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Congo Basin deforestation threatens
regional rainfall and global cocoa supply
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The tropical rainforests of the Congo Basin regulate rainfall both locally in Central
Africa and across West Africa, but deforestation risks jeopardising this vital water
source.

New ZCA analysis finds that deforestation in the Congo Basin could disrupt
rainfall and significantly reduce cacao yields, resulting in substantial losses for
producers and rising costs for importers.

The West African countries of lvory Coast, Ghana and Nigeria, along with several
Central African nations, account for more than 70% of global cacao production.
Ivory Coast, the biggest producer, could see cumulative losses of almost 1.6
million tonnes by 2050.

Falling yields will be increasingly costly for importers as the impacts of
deforestation accelerate over time. Deforestation is projected to contribute 11%
of the total cocoa price in 2030, rising to 40% by 2050.

In 2050, Europe could end up paying USD 33.8 billion more for the equivalent of
its current annual imports due to Congo Basin deforestation. With normal market
growth and the price impacts of extreme weather factored in, Europe’s 2050
cocoa imports could total USD 84 billion, nine times the 2025 cost.

EU importers could face cumulative costs of USD 256 billion by 2050, almost
double the global chocolate industry’s 2024 market value of USD 130 billion.

The Netherlands, Belgium and Germany — the biggest EU importers of Ivory Coast
cocoa — could pay USD 13.1 billion, USD 6 billion and USD 4.4 billion more in 2050
for current shipment volumes, respectively, due to deforestation price impacts.

Our analysis found a critical window for intervention, as impacts remain
manageable through the 2030s but accelerate dramatically after 2040.

Funding forest conservation in the Basin will be cheaper for the EU than the cost
of inaction. EU importers could benefit from USD 1.8 to USD 6 in avoided costs for
every dollar invested, depending on the conservation approach.
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e All conservation scenarios analysed showed promising returns, even at a 50%
success rate, with community-led restoration showing the biggest benefits.

The Congo Basin's rainforests drive regional rainfall

Rainforests are crucial for sustaining life on Earth, playing a vital role in carbon
sequestration and hosting exceptional biodiversity. But, forests have an even more
profound importance for our climate than carbon storage — they regulate the Earth's
temperature and freshwater flows.

Plants recycle 80—-90% of rainfall back into the air in a vital feedback loop that
sustains the global water cycle and cools the planet. Forests generate water in a
process called evapotranspiration: Trees draw up groundwater through their roots and
release it from their leaves, returning water to the atmosphere where it turns into
clouds and falls as rain, creating a natural cooling system. In tropical areas, this
recycling is so effective that air moving over forests produces at least twice as much
rainfall as air moving over non-forested land.

The moisture forests release creates rainfall both locally and further away. A
well-known example is the Amazon's ‘flying rivers’, massive flows of water vapour
generated by trees and carried by atmospheric currents, which deliver rainfall across
Latin America up to thousands of kilometres away.

This type of long-distance climate link is called a teleconnection. In some parts of the
world, losing a forest-rainfall teleconnection may present a “more imminent threat

even than global warming”.

A less-studied but equally vital teleconnection exists between the Congo Basin in
Central Africa, which contains the world's second-largest tropical rainforest after the
Amazon, and West Africa. The Congo Basin's tropical rainforests generate up to 83% of
local rainfall — more than the Amazon — keeping the climate humid and fuelling
ongoing rainfall. This moisture does not just sustain the Congo Basin, as seasonal
winds carry it hundreds of kilometres westward to deliver almost one-fifth of rainfall in
West Africa.’

