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1. INTRODUCTION 
 

We are running two races these days. Thereôs the coronavirus pandemic which is flooding our 

societies and putting our lives and economies to a halt and then thereôs climate change. Both 

are intrinsically connected symptoms of a globalized capitalist world. Both races pose 

extremely difficult questions and challenges for every single person on this planet. But some 

will get hit harder and/or sooner than others.  

 

In this report weôll look at the challenges smallholder coffee and cocoa farmers will come across 

in a changing climate. The focus will be on the regions where Rikolto operates, being different 

parts of Latin-America, East- and West-Africa and South-East Asia. In making an assessment 

of these challenges itôs first of all important to analyse specific production and climate data for 

these different regions. Secondly, weôll have to look at the socio-economic conditions under 

which smallholder farmers have to operate. Both these aspects will reveal to a significant extent 

the variations in impact with which climate change will hit cocoa and coffee farmers in different 

regions all over the world (Habtemariam et al., 2017). It will also inform us on where the 

obstacles may be situated to build up resilience against a changing climate.   

 

The first part of this report outlines the impact climate change will have on cocoa and coffee 

cultivation in the above-mentioned regions. By looking at how agroclimatic conditions are 

expected to change in certain emission scenarios we can get an idea of the challenges 

smallholder farmers will come across in the future. It is a crucial factor to consider in 

determining the vulnerability and resilience of these smallholder farmers and their households. 

These scientific projections are also key in determining the most appropriate cost-efficient and 

region-specific adaptation and mitigation strategies (Habtemariam et al., 2017). Since most 

smallholders do not have the means for a lot of trial and error cost-efficiency is paramount. In 

some cases detailed data is unfortunately still lacking, but this cannot prevent various 

stakeholders from preparing themselves for what the future may bring. Thereôs also a closing 

window of opportunity to consider. The longer we wait to adapt and mitigate the less strategic 

choices there will be left to make. The agricultural sector bears a major responsibility for 

biodiversity loss and greenhouse gas emissions, but it also offers unique opportunities for 

improvement. The impact of appropriate adaptation and mitigation strategies is potentially very 

large and the global impact of such actions, both in terms of climate change and conflict and 

migration, should not be underestimated (DaMatta, 2015; Mach et al, 2019). Rapid action is 

therefor vital.  

 

Part two examines how earning models and family situations will potentially be affected by 

climate change and what is hindering them from building up resilience. There will be some 

general and more region-specific patterns to distinguish. A household in Indonesia will face a 

number of other challenges than a farmer in Guatemala or a household in the DRC. But also 

within Guatemala, farmers owing a plot in a lower area will be challenged differently than a 

family with a farm higher up the mountain. In general a very large part of small-scale farmers 

will, in one way or another, be affected though.  
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The third and final part will reflect on the role different actors (can) play in this story. A few 

examples of meaningful partnerships between different stakeholders in the coffee and cocoa 

supply chain will be covered.  

 

2. USED METHODS  
 

To find an answer to the questions at the heart of this report, a two-step approach was followed. 

First, a preliminary literature review was carried out. Secondly, interviews were conducted with 

people connected to Rikolto having a good view on the situation and climate change related 

issues in the different coffee and cocoa regions. In a next stage, step one and two were linked. 

Gaps were filled as much as possible with additional literature. Of course, not all relevant 

information could be included in this rather global overview report with a specific focus on the 

regions and issues relevant to Rikolto. For more detailed coverage of certain issues in the 

different regions, it is advisable to consult the literature listed in the bibliography directly. 
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3. CHANGING CLIMATIC CONDITIONS 
 

MICRO VS GENERAL CLIMATIC CONDITIONS 

Rikolto supports coffee and cocoa projects in different biophysical circumstances. For cocoa 

and coffee cultivation both micro (e.g. shade trees, irrigation, etc on the farm) and general 

climatic conditions (e.g. overall temperatures, precipitation, etc.) must be favourable. Of course, 

people have more direct control over the former. Using good agricultural practices and 

adaptation techniques, resilience against some of the challenges posed by changes in general 

climatic conditions can be built up (Purbosari, 2020). This means that for each region, the 

specific challenges that climate change poses to local cultivation will have to be examined to 

determine the most effective and efficient adaptation, mitigation and support mechanisms. In 

turn these strategies can even mitigate these changing general climate conditions. In this way a 

resilient and sustainable agricultural structure can be created. As stated in the introduction: a 

good strategy starts with adequate data. 

