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2 Executive summary 

This document is one of three reports on the methods and results of a consultancy with the title 

άtǊŜŘƛŎǘƛƴƎ ǘƘŜ impact of climate change on cocoa, cashew and cotton growing regions in Ghana and 

/ƻǘŜ ŘΩLǾƻƛǊŜέ ŎƻƴŘǳŎǘŜŘ by the International Center for Tropical Agriculture (CIAT) for the Bill and 

Melinda Gates Foundation (BMGF).This report focuses on cocoa but summarizes the impact of climate 

change on all three crops in chapter 9. It aims to inform the private-public partnership (PPP) project 

ǘƛǘƭŜŘ ά/ƻŎƻŀ [ƛǾŜƭƛƘƻƻŘǎ tǊƻƧŜŎǘέ ό/[tύ ŀƴŘ ǘƘŜ ŎƻŎƻŀ ǎŜŎǘƻǊ in particular, but all supply chain actors in 

other sectors as well. 

The objective of the research was to generate future climate scenarios to predict the impact of climate 

change on the suitability to grow cocoa of the main growing regions of Ghana and Cote ŘΩLǾƻƛǊŜ. 

The applied methodology is based on the combination of current climate data with future climate 

change predictions from 19Global Circulation Models for 2030 and 2050. The data of the current and 

the future climates were used as input to MAXENT, a crop prediction model. The evidence data used for 

MAXENT were collected in field missions, shared by partners in Ghana and Côte d'Ivoire and from the 

literature. 

The analysis focused on the specific regions where cocoa is currently-grown. The study used predictions 

of the future climate to predict the suitability of current cocoa-growing areas to continue growing it by 

2030 and 2050.  

The current optimum altitude for cocoa is 100ς250 meters above sea level (masl), which will increase to 

450ς500 masl by 2050, compensating for the increase in temperature due to a climate change. 

Worldwide, large cocoa plantations are in regions where the mean temperature ranges from 22ς25̄ C. 

In the cocoa-growing areas of the Brazilian Amazon for example, temperatures are 22ς30̄ C(Dias, 

2001),while in GhanaΩǎ cocoa-growing regions they are 24ς29̄ C(Dormon et al., 2004). 

mailto:p.laderach@cgiar.org
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The changes in suitability as climate change occurs are site-specific. There will be areas that become 

unsuitable for cocoa (Lagunes and Sud-Comoe in Côte d'Ivoire), where farmers will need to identify 

alternative crops. There will be areas that remain suitable for cocoa, but only when the farmers adapt 

their agronomic management to the new conditions the area will experience. There will also be areas 

where suitability of cocoa increases (Kwahu Plateu, between Eastern and Ashanti regions in Ghana). 

Finally, there will be areas where today no cocoa is grown but which in the future will become suitable 

(18 Montagnes in Côte d'Ivoire). We did not consider using the protected areas (such as forest reserves) 

as available for cocoa cultivation, however, to avoid promoting clearing forests or invasion of protected 

areas for new cocoa areas. Climate change brings not only bad news but also a lot of potential 

opportunities. The winners will be those who are prepared for change and know how to adapt. 

 

3 Background and Objectives 

We analyzed the impact of climate change on cocoa production in Ghana and Côte d'Ivoire. In 

2008/2009 world cocoa production was aboutUS$9 billion (ICCO, 2008). Ivory Coast, with 2.4 Mha under 

cocoa, and Ghana (1.5 Mha) between them produce ро҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŎƻŎƻŀ όL//h, 2008; Franzen and 

Borgerhoff Mulder, 2007). Ghana produces high-quality cocoa that earns a premium price on the world 

market. 

Cocoa is an important cash crop in both countries, contributing 7.5% of GDP in Côte d'Ivoire and 3.4% in 

Ghana (FAO, 2008). It accounts for 70-100% of household incomes of cocoa farmers in Ghana (Ntiamoah 

and Afrane, 2008). Any impact of climate change on the suitability to grow cocoa in West Africa will not 

ƻƴƭȅ ŀŦŦŜŎǘ ŦŀǊƳŜǊǎΩ livelihoods and incomes, but the national economies as well. Half the cocoa in 

Ghana and Côte d'Ivoire is 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 (CIAT) contracted with the Bill and Melinda Gates 

Foundation (BMGF) to άtǊŜŘƛŎt the impact of climate change on the cocoa-, cashew- and cotton-growing 

rŜƎƛƻƴǎ ƛƴ DƘŀƴŀ ŀƴŘ /ƻǘŜ ŘΩLǾƻƛǊŜέ. This paper, one of three, reports on cocoa, with the primary aim of 

informing a private-ǇǳōƭƛŎ ǇŀǊǘƴŜǊǎƘƛǇ όtttύ ǇǊƻƧŜŎǘ ǘƛǘƭŜŘ ά/ƻŎƻŀ [ƛǾŜƭƛƘƻƻŘǎ tǊƻƧŜŎǘέ ό/[tύ ŀƴŘ ǘƘŜ 

cocoa sector in particular, but also supply-chain actors in the other sectors. All three papers are 

summarized in Chapter 9.The paper includes climate predictions, predictions of crop climate suitability, 

and detailed analyses for the cocoa-growing areas in Ghana and /ƻǘŜ ŘΩLǾƻƛǊŜόCƛƎǳǊŜ мύΦ 