' West African forests themselves have an important teleconnection: they provide up to 30-40% of the
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https://www.nature.com/articles/s41558-020-00976-6#:~:text=We%20estimate%20that%20global%20forests%20were%20a%20net%20carbon%20sink%20of%20%E2%88%927.6%E2%80%89%C2%B1%E2%80%8949%E2%80%89GtCO2e%E2%80%89yr%E2%88%921%2C%20reflecting%20a%20balance%20between%20gross%20carbon%20removals%20(%E2%88%9215.6%E2%80%89%C2%B1%E2%80%8949%E2%80%89GtCO2e%E2%80%89yr%E2%88%921)%20and%20gross%20emissions%20from%20deforestation%20and%20other%20disturbances%20(8.1%E2%80%89%C2%B1%E2%80%892.5%E2%80%89GtCO2e%E2%80%89yr%E2%88%921).
https://www.nature.com/articles/s41558-020-00976-6#:~:text=We%20estimate%20that%20global%20forests%20were%20a%20net%20carbon%20sink%20of%20%E2%88%927.6%E2%80%89%C2%B1%E2%80%8949%E2%80%89GtCO2e%E2%80%89yr%E2%88%921%2C%20reflecting%20a%20balance%20between%20gross%20carbon%20removals%20(%E2%88%9215.6%E2%80%89%C2%B1%E2%80%8949%E2%80%89GtCO2e%E2%80%89yr%E2%88%921)%20and%20gross%20emissions%20from%20deforestation%20and%20other%20disturbances%20(8.1%E2%80%89%C2%B1%E2%80%892.5%E2%80%89GtCO2e%E2%80%89yr%E2%88%921).
https://esajournals.onlinelibrary.wiley.com/doi/10.1002/fee.2420#:~:text=Using%20geographic%20range,forest%20vertebrates%2C%20respectively.
https://www.sciencedirect.com/science/article/pii/S0959378017300134#:~:text=Our%20call%20to%20action%20targets%20a%20reversal%20of%20paradigms%2C%20from%20a%20carbon%2Dcentric%20model%20to%20one%20that%20treats%20the%20hydrologic%20and%20climate%2Dcooling%20effects%20of%20trees%20and%20forests%20as%20the%20first%20order%20of%20priority.
https://www.sciencedirect.com/science/article/pii/S0959378017300134#:~:text=Our%20call%20to%20action%20targets%20a%20reversal%20of%20paradigms%2C%20from%20a%20carbon%2Dcentric%20model%20to%20one%20that%20treats%20the%20hydrologic%20and%20climate%2Dcooling%20effects%20of%20trees%20and%20forests%20as%20the%20first%20order%20of%20priority.
https://pubmed.ncbi.nlm.nih.gov/23552893/#:~:text=Here%20we%20use%20the%20distinct%20isotope%20effects%20of%20transpiration%20and%20evaporation%20to%20show%20that%20transpiration%20is%20by%20far%20the%20largest%20water%20flux%20from%20Earth%27s%20continents%2C%20representing%2080%20to%2090%20per%20cent%20of%20terrestrial%20evapotranspiration
https://pubmed.ncbi.nlm.nih.gov/18556546/#:~:text=The%20world%27s%20forests%20influence%20climate%20through%20physical%2C%20chemical%2C%20and%20biological%20processes%20that%20affect%20planetary%20energetics%2C%20the%20hydrologic%20cycle%2C%20and%20atmospheric%20composition.
https://pubmed.ncbi.nlm.nih.gov/18556546/#:~:text=The%20world%27s%20forests%20influence%20climate%20through%20physical%2C%20chemical%2C%20and%20biological%20processes%20that%20affect%20planetary%20energetics%2C%20the%20hydrologic%20cycle%2C%20and%20atmospheric%20composition.
https://www.wri.org/insights/how-forests-affect-climate#:~:text=Tropical%20forests%20have%20an%20overall%20global%20cooling%20effect%20%E2%80%94%20not%20only%20from%20their%20carbon%20removal%2C%20but%20also%20from%20high%20rates%20of%20evapotranspiration%20and%20their%20ability%20to%20stimulate%20cloud%20cover%20(and%20thereby%20increase%20albedo).
https://www.researchgate.net/publication/230804527_Observations_of_increased_tropical_rainfall_preceded_by_air_passage_over_forests#:~:text=We%20find%20that%20for%20more%20than%2060%20per%20cent%20of%20the%20tropical%20land%20surface%20(latitudes%2030%20degrees%20south%20to%2030%20degrees%20north)%2C%20air%20that%20has%20passed%20over%20extensive%20vegetation%20in%20the%20preceding%20few%20days%20produces%20at%20least%20twice%20as%20much%20rain%20as%20air%20that%20has%20passed%20over%20little%20vegetation