 

GEOGRAPHY 

Irrespective of the specific socio-economic and political context within which farmers have to 

operate, there are geographical factors determining the severity of the way climate change will 

affect certain areas. For example, as we shall see below, both coffee and cocoa cultivation are 

concentrated around the Equator. Most of these regions are characterised by similar climatic 

conditions, but the way in which the geography of a specific region is formed or its exact 

location on the map should also be included in the assessment of how coffee and cocoa 

cultivation will evolve due to climate change in these different regions and which strategies are 

best to be pursued. Letôs first look at some global patterns and important general characteristics 

of coffee and cocoa cultivation before turning to a more region-specific analyses of climate-

related challenges.  

 

RCP 6.0 - 2050 

In the following sections I will discuss maps visualising agroclimatic shifts from different 

researches. In some studies different maps were developed for different IPCC emissions 

pathways, and sometimes also for a different point in the future (e.g. 2050, 2080, 2100). To 

keep the expected climatic changes for the different regions somewhat comparable I choose to 

filter out the maps showing estimates for the RCP 6.0 scenario. This scenario is the average 

expected emissions scenario, while for example RCP 8.5 is a business as usual scenario. I 

furthermore only used projections for 2050, because these were most common.   
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Source: IPCC Climate Change 2014 Synthesis Report; Fifth Assessment Report. 

 

3.1 GLOBAL OVERVIEW 
 

3.1.1 COCOA 

 

COCOA GROWING AREAS  

The origin of cocoa lies in the Amazon region. This tells us a lot about the climatic conditions 

in which cocoa flourishes best, namely the lower storey of the evergreen forest, where itôs warm 

and humid. Cocoa is now produced in many countries located between 10° north and 10° south 

of the Equator, as can be seen on the map below. 
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Source: Bunn et al, 2017. ñCocoa occurrence locationsò 

 

These regions are characterised by similar climatic characteristics (ICCO, 2013). Another 

feature they have in common is their high susceptibility to a changing climate. Droughts, 

extreme weather conditions, high variability of rainfall and other natural hazards are already 

commonplace in most of the cocoa growing regions. These conditions only tend to get more 

unpredictable the warmer our planet gets. Take for example Central-America. Its location on 

the world map makes it one of the most sensitive regions to climate change. It lies between two 

bodies of water which in combination with the effects of the Gulf Stream and El Niño confronts 

the region with a lot of extreme climate change effects, like extreme weather conditions, rising 

sea levels, droughts etc, not to speak of the high occurrence of volcanoes and earthquakes. 

(Wernick, 2018).  

 

THE IDEAL CONDITIONS 

Looking more into detail, the main culprit for growing cocoa is irregular rainfall since cocoa 

trees are very sensitive to soil water deficiency. Ideally, there should be a lot of rainfall 

throughout the year. Annual rainfall should generally be between 1500mm and 2000mm. If 

there are periods of drought (less than 100mm per month), these should not exceed three months 

(ICCO, 2013). Concerning temperature, the ideal minima and maxima for cocoa are between 

18 to 21°C and 30 to 32°C. As with all plants, sufficient nutrition is required in the soil. Good 

and sustainable soil maintenance contributes to the resilience of the plantation in general. On 

top of all this there is the importance of shadow. Traditionally, cocoa trees are planted 

underneath shade trees because they need plenty of shade in their first years of growing. This 

characteristic makes cocoa the ideal crop for agroforestry. Agroforestry techniques add to the 

overall resilience of the plantation and the households themselves, while simultaneously 

performing carbon capture to mitigate climate change (ICCO, 2013).  

 

EXPECTED CLIMATIC EVOLUTIONS 

As will become clear in the next chapters of this report a lot of the climate projections, both for 

cocoa and coffee cultivation, were drawn from research by CIAT. In 2017 Bunn et al. (CIAT) 
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studied the expected effects of emissions pathway RCP 6.0 on cocoa cultivation on a global 

level.  

