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2 Executive summary

This documentis one of threereports on the methods and results of a consultancy with the title
dt NB RA Griplof & clintiaté hange oncocoa cashew and cottogrowing regions in Ghana and
I 2GS RQL @2 AyEé Intédrayomabdaeiates For Tropical Agriculture (CIAGH the Bill and
Melinda Gates Foundation (BMGH)is report focuses on cocoa bsimmarizes thémpact of climate
change on althree crops inchapter9. It aims to inform the private-public partnership (PPP) project
GAGE SR a/ 2021 [ A@St AK22Ra inpaitieuas utiadsupply chainactorsy R
other sectorsas well

The objetive of the researchvasto generatefuture climate scenarios to predict the irapt of climate
change orthe suitability to growcocoaof the main growing regions of Ghana and CRt@ L @2 A NB

The applied methodologyis based on the combination of current climate data with future climate
change predictions froni9Global Circulation Kdels for2030 and 2&0. The data of the currenand
the future climateswere used as input ttMAXENTa crop prediction model. Thevidencedata used for
MAXENTwere collectedin field missions, shared by partneirs Ghana andCote d'lvoireand from the
literature.

The analysis focused on the speaifigionswhere cocoais currently-grown. Tre study usedpredictions
of the future climate to pedict the suitability of curent cocoagrowing areas to continue growing by
2030 and 2050.

Thecurrent optimum altitude for cocoais 1005250 meters above sea level (mashichwill increase to
450c500 masby 2050 compensatindor the increase in temperaturdue to a climate change

Worldwide, hrgecocoaplantationsare in regions where the mean temperaturanges from22¢25 C
In the cocoagrowing areasof the Brazilian Amazon for exampleemperatures are 22¢30 QDias,
2001),while in Ghanf éocoagrowing regionshey are24¢29 QDormonet al., 2004).


mailto:p.laderach@cgiar.org

The change in suitability as climate change occuaee site-specific. There will be areahat become
unsuitable for cocoglLagunes and Sedomoein Coéte d'lvoir, wherefarmers will need to identify
alternative crops. There will be s that remain suitable for cocphut only when the farmers adapt
their agronomic management to the new conditions the area will experiehbere willalsobe areas
where suitability of cooaincreases Kwahu Plateu, between Eastern and Ashanti region&hand.
Finally, therewill be areas where today no coceagrown but which in the future will become suitable
(18 Montagnesn Céte d'lvoirg. We didnot consider usinghe protected ar@as(such as foresreserves)

as availabldor cocoa cultivationhowever,to avoidpromoting cleaiing forests or invasion ofprotected
areasfor new cocoaareas Climate change brings not only bad news but also a lot of potential
opportunities The winnersvill be those who are prepared for change and know how to adapt.

3 Background and Objectives

We analyzedthe impact of climate change on cocoa production Giana andCéte d'lvoire In

2008/2009 world cocoa production was aboutUS$9 billion (ICCO, 2068) Coastwith 2.4 Mha under

cocoa,and Ghang1.5 Mha) between them produge 02 2 F (G KS ¢ 2 ND0RRa&Enze@O2 | 6 L /
Borgerhoff Mulder2007). Ghana produces higduality cocoa that earns a premium price on the world

market.

Cocoa isn importart cash crogn both countriescontributing 7.5%of GDHn Cote d'lvoireand 3.4% in
Ghana (FAO, 2008} accounts fof70-100% of household income$ cocoa farmersn GhanaNtiamoah

and Afane,2008) Any impact otlimate change on the suitability ta@v cocoa in West Africa witlot
2yt & I T 7T SilhoodslaNdvigonies) buhe national economiess well Half the cocoa in
Ghana andCéte d'lvoireis grown under low shade, which is a sustainable land use practice with
ecological, biological and economics benefits (Asare, 2006).

The International Center for Tropical Agriculture (Cl&dhtracted with theBill and Melinda Gates

Foundation (BMGRY & t NJBte AnPact ofclimate change orthe ccoa, cashewand cottongrowing
rSAA2ya Ay DKI yIThis paper, ong of Biredk @podsdaadaBrith the primary aim of

informinga privateLJdzo f A O LI NI YSNBRAKAL) 0ttAK22ZRNR2SRNB2I3QHdE SR/
cocoa sector in particular, bualso supplychain actors in the other sectors. All three papers are
summarized in Chapter Bhepaperincludes climate predictions, prediction$ crop climate suitability,

anddetailed analyse for thecocoagrowing areas iGhanaand 2 1S RQL@2ANB SO CAITdz2NE mO

The objectiveof this studywere:
To determine which environmental variablésve theclimatesuitability of an area to grow cocpa
To predict the change in climate ftite cocoagrowingareas in Ghana andote d'lvoire and

To predict the impact of progressive climate changettos suitability of the current growing aredn
Ghana andCéte d'lvoireto continue producing cocoa.
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Figurel: Ghana andCote d'lvoirecocoagrowingareasData collectedusing GPS (yellow dot®nd-use
data (orangedots)andexpert knowledgeduringthe summit(green dots)

4 Methodology

4.a Current climate

For thecurrent climate (baseline) we used historical climate data fremw.worldclim.orgdatabase
(Hijmanset al, 2005). The WorldClim data are generated through interpolation of average monthly
climate data from weather stations on a 30 &®&cond resolution grid (often referred to as "1 km"
resolution). Variables included are monthly total precipitation, and mbntmean, minimum and
maximum temperature, and 19 bioclimatic variables (Hijmetral., 2005).