https://www.researchgate.net/publication/230804527_Observations_of_increased_tropical_rainfall_preceded_by_air_passage_over_forests#:~:text=We%20find%20that%20for%20more%20than%2060%20per%20cent%20of%20the%20tropical%20land%20surface%20(latitudes%2030%20degrees%20south%20to%2030%20degrees%20north)%2C%20air%20that%20has%20passed%20over%20extensive%20vegetation%20in%20the%20preceding%20few%20days%20produces%20at%20least%20twice%20as%20much%20rain%20as%20air%20that%20has%20passed%20over%20little%20vegetation
https://www.weforum.org/stories/2024/07/amazon-water-flying-rivers-latin-america/#:~:text=What%20are%20the%20Amazon%27s%20%27flying%20rivers%E2%80%99%20%E2%80%93%20and%20how%20does%20deforestation%20affect%20them%3F
https://www.wri.org/insights/how-forests-affect-climate#:~:text=researchers%20estimate%20that%20forests%20in%20Brazil%20provide%2013%2D32%25%20of%20annual%20precipitation%20in%20the%20downwind%20countries%20of%20Bolivia%2C%20Paraguay%2C%20Uruguay%20and%20Argentina.
https://www.wri.org/insights/how-forests-affect-climate#:~:text=researchers%20estimate%20that%20forests%20in%20Brazil%20provide%2013%2D32%25%20of%20annual%20precipitation%20in%20the%20downwind%20countries%20of%20Bolivia%2C%20Paraguay%2C%20Uruguay%20and%20Argentina.
https://www.newscientist.com/article/mg24432540-600-earths-most-important-rivers-are-in-the-sky-and-theyre-drying-up/#:~:text=The%20vast%20airborne%20waterways%20that%20keep%20our%20planet%20hydrated%20are%20fed%20by%20rainforests%20like%20the%20Amazon.%20If%20they%20disappear%2C%20the%20consequences%20may%20be%20worse%20than%20climate%20change
https://www.newscientist.com/article/mg24432540-600-earths-most-important-rivers-are-in-the-sky-and-theyre-drying-up/#:~:text=The%20vast%20airborne%20waterways%20that%20keep%20our%20planet%20hydrated%20are%20fed%20by%20rainforests%20like%20the%20Amazon.%20If%20they%20disappear%2C%20the%20consequences%20may%20be%20worse%20than%20climate%20change
https://www.newscientist.com/article/mg24432540-600-earths-most-important-rivers-are-in-the-sky-and-theyre-drying-up/#:~:text=The%20vast%20airborne%20waterways%20that%20keep%20our%20planet%20hydrated%20are%20fed%20by%20rainforests%20like%20the%20Amazon.%20If%20they%20disappear%2C%20the%20consequences%20may%20be%20worse%20than%20climate%20change
https://rmets.onlinelibrary.wiley.com/doi/epdf/10.1002/asl2.416#:~:text=Africa.-,Our%20study%20provides%20the%20%EF%AC%81rst%20regional%20model%2Dbased,African%20continent,-.
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020JG006024#:~:text=isotopic%20mixing%20models%20representative%20of%20water%20vapor%20coming%20from%20land
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020JG006024#:~:text=isotopic%20mixing%20models%20representative%20of%20water%20vapor%20coming%20from%20land
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/96WR01940#:~:text=We%20find%20that%20evaporation%20from%20the%20tropical%20Atlantic%20Ocean%2C%20west%20Africa%2C%20and%20central%20Africa%20contribute%20about%2023%2C%2027%2C%20and%2017%25%20of%20rainfall%20in%20west%20Africa%2C%20respectively
https://www.un.org/esa/forests/wp-content/uploads/2018/04/UNFF13_BkgdStudy_ForestsWater.pdf#page=34
https://www.un.org/esa/forests/wp-content/uploads/2018/04/UNFF13_BkgdStudy_ForestsWater.pdf#page=34
https://www.un.org/esa/forests/wp-content/uploads/2018/04/UNFF13_BkgdStudy_ForestsWater.pdf
https://www.un.org/esa/forests/wp-content/uploads/2018/04/UNFF13_BkgdStudy_ForestsWater.pdf#page=34
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Deforestation disrupts this natural system