 

Using Random Forest machine learning classifiers and data from the IPCC Fifth Assesment 

Report, the research found that in all of the cocoa growing regions a decrease in suitability will 

occur by 2050, though none of the regions will become completely unsuitable. The climatic 

zones where suitability is highest will decrease substantially, while zones with low suitability 

are expected to become more numerous. The most resilient areas are those on the edge of 

wooded land, which highlights the importance of the protection of forests. In general, the total 

suitable area for cocoa cultivation on a global scale will remain relatively unchanged. There 

will, on the other hand, occur some substantial shifts, which will make it potentially hard for 

smallholders to adapt to these changing climatic conditions (see maps below). In some areas 

adaptation strategies will make it possible to keep on growing cocoa. In some cases systemic 

transformation, such as improved soil management, optimisation of fertilisation, working with 

other, more resistant varieties of cocoa trees will be necessary. In other areas some farmers may 

have to give up on growing cocoa altogether (Bunn et al., 2017). 

 
Source: Bunn et al., 2017. ñCurrent distribution of climate types for cocoa productionò. 
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Source: Bunn et al., 2017. ñ2050ôs distribution of climate types for cocoa production in the RCP 6.0 

scenarioò. 

 

Looking at what the global projections mean for the main cocoa growing countries Bunn et al. 

(2017) expect that Central and South America, West Africa and South Asia will be worst off in 

the RCP 6.0 scenario. West Africa will probably be hit the hardest. The Caribbean, Central and 

East Africa and South-East Asia are likely to benefit from climate change on cocoa cultivation 

suitability. The graph below shows the expected change in suitability for the different regions 

(Bunn et al., 2017). 

 
Source: Bunn et al., 2017. ñSuitability score changes in highly suitable areas for macro-regions. The 

dot represents the median change, the thick vertical bars the interquartile range and whiskers show the 

90% confidence interval. The body shows the density. The horizontal line is the global median valueò.  
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SOME CRITICAL REMARKS 

Further research is required to determine the specific effects of higher temperatures and 

changing precipitation patterns on the quality and vitality of plants and the occurrence of disease 

and pests. Itôs especially precipitation patterns that remain most uncertain. Given the 

importance of humidity for cocoa cultivation there is some caution required in interpreting these 

projections. Since Bunn et al. (2017) point to the importance of adopting the right adaptation 

strategies in accordance to the severity with which climate change will hit a region and the 

degree of uncertainty surrounding these projections, itôs advisable that all smallholders adopt 

at least some minimal adaptation strategies.  

 

In addition to CIATôs own critical reflections, The World Cocoa Foundation (WCF) and 

Budiansky (2018) formulated some critique on CIATôs findings. They pointed out that these 

scenarios do not take sufficient account of technological progress and the dissemination and 

sharing of knowledge and good agricultural practices in cocoa cultivation. Grant (2020) also 

argues that provided the application of innovative techniques there is no immediate cause for 

panic. He points out that there is still a great deal of room for manoeuvre for possible innovation, 

since many outdated techniques are still commonplace in today's cocoa cultivation. Bunn et al. 

(2017) make similar comments in the research's own discussion. Even though these remarks 

may have concerns about the validity of the projections, they also highlight the importance of 

adaptation strategies which should (encouraged to) be adopted in the smallholder farmer 

communities either way. The projections may give at least an idea of the most cost-effective 

measures, which is extremely important for smallholder farmers with often only limited 

resources at their disposal.   

 

3.1.2 COFFEE 

 

COFFEE GROWING AREAS 

As can be seen on the maps below, coffee cultivation is located in a similar strip around the 

Equator. These maps from a study by Bunn et al. (2014) show the worldôs most suitable regions 

for growing Arabica and/or Robusta coffee.  
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Source: Bunn et al, 2014. ñCurrent suitability distribution for coffee. Dark grey indicates high 

suitability, light grey intermediate suitability. Hatching indicates the speciesò. 

 

Most coffee is produced from two varieties: Robusta (Coffea Canephora var. Robusta) which 

accounts for 30 percent of global coffee production and Arabica (Coffea Arabica) which 

accounts for the remaining 70 percent.  

 

THE IDEAL CONDITIONS 

The ideal growing conditions for both varieties are summarized in the table below. These 

findings (Haggar and schepp, 2012) are based on data from the FAO (2011):  

 
Source: Haggar and Schepp, 2012. Data from EcoCrop/FAO. ñOptimal and absolute growing 

conditions for Arabica and Robusta coffeeò.  