Bioclimatic variables

Within the WorldClim database, there are bioclimatic variables that were derived from the monthly
temperature and rainfall values to genéeamore biologically meaningful variables, which are often

used in ecological niche modeling (e.g., BIOCLIM, GARP). The bioclimatic variables represent annual
trends (e.g., mean annual temperature, annual precipitatios@asonality (e.g., annual range in
temperature and precipitation) and extreme or limiting environmental factors (e.g., temperature of the
coldest and warmest month, and precipitation of the wettest and driest qualters

LA quarter is a period of three months (1/4 of the year).


../../Livelink/Arbeitsbereich/3D171D3.0/www.worldclim.org

The derived bioclimatic variables are:

Biol = Annual mean temperat

Bio2 = Mean diurnal range (Mean of monthly (max temgn temp))
Bio3 = Isothermality (Bio2/Bio7) (* 100)

Bio4 = Temperature seasonality (standard deviation *100)
Bio5 = Maximum temperature of warmest month

Bio6 = Minimum temperature of coldest month

Bio7 = Temperature annual range (BipBi06)

Bio8 = Mean temperature of wettest quarter

Bio9 = Mean temperature of driest quarter

Bio10 = Mean temperature of warmest quarter

Bioll = Mean temperature of coldest quarter

Bio12 = Annual precipitation

Bio13 =Precipitation of wettest month

Biol4 = Precipitation of driest month

Biol5 = Precipitation seasonality (coefficient of variation)
Bio16 = Precipitation of wettest quarter

Biol7 = Precipitation of driest quarter

Bio18 = Precipitation of warmest quarter

Bio19 = Precipitation of coldest quarter

4.b Future climate

Predictionsof future climate

The Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report was based on the
results of 21 global circulation models (GCMs), produced in a number of specialized atmospheric physics
laboratories around the world. The spatial resolutiontttd GCM results is inappropriate for analyzing

the impacts of climate change on agriculture as in almost all cases the grid cells measure more than 100
km a side. This is especially a problem in heterogeneous landscapes such as highly mountainous areas,
where, in some places, one cell can cover the entire width ofribentainrange.

Downscaling is therefore needed to provide highesolution surfaces of expected future climates if the
likely impacts of climate change on agriculture are to be forecast accurately.The method basically
produces a smoothed (interpolated) surface of changes in climates, which is then applied to the baseline
climate taken from WorldClim. The method assumes that changes in climates are only relevant at coarse
scales, and tharelationships between variables are maintained towards the future (Ramirez and Jarvis,
2010).

CIAT downloaded the data from the Earth System Grid (ESG) data portal and applied the downscaling
method to 19 GCMs for the emission scenario SRE§om thet / / Q& { LISOA £ wSLJ]2 NI
Scenarios (SRES) and for two differendy88r running mean periods (i.e. 2062049 [2030s], 2049

2069 [2050s]). Each dataset (SRES scey@aitd;time-slice comprises 4 variables at a monthly time

step (mean, maximum, miniom temperature, and total precipitation), on a spatial resolution of 30 arc

seconds (Ramirez and Jarvis, 2010).



4.c Crop prediction

Maximum Entropy

Maximum entropy MAXENT is a generapurpose method for making predictions or inferences from
incomplete infornation. The idea is to estimate a target probability distribution by finding the
probability distribution of maximum entropy, subject to a set of constraints that repredbat

incomplete information about the target distribution. The information availableout the target

distribution often presents itself as a set of réal £ dzZSR @ NA | 6f Sasx OIFff SR WFSH
are that the expected value of each feature should match its empirical avelageg@ S NI 3S @I f dzS 7T
of sample points taken®& Y ( KS &I NB S hillipseh &k, 2008).6Sinilak 8 Wdistic regression,
MAXENTweights each environmental variable by a constant. The probability distribution is the sum of

each weighed variable divided by a scaling constant to ensure thaptiedability value ranges fromc0

1. Thealgorithmstarts with a uniform probability distribution and iteratively alters one weight at a time

to maximize the likelihood of reaching the optimum probability distributid®AXENTIs generally

considered to behe most accuratenethod for this sort of analysiglithet al., 2006).

Data collection and model calibration

For thefuture predictions we requird evidence data of current distribution of cocgaoduction The
evidence data was compiled through existidgtabases, maps, expert knowledgend field missions
usinga GlobalPositioning System (GPS). In additime reviewedthe literature to identify main growing
areas for cocodn both countries For some areas the collected data was insufficient to detaentie
spatial distribution of the growing areas and we used land covermnaaps ofpotential land use based
on soil characteristics (Dabin et @960) toidentify current cocoagrowing areas.