Deforestation disrupts the natural process of water recycling, as cleared forest can no
longer pump moisture into the atmosphere. In the Congo Basin, this could result in

rainfall reductions of up to 40%. The high proportion of local rainfall controlled by the
rainforest means that the Basin could be the region in the world where deforestation
will have the biggest impact on rainfall.

Forest loss also disrupts the natural cooling system. Without the cooling effect of
evaporation, the solar radiation that would normally drive evapotranspiration creates
hot, low-pressure zones which alter regional wind patterns. These interact with West
Africa's monsoon winds, which bring the region’s crucial rainy seasons, in a climate
teleconnection, causing the monsoon rain band to shift inland during the Northern
Hemisphere summer and reducing rainfall along the West African Guinea coast.?
Climate models show the disruption of this teleconnection could decrease rainfall by
up to 20% along the Guinea coast during the rainy season.’

Deforestation in the Congo Basin, driven by small-scale agriculture and settlements, is
a growing concern. If current rates of forest loss and degradation continue, 27% of the
forest could be destroyed by 2050, directly threatening local rainfall and the moisture
transport systems that millions across Africa rely on for water and agriculture. The
destruction places farmers’ livelihoods and commodity supply chains at risk, making
forest conservation in the Congo Basin a critical environmental security issue.

Congo basin deforestation puts African cocoa production
at risk

One commodity at risk from the reduced rainfall is cocoa, produced from the seeds
(cocoa beans) of the cacao plant, Theobroma cacao. Three out of four cocoa beans
come from Africa, with the West African countries of lvory Coast, Ghana and Nigeria,
along with several Central African nations in the Congo Basin, accounting for more

than 70% of global cocoa production.

Cacao can only thrive in a narrow band around the equator, called the ‘cocoa belt’, as
it requires specific temperature and moisture conditions to grow. It is particularly

2 The coastal tropical region of West Africa that lies along the Gulf of Guinea.
3 This effect is also compounded by extensive local deforestation — for cocoa production as well as
other commodities — within West Africa itself, which is believed to reduce local precipitation in adjacent

forests by up to 50%. Local deforestation is also increasing the occurrence of extreme climate events in
the region.