 

Temperature, rainfall and soil composition determine the success of the coffee cultivation 

procedure. Arabica is very sensitive to warming, especially during the blossom and 

fructification phase. Apart from the direct impact on plant growth, fructification, etc., increased 

temperatures and humidity increase the risk of disease and moulds. Water stress can in turn 
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reduce photosynthesis (Haggar and Schepp, 2012). Robusta coffee is expected to be slightly 

more resistant to temperature rises. However, this variety is more sensitive to cold. (Haggar and 

Schepp, 2012). Moreover, it is not self-evident to trade Arabica for Robusta on the commercial 

markets because of the difference in quality (Bunn et al., 2014). As a whole, the limited genetic 

base of commercial coffee is also becoming a problem. It reduces the resilience of coffee against 

a changing climate (DaMatta, 2004).  

 

EXPECTED CLIMATIC EVOLUTIONS 

The following analyses is, like the previous section, based on a study by Bunn et al. (2014). 

Both studies used similar research methods, which makes it possible (and interesting) to 

compare findings. For this particular study Bunn et al. (2014) used the output of three different 

commonly used machine learning algorithms to generate results with maximum reliability. 

Maps A to D show the changes in suitability of the current dominant Arabica coffee production 

regions in Latin America, Brazil, Asia and East Africa by 2050 under an RCP 6.0 scenario. 

Maps E to G show the changes in suitability of the current dominant regions for Robusta, these 

are Brazil, West Africa region of origin, South East Asia and Asian island states (Bunn et al., 

2014).  

 
Source: Bunn et al., 2014. ñSuitability changes by the 2050s in the RCP 6.0 scenario. A-D: Arabica, E-

G: Robusta. Hatching indicates the current suitability distribution; warm colors represent areas with 

negative climate change impacts and cold colors positive changesò.  
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These maps show that coffee cultivation will be more severely challenged by climate change 

than cocoa. Negative change is predicted for almost all regions. A report by the Australian 

Climate Institute (TCI) (2016) predicts that by 2050, 50% of the areas currently suitable for 

growing coffee will become unsuitable. Furthermore, the countries of which the economy is 

highly dependent on coffee appear to be also those most vulnerable to climate change. 

Honduras, Nicaragua, Vietnam and Guatemala, warns TCI (2016), are all among the top 10 

countries that have suffered most from climate-related damages since the 1990s. 

 

The graphs underneath shows with more detail which areas will be most vulnerable. They show 

how climate change will manifest itself in different regions, latitudes and altitudes. It shows, 

for example, that suitability for Arabica cultivation will decrease significantly in Brasil for all 

emissions pathways. Plots located at a lower altitude will be more exposed to the effects of 

climate change. Plots at a higher altitude may on the other hand even become more suitable. 

Migration to higher altitudes may become a global pattern (Bunn et al., 2014). This poses a risk 

to complex landscapes rich in biodiversity which in turn may threaten the resilience of the 

plantation as a whole (TCI, 2016; Renckens, 2020). The migration of coffee production may 

also increase the occurrence of diseases. Coffee Leaf Rust, for example, a fungus that attacks 

the leaves of the coffee plant and causes beans to fall before they are ripe (Godoy, 2013), 

spreads more easily through an open landscape than through wooded areas (TCI, 2016). 

 
Source: Bunn et al., 2014. ñDitstribution of suitability changes by a latitude, b altitude, c coffee regions; 

continuous lines represent C. Arabica, dashed lines C. Canephora, black lines the current distribution, 

colored lines future distribution; the error bars indicate the minimum and maximum across RCP 6.0 

model meansò. 

 

Bunn et al.ôs (2014) general conclusion is that global losses will not outweigh newly suitable 

areas. Only in East Africa and the Asian island states the increase in areas with the right climatic 

conditions will be significant, while highly productive areas today, such as Brazil and Vietnam, 
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may be considered entirely unsuitable for the purpose of coffee growing in the future (Bunn et 

al., 2014). Once again, however, much also depends on local factors that may exacerbate or 

mitigate the impact of climate change on suitability. With the right institutional framework, the 

empowerment of farming communities and the development of resilient production systems, 

all may not be lost.   

 

SOME CRITICAL REMARKS 

Once again it is important to consider some remarks regarding these projections. DaMatta et al. 

