
GRANADA 1,577 706 448 566 92 361 179 -36 -256
JINOTEGA 30,748 23,266 757 662 37 640 82 -3 =779
LEON 8,051 3,626 450 513 75 460 51 -10 -371
MADRIZ 7,973 4,643 582 602 73 474 182 -21 -989
MANAGUA 2,323 982 423 487 70 450 100 -8 -75
MASAYA 882 589 668 534 91 443 106 -17 -101
MATAGALAPA 46,818 26,347 563 610 77 577 156 -5 -1,425
NUEVA SEGOVIA 22,696 21,035 927 652 61 568 130 -13 -2,704
RIO SAN JUAN 11,335 5,937 524 627 32 620 28 -1 -62
RIVAS 3,569 1,966 551 402 68 210 118 -48 -941
Atlantico Norte 30,702 19,490 635 635 24 656 31 3 647
Atlantico Sur 30,435 20,600 677 592 35 601 33 1 290
MagFor (2011) 219,164 140,973 -14.0 -19,736
FAO (2010) 216,490 138,448 -19,382
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Figure23: Predicted absolute and relative yiedangefor Honduras by 2020

The dry corridor continues its path up to Honduras and El Parédé6s], Francisco Morazafl9%),

Yoro (24%) (Figure 23). In Sodilest Honduras close to El Salvador border departmiesCholuteca

and Valle £0%) also have expected high impact for the year 2020. Total reduction of 6,058 tons based
on Beans Atlas data from 2004 and 9,596 related to FAO statistics from 2010 would be faced primary in
Olancho, Francisco Morazan, Yoro &ldParaiso; Ocotepeque is the only beans producing department
with an increasing average yield (Table 10).

Tablel0: Predicted changef bean productiorby 2020in Honduras using data from Bes#tlas and FAGSTAT

Yield DSSAT yield DSSAT yield Change Change
Honduras Production (ha) Production (t) (kg/ha) mean 2000  STD mean 2020  STD by 2020 (%) by 2020 (t)
OLANCHO 12,862 8,108 630 601 70 474 101 -21 -1,714
FRANCISCO MORAZAN 13,144 4,826 367 643 48 524 139 -19 -894
YORO 5,679 4,076 718 615 81 466 126 -24 -991
COMAYAGUA 7,074 3,928 555 693 46 621 96 -10 -408
SANTA BARBARA 5,656 3,810 674 666 44 564 137 -15 -580
COPAN 6,119 3,494 571 683 23 642 50 -6 -211
EL PARAISO 11,127 3,175 285 600 93 444 174 -26 -829
LEMPIRA 5,586 2,228 399 675 50 658 56 -3 -59
INTUBUCA 4,607 2,183 474 673 34 662 46 -2 -34
CORTES 2,101 1,656 788 594 97 446 192 -25 -411
CHOLUTECA 4,241 1,335 315 567 118 451 152 -20 -272
LA PAZ 2,291 790 345 643 47 623 101 -3 -25
OCOTEPEQUE 957 527 551 663 58 690 31 4 21
VALLE 441 185 420 623 28 497 53 -20 -37
Bean Atlas (2004) 85,461 43,275 -14.9 -6,058
FAO (2010) 138,189 68,543 -9,596
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