4 Compared to 2020.
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https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2021GL095136#:~:text=This%20process%20of%20rainfall%20recycling%2C%20which%20is%20vital%20for%20sustaining%20the%20rainforest%2C%20is%20disrupted%20when%20forest%20is%20cut%20down.
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2014JD022586#:~:text=The%20complete%20removal%20of%20the%20Congo%20basin%20rainforest%20results%20in%20a%20dipole%20rainfall%20anomaly%20pattern%2C%20characterized%20by%20a%20decrease%20(%E2%88%BC%E2%88%9242%25)%20in%20rainfall%20over%20the%20western%20Congo%20and%20an%20increase%20(%E2%88%BC10%25)%20in%20the%20basin%27s%20eastern%20part
https://news.agu.org/press-release/the-congo-rainforest-makes-its-own-spring-rain/#:~:text=%E2%80%9CThis%20suggests%20that,in%20the%20study.
https://news.agu.org/press-release/the-congo-rainforest-makes-its-own-spring-rain/#:~:text=%E2%80%9CThis%20suggests%20that,in%20the%20study.
https://www.wri.org/insights/deforestation-heat-stress-tropics#:~:text=Through%20evapotranspiration%2C%20for,facilitating%20further%20cooling.
https://www.wri.org/insights/deforestation-heat-stress-tropics#:~:text=Through%20evapotranspiration%2C%20for,facilitating%20further%20cooling.
https://rmets.onlinelibrary.wiley.com/doi/epdf/10.1002/asl2.416#page=5
https://www.researchgate.net/publication/248409833_Impact_of_Congo_Basin_deforestation_on_the_African_monsoon#pf4:~:text=In%20JJA%2C%20this%20low%20strengthens%20the%20West%20Africa%20monsoon%20causing%20increased%20precipitation%20over%20the%20Sahel%20and%20decreased%20precipitation%20over%20the%20Guinea%20coast.
https://www.researchgate.net/figure/Mean-precipitation-mm-and-850-mb-wind-for-the-2000-2007-JJAS-a-and-ONDJF-b-season_fig3_248409833#:~:text=Precipitation%20differences%20(in%20percentage)%20and%20wind%20differences%20at%20850%20mb%20between%20FOR%20and%20REF%20in%20the%20JJAS%20(c)
https://www.researchgate.net/figure/Mean-precipitation-mm-and-850-mb-wind-for-the-2000-2007-JJAS-a-and-ONDJF-b-season_fig3_248409833#:~:text=Precipitation%20differences%20(in%20percentage)%20and%20wind%20differences%20at%20850%20mb%20between%20FOR%20and%20REF%20in%20the%20JJAS%20(c)
https://www.sciencedirect.com/science/article/pii/S0264837723003885#:~:text=a%20combination%20of%20small%2Dscale%20agriculture%2C%20villages%2C%20and%20roads%20contributes%20to%20the%20majority%20of%20observed%20deforestation%20and%20degradation
https://www.cifor-icraf.org/publications/pdf_files/Books/State-of-the-Forests-2021.pdf#page=61
https://www.cifor-icraf.org/publications/pdf_files/Books/State-of-the-Forests-2021.pdf#page=61
https://cabiagbio.biomedcentral.com/articles/10.1186/s43170-024-00310-6#:~:text=Global%20annual%20cocoa%20production%20for%20the%202021%E2%80%932022%20season%20was%20estimated%20at%204.82%20million%20tons%2C%20with%20Africa%20contributing%2074.5%25%2C%20while%20Asia%20and%20Oceania%20accounted%20for%205.5%25%20(Fig.%C2%A02)%20(ICCO%2C%202023c).
https://cabiagbio.biomedcentral.com/articles/10.1186/s43170-024-00310-6#:~:text=Global%20annual%20cocoa%20production%20for%20the%202021%E2%80%932022%20season%20was%20estimated%20at%204.82%20million%20tons%2C%20with%20Africa%20contributing%2074.5%25%2C%20while%20Asia%20and%20Oceania%20accounted%20for%205.5%25%20(Fig.%C2%A02)%20(ICCO%2C%202023c).
https://www.climate.gov/news-features/climate-and/climate-chocolate#:~:text=Cacao%20can%20only%20grow%20within%20about%2020%C2%B0%20north%20and%20south%20of%20the%20equator
https://link.springer.com/article/10.1007/s13593-018-0552-0#:~:text=Water%20limitation%20is%20currently,et%20al.%202015).
https://news.mongabay.com/2011/09/converting-rainforest-to-cropland-in-africa-reduces-rainfall/#:~:text=The%20study%2C%20based,of%20rain%20clouds
https://news.mongabay.com/2011/09/converting-rainforest-to-cropland-in-africa-reduces-rainfall/#:~:text=The%20study%2C%20based,of%20rain%20clouds
https://www.preventionweb.net/news/deforestation-causing-more-storms-west-africa-finds-30-year-satellite-study#:~:text=Our%20research%20shows%20that%C2%A0deforestation%20in%20west%20Africa%20has%20made%20storms%20more%20frequent%C2%A0and%20thus%20increased%20the%20risk%20of%20disastrous%20flash%20flooding%20in%20the%20region%E2%80%99s%20coastal%20cities
https://www.preventionweb.net/news/deforestation-causing-more-storms-west-africa-finds-30-year-satellite-study#:~:text=Our%20research%20shows%20that%C2%A0deforestation%20in%20west%20Africa%20has%20made%20storms%20more%20frequent%C2%A0and%20thus%20increased%20the%20risk%20of%20disastrous%20flash%20flooding%20in%20the%20region%E2%80%99s%20coastal%20cities
https://www.preventionweb.net/news/deforestation-causing-more-storms-west-africa-finds-30-year-satellite-study#:~:text=Our%20research%20shows%20that%C2%A0deforestation%20in%20west%20Africa%20has%20made%20storms%20more%20frequent%C2%A0and%20thus%20increased%20the%20risk%20of%20disastrous%20flash%20flooding%20in%20the%20region%E2%80%99s%20coastal%20cities
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sensitive to drought because it evolved in the humid Amazon Basin and has not
adapted to the water stress from West Africa’s prolonged dry seasons. As a result,
global cocoa supplies are particularly vulnerable to climate and land-use changes in
the region.