Two hundred and hirty-five points were collectedluring dield missionusing GP&nd 59points were
identified through potential land useWe did thisby overlapping the layers of land coverdapotential
land use, plus the opinioraf expertsin the area. We used dotal of 294coordinatesin the analysis.

After sometrial runs of the MAXENTprocedure,we askel local expertsto validate the predictions

(Annex I). Wencorporatedii K S48 SELISNI & Q 2 LIA.yWWe prgséntet! yifesuldENd Yy  a !
cocoa smmit representing thecocoa sector and supply chain (sa@nex Il foithe list of attendees)n

Accra, Ghana on 6 Aprdp11 We incorporated participant’s feedback and reran MAXENT for the final
analysis.

Suitability anges

Climate suitabilityis the levelof cettain climatic characteristics thatletermine which areas have
potential to grow a crop successfully. For twcoastudywe used the bioclimatigariables, calculating
the aiitability ranges from theMAXENTresults which provide suitability estimates 0¢1 for each

variable During the summit, we askieexperts to comment on a map of tHdAXENTestimates by
placing colours according to their own estimates of si@ability of areas for coco@able 1).




Tablel: Categoriesusedfor the map

MAXENTRange Category Colorin map

0¢0.15 Barely No color
0.15¢0.25 Marginal  Orange
0.25¢ 0.35 Good Yellow

0.35¢0.40 Very Good Light green
0.40¢ 0.85 Excellent Green

Spatial estrictions

TheMAXENTRnalyses only includkeclimatic variables, bun the field there are many spatial restrictions

as well, which are natural, such fasest and watembodies andanthropogeni¢ such asirban areasWe
excluded urban and water bodies as well as forested and protected areas as not available for cocoa,
usingthe 300-m resolution FAO land wer map Geonetworl, and shap#les from the world database

on protected areaslCN and UNEZD10)

4.d Measure of confidence

We predicted @iture crop suitability usinggach of the GCId using MAXENTas described aboveWe

computed two measurements of uncertaint{l) The coefficient of variation (CV) amo@g¢M and(2)

the agreement amondglAXENToutputs calculated aghe percentage of models predicting changes in

the samedirection as the average of all models at a given locatida removed from further analysis

lyed D/a GKIFIG RAFFSNBR aAIYyAFAOLyGte | OO0O2NRAYy3I G2

4.e Environmental factors driving change in suitability

We determinedthe relative impotance of different climatic driversusing a forward, stepwise
regression analysis with the suitability shift per data point as the dependent vareatdethe model
average changes in the bioclimatic variables between the present and future as the nuéepe
variables We calculated theelative contributionthat each variablenadeto the total predictedshift in
suitability in terms of the proportion of Bquare explained when each variablas addedto the
regression modelMVe analyzed separatetiata points showing positive and negative shifts in suitability


http://www.fao.org/geonetwork/srv/en/main.home

5 Result I:Climate change sumary of cocoagrowingareas

5.a The summary climateliagramfor all cocoa growing sites in Ghana ai@bte d'lvoire
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Figure2: Climate trend summarfor 2030 and 2050 for sample sit&¥e used 294vidence pointsn the
analysisBlue barshow current an®050precipitation trends and retinesshow the current, 2030 and
2050temperature.

General climatic characteristics

1 Tempeatures increase and the average increase.18Qfor 2050 passing through .2°C in
2030

1 The mean daily temperature range decreases froii®to 90°C in 2050

1 Rainfall decreasesslightly from 1467 millimeters to 1455 millimetersby 2050 passing
through 1466 in 2030The amount of the decrease is so small that it can be safely ignored.

1 The maximum number of cumulative dry months decreases from 4 months to 3 months in
2050

Extreme conditions
1 The mean monthly maximum temperaturéncreases from 33°C to 356°C while the
warmest quarter gets hotter by.2°C in 2050
1 Themean monthlyminimum temperature increases from ZC to 222°C while the coldest
guarter gets hotter by Z°C in 2050




1 Changes in thavettest monthand the wettest quarter are trivial Bmm); and
9 There is no change in the driest month or in the driest quarter.

Climate Seasonality
9 Overallthe climate becomes more seasonal in terms of variability through the year in
temperature andhe seasonality oprecipitationis unchanged.

Variabilitybetween models
1 The coefficient of variation of temperature predictions between models is 3%
9 Temperature predictions were uniform between modelsh no outliers
1 The coefficient of variation of precipitation predictions between models5%G7and
9 Precpitation predictions were uniform between modelgth no outliers

5.b Regional banges in the mean annual precipitatiooy 2030

Figure3: Mean annual precipitation changds/ 2030 accordingnineteen GCMmodels ERES Ador
Ghana andCoéte d'lvoire

Accordingto the SRES scenari®2 (business as usual) there will be small increzesed decreases in
precipitation by 2030 (Figure 3), but given the relatively high annual precipitation in the-goowang
regions of both contries, the changes can be safely ignored.