(2019) note for example that the effects of higher CO2 levels on the cultivation of coffee itself 

were not taken into consideration. Some studies expect that part of the negative effects of rising 

temperatures on coffee cultivation will be absorbed by an increased concentration of CO2, 

which serves as nutrition for plants. He suggests that é 

é elevated CO2 may allow a better endurance of coffee plants against drought stress. 

Therefore, to provide accurate estimates regarding the success of coffee farming under 

future climate change scenarios, CO2 must be taken into account. Finally, while elevated 

CO2 could mitigate negative effects of rising mean temperatures on coffee productivity, the 

predicted increases in extreme rainfall, drought and overall climate variability bring large 

uncertainties on how all of these environmental factors will ultimately affect the coffee 

yields and quality (DaMatta, 2019). 

As noted, the effects of CO2 must be considered in improving the assessment of the specific 

climate challenges coffee production will encounter, it can in this particular case have some 

positive effects, but it should of course not be regarded as a positive matter on its own.  

 

3.2 REGION-SPECIFIC ASSESSMENT OF AGROCLIMATIC SHIFTS 
 

Lets now turn to some more detailed analyses of how agroclimatic zones are expected to change 

in the coming decades. Since climate change adaptation is crop-, site- and actor specific (Bunn 

et al., 2017), more detailed reflections on how things will change according to different 

emissions pathways in different regions are important, as stated above, to determine the most 

appropriate and effective strategies.  

 

3.2.1 CENTRAL AMERICA 

 

As already mentioned, Central America is particularly vulnerable to climatic changes. In 

Mexico, Guatemala and Honduras mean temperature already increased by 1°C and a decrease 

of 15% in the annual amount of rainfall was observed (TCI, 2016). Agriculture employs much 

of the working force. Because of climate change growing cycles get disrupted and pests spread 

more relentlessly. Moreover, many countries are plagued by conflict, poverty and migration. 

According to an estimate by the World Bank, climate change alone could cause some 1.4 

million people from Central America and Mexico to flee their homes within the next three 

decades (Semple, 2019). This would lead to a significant disruption of local society (more on 

that in chapter 4). In order to strengthen the resilience of local farmers, it is important that 

reliable knowledge becomes more easily accessible.  
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3.2.1.1 COCOA 

 

Central America is not one of the major exporters of cocoa, but its fine-flavour cocoa is 

renowned on the world market. Production takes place on a small scale. Farmers often also 

grow other crops such as coffee and wheat (Rikolto, s.d.  ñcocoa from Waslalaò). Agroforestry 

and environmentally friendly cultivation are already practised to a large extent (Renckens, 

2020; Janssens, 2020). Nevertheless, in recent years farmers have seen an increase in the 

number of diseases and fungi affecting their crops. Moreover, changing weather patterns have 

already had disastrous effects on growing cycles. This is only expected to increase. Johanna 

Renckens (2020) explains that it remains difficult for farmers and organisations to determine to 

what extent these phenomena take place due to climate change or because of recurring trends 

such as El Niño. Even though a distinction can proof necessary in some cases, adaptative 

strategies can improve resilience against both.  

 

CIAT, Rikolto and WCF (2018) collaborated to map how agroclimatic zones in which cocoa 

trees thrive are expected to shift in the coming decades (see Bunn et al., 2019). Subsequently 

an assessment was made on the gradation of adaptation strategies needed to enable farmers to 

keep on growing cocoa in a particular zone.   

 

This first map shows where cocoa production is concentrated: 

 
Source: Bunn et al., 2019. Cocoa occurrence location. 
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The second map shows which climate types are suitable for cocoa cultivation and where they 

were located between 1970 and 2000 located within different Central American countries. This 

was taken as the baseline to estimate the way agroclimatic conditions will change in the future.  

 
Source: Bunn et al., 2019. Agroclimatic zones suitable for cocoa cultivation, baseline period 1970-2020. 

 

Subsequently they simulated the way in which zones will shift due to climate change in the 

coming decades. They did this for both the period 2020-2049 and 2050-2069 (these maps can 

be consulted in Bunn et al.ôs full report) against the baseline period 1970-2020 (see above). 

Whatôs important here is the concrete meaning of these shifts for cocoa farmers. In the map 

below different colours indicate the severity of expected change. Red means farmers will no 

longer be able to cultivate cocoa in these zones. Orange indicates bold adaptation measures may 

save cocoa production at least up until 2050 (Bunn et al., 2019).  












































