The objectives of this study were: 

To determine which environmental variables drive the climate suitability of an area to grow cocoa; 

To predict the change in climate for the cocoa-growing areas in Ghana and Côte d'Ivoire; and 

To predict the impact of progressive climate change on the suitability of the current growing area in 

Ghana and Côte d'Ivoire to continue producing cocoa. 
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Figure 1: Ghana and Côte d'Ivoire cocoa growing-areas.Data collected using GPS (yellow dots), land-use 

data (orange dots) and expert knowledge during the summit (green dots). 

4 Methodology 

4.a Current climate 

For the current climate (baseline) we used historical climate data from www.worldclim.org database 

(Hijmans et al., 2005). The WorldClim data are generated through interpolation of average monthly 

climate data from weather stations on a 30 arc-second resolution grid (often referred to as "1 km" 

resolution). Variables included are monthly total precipitation, and monthly mean, minimum and 

maximum temperature, and 19 bioclimatic variables (Hijmans et al., 2005). 

Bioclimatic variables 

Within the WorldClim database, there are bioclimatic variables that were derived from the monthly 

temperature and rainfall values to generate more 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 precipitation), seasonality (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 quarters1).  

 

                                                           

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

../../Livelink/Arbeitsbereich/3D171D3.0/www.worldclim.org
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The derived bioclimatic variables are:  

Bio1 = Annual mean temperature 

Bio2 = Mean diurnal range (Mean of monthly (max temp - min 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 (Bio5 ς Bi06) 

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 

Bio13 = Precipitation of wettest month 

Bio14 = 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 

4.b Future climate 

Predictions of 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 resolution of the 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 of the mountain range. 

Downscaling is therefore needed to provide higher-resolution surfaces of expected future climates if the 

likely impacts of climate change on agriculture are to be forecast more 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 that relationships between variables are maintained towards the future (Ramírez 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 SRES-A2 from the It//Ωǎ {ǇŜŎƛŀƭ wŜǇƻǊǘ ƻƴ 9Ƴƛǎǎƛƻƴ 

Scenarios (SRES) and for two different 30-year running mean periods (i.e. 2020ς2049 [2030s], 2040ς

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

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

seconds (Ramírez and Jarvis, 2010). 
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4.c Crop prediction 

Maximum Entropy 

Maximum entropy (MAXENT) is a general-purpose method for making predictions or inferences from 

incomplete information. The idea is to estimate a target probability distribution by finding the 

probability distribution of maximum entropy, subject to a set of constraints that represent the 

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

distribution often presents itself as a set of real-ǾŀƭǳŜŘ ǾŀǊƛŀōƭŜǎΣ ŎŀƭƭŜŘ ΨŦŜŀǘǳǊŜǎΩΣ ŀƴŘ ǘƘŜ ŎƻƴǎǘǊŀƛƴǘǎ 

are that the expected value of each feature should match its empirical average -άŀǾŜǊŀƎŜ ǾŀƭǳŜ ŦƻǊ ŀ ǎŜǘ 

of sample points taken frƻƳ ǘƘŜ ǘŀǊƎŜǘ ŘƛǎǘǊƛōǳǘƛƻƴέ(Phillips et al., 2006). Similar to logistic regression, 

MAXENT weights each environmental variable by a constant. The probability distribution is the sum of 

each weighted variable divided by a scaling constant to ensure that the probability value ranges from 0ς

1. The algorithm starts with a uniform probability distribution and iteratively alters one weight at a time 

to maximize the likelihood of reaching the optimum probability distribution. MAXENT is generally 

considered to be the most accurate method for this sort of analysis (Elith et al., 2006). 

Data collection and model calibration 

For the future predictions we required evidence data of current distribution of cocoa production. The 

evidence data was compiled through existing databases, maps, expert knowledge, and field missions 

using a Global Positioning System (GPS). In addition, we reviewed the literature to identify main growing 

areas for cocoa in both countries. For some areas the collected data was insufficient to determine the 

spatial distribution of the growing areas and we used land cover and maps of potential land use based 

on soil characteristics (Dabin et al., 1960) to identify current cocoa-growing areas. 

Two hundred and thirty-five points were collected during afield mission using GPS and 59 points were 

identified through potential land use. We did this by overlapping the layers of land cover and potential 

land use, plus the opinions of experts in the area. We used a total of 294 coordinates in the analysis. 