Cacao cultivation in Africa is mostly low-tech, performed by smallholder farmers and
relies almost entirely on rainfall, rather than irrigation. This rain-fed system makes
crops highly dependent on reliable rainfall — a critical vulnerability given the crop’s low
drought tolerance. Seasonal dry spells can severely reduce vields, and prolonged
droughts can devastate entire harvests.’

Scientists believe that once forest loss exceeds a critical threshold, an irreversible
ecological shift or ‘tipping point’ could be reached and the forest’s rain pump
mechanism lost. Once gone, the mechanism cannot be fully restored, leading to
persistently drier conditions locally and across West Africa, with cascading effects for
supply chains. The threshold could be as low as 30% forest loss, or even lower, and
Central Africa is estimated to have already |lost 9% of its forests since 2000.

Impacts will be felt throughout the cocoa supply chain

Cocoa is not an easy raw material to replace in the confectionery industry, given its
distinctive flavour and properties. As a result, prices tend to rise sharply when global
cocoa supplies are low and buyers compete for limited stocks. The supply is highly
inelastic, meaning production cannot be easily ramped up in response to a crisis, and
even modest supply shocks trigger dramatic price swings.

For example, prices rose more than 400% in 2024 following crop failures in West Africa
due to unseasonal wet weather followed by drought during the rainy season, driven by
climate change.® Swiss chocolate maker Barry Callebaut dropped its annual sales
forecasts for 2025 due to “unprecedented volatility” in cocoa prices, resulting in a
20% drop in share prices.

Despite Africa’s dominance in cocoa production, the continent only reaps a small
fraction of the value of the global cocoa industry. Farmers earn less than 7% of the
final price when cocoa is sold as a chocolate, one of the smallest shares in the supply
chain.” Europe, the world’s largest importer of cocoa beans, captures the most profits

® Poor adaptation to local conditions also makes cacao trees susceptible to disease — a major
contributor to reduced harvests in recent years.

6 Climate change is increasing the frequency of flooding and heatwaves in West Africa, and is
anticipated to increase the severity of dry spells, reduce rainfall, and shift the timing of wet and dry
seasons for parts of the West African cocoa belt.