After some trial runs of the MAXENT procedure, we asked local experts to validate the predictions 

(Annex I). We incorporated ǘƘŜǎŜ ŜȄǇŜǊǘǎΩ ƻǇƛƴƛƻƴǎ ŀƴŘ ǊŜǊŀƴ a!·9b¢. We presented the results in a 

cocoa summit representing the cocoa sector and supply chain (see annex III for the list of attendees) in 

Accra, Ghana on 6 April, 2011. We incorporated participant´s feedback and reran MAXENT for the final 

analysis. 

Suitability ranges 

Climate suitability is the level of certain climatic characteristics that determine which areas have 

potential to grow a crop successfully. For the cocoa study we used the bioclimatic variables, calculating 

the suitability ranges from the MAXENT results, which provide suitability estimates 0ς1 for each 

variable. During the summit, we asked experts to comment on a map of the MAXENT estimates by 

placing colours according to their own estimates of the suitability of areas for cocoa (Table 1). 
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Table1: Categories used for the map. 

MAXENT Range Category Color in map 

0 ς 0.15 Barely No color 
0.15 ς 0.25 Marginal Orange 
0.25 ς 0.35 Good Yellow 
0.35 ς 0.40 Very Good Light green 
0.40 ς 0.85 Excellent Green 

Spatial restrictions 

The MAXENT analyses only included climatic variables, but in the field there are many spatial restrictions 

as well, which are natural, such as forest and water bodies, and anthropogenic, such as urban areas. We 

excluded urban and water bodies as well as forested and protected areas as not available for cocoa, 

using the 300-m resolution FAO land cover map (Geonetwork), and shapefiles from the world database 

on protected areas (IUCN and UNEP,2010).  

4.d Measure of confidence 

We predicted future crop suitability using each of the GCMs using MAXENT as described above. We 

computed two measurements of uncertainty: (1) The coefficient of variation (CV) among GCMs and(2) 

the agreement among MAXENT outputs calculated as the percentage of models predicting changes in 

the same direction as the average of all models at a given location. We removed from further analysis 

ŀƴȅ D/a ǘƘŀǘ ŘƛŦŦŜǊŜŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŀŎŎƻǊŘƛƴƎ ǘƻ ¢ǳƪŜȅΩǎ όмфттύ ƻǳǘƭƛŜǊ ǘŜǎǘΦ 

4.e Environmental factors driving change in suitability 

We determined the relative importance of different climatic drivers, using a forward, step-wise 

regression analysis with the suitability shift per data point as the dependent variable, and the model-

average changes in the bioclimatic variables between the present and future as the independent 

variables. We calculated the relative contribution that each variable made to the total predicted shift in 

suitability in terms of the proportion of R-square explained when each variable was added to the 

regression model. We analyzed separately data points showing positive and negative shifts in suitability. 

 

 

 

 

 

 

http://www.fao.org/geonetwork/srv/en/main.home
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5 Result I: Climate change summary of cocoa growing areas 

5.a The summary climate diagram for all cocoa growing sites in Ghana and Côte d'Ivoire 

 

 

Figure 2: Climate trend summary for 2030 and 2050 for sample sites.We used 294 evidence points in the 

analysis. Blue bars show current and 2050 precipitation trends and red lines show the current, 2030 and 

2050 temperature. 

 

General climatic characteristics 

¶ Temperatures increase and the average increase is 2.1°C for 2050 passing through 1.2°C in 

2030 

¶ The mean daily temperature range decreases from 9.1°C to 9.0°C in 2050 

¶ Rainfall decreases slightly from 1467 millimeters to 1455 millimeters by 2050 passing 

through 1466 in 2030. The amount of the decrease is so small that it can be safely ignored. 

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

2050 

Extreme conditions 

¶ The mean monthly maximum temperature increases from 33.1°C to 35.6°C while the 

warmest quarter gets hotter by 2.3°C in 2050; 

¶ The mean monthly minimum temperature increases from 20.6°C to 22.2°C while the coldest 

quarter gets hotter by 1.7°C in 2050; 
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¶ Changes in the  wettest month and the wettest quarter are trivial (<5mm); and 

¶ There is no change in the driest month or in the driest quarter.  

Climate Seasonality 

¶ Overall the climate becomes more seasonal in terms of variability through the year in 

temperature and the seasonality of precipitation is unchanged. 

Variability between models 

¶ The coefficient of variation of temperature predictions between models is 3%; 

¶ Temperature predictions were uniform between models with  no outliers; 

¶ The coefficient of variation of precipitation predictions between models is 7.5%; and 

¶ Precipitation predictions were uniform between models with no outliers. 

 

5.b Regional changes in the mean annual precipitation by 2030 

 

 

Figure 3: Mean annual precipitation changes by 2030 according nineteen GCM models (SRES A2) for 
Ghana and Côte d'Ivoire. 

According to the SRES scenario A2 (business as usual) there will be small increases and decreases in 

precipitation by 2030 (Figure 3), but given the relatively high annual precipitation in the cocoa-growing 

regions of both countries, the changes can be safely ignored. 