’ Many farmers live in extreme poverty, often earning less than USD 1a day, yet are reliant on this source
of income.
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https://link.springer.com/article/10.1007/s13593-018-0552-0#:~:text=Water%20limitation%20is%20currently,et%20al.%202015).
https://zerocarbon-analytics.org/archives/food/smallholder-farmers-agricultural-sustainability-and-food-security#:~:text=Around%2090%25%20of%20cocoa%20growers%20are%20smallholder%20farmers%2C%20farming%20on%20land%20less%20than%20five%20hectares%20in%20size%20and%20employing%205%2D6%20million%20people.%20Seventy%20percent%20of%20cocoa%20grown%20globally%20is%20exported.%C2%A0
https://cgspace.cgiar.org/items/67a15575-c440-4433-a714-18322f486613#:~:text=D%E2%80%99Ivoire%20and%20Ghana-,Implications%20of%20changes%20in%20water%20stress%20and%20precipitation%20extremes%20for%20cocoa%20production%20in%20C%C3%B4te%20D%E2%80%99Ivoire%20and%20Ghana,-Authors
https://www.sciencedirect.com/science/article/pii/S0378377424003305#:~:text=results%20indicate%20a%20strong%20negative%20effect%20of%20reducing%20water%20availability%20during%20the%20wet%20season%20on%20leaf%20physiology%2C%20pod%20production%20and%20cocoa%20yield.
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0200454&type=printable#page=1
https://zerocarbon-analytics.org/archives/science/temperature-overshoot-and-tipping-points#:~:text=income%20from%20tourism.-,Climate%20tipping%20points,-Overshooting%20temperature%20targets
https://zerocarbon-analytics.org/archives/science/temperature-overshoot-and-tipping-points#:~:text=income%20from%20tourism.-,Climate%20tipping%20points,-Overshooting%20temperature%20targets
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in the higher-value stages of processing and manufacturing. The Netherlands and
Belgium, for example, import cocoa beans, process them, then export cocoa products
at a premium.

New ZCA analysis shows how deforestation could reduce
production and destabilise global cocoa markets

New analysis by Zero Carbon Analytics shows how deforestation in the Congo Basin
could disrupt cocoa production in the nine countries that make up three-quarters of
global supply: Cameroon, the Central African Republic, Equatorial Guinea, the
Democratic Republic of the Congo, and the Republic of Congo in Central Africa, and
the West African countries of lvory Coast, Ghana, Gabon and Nigeria.

Using deforestation trajectories and regional climate dynamics,® research on how
cocoa plants respond to drought,® and the behaviour of cocoa in commodity
markets,'® we projected how declining rainfall could reduce production and destabilise
global cocoa trade.

8 Smith et al. (2023) projected that Congo Basin forest loss could reduce rainfall in the basin by 8-10%
on average by 2100. We extracted country-specific forest loss percentages for Cameroon, the Central
African Republic, the Republic of the Congo, the Democratic Republic of Congo, Equatorial Guinea and
Gabon from Eigure 4c. To capture how sensitive each region’s rainfall is to forest loss, we used Smith’s
country-specific rainfall decreases for 2100 and translated forest loss percentages into rainfall
reduction percentages for each country. For Ivory Coast, Ghana and Nigeria, we synthesise evidence
from two climate modeling studies: Nogherotto et al. (2013) modeled complete removal of Congo Basin
forest and found this reduced monsoon rainfall along the Guinea Coast by up to 20% (see Figure 2 in
source). Since our analysis uses the partial deforestation trajectory from Smith et al. (2023), we linearly
scale Nogherotto's estimates, acknowledging this assumes a linear relationship that may not hold across
all deforestation levels. Duku & Hein (2021) simulated 50% tree cover loss in the Guineo-Congolian
region and found rainfall reductions in West Africa of approximately 5-10% (Figure 5, panel a, in source),
consistent with our linearly scaled estimate.

° We drew from controlled field studies of cocoa in West Africa showing that 67% rainfall reduction
causes 31% vield loss in cocoa trees, and scaled this to our rainfall reduction trajectory. We used an
exponential decay function to capture the non-linear response of plants to water stress, where each
additional percentage point of drought inflicts disproportionately more damage.

9 To model cocoa price responses to production scarcity, we implemented an exponential function
reflecting commodity market dynamics. We calculated a ‘scarcity multiplier’ as exp(6.5 x production
loss share), capped at 4.0x (400% increase), where production loss is derived from
deforestation-driven yield declines. The coefficient of 6.5 captures cocoa's extreme supply inelasticity,
with relatively small supply reductions generating outsized price increases (a 10% production loss yields
a 192x price multiplier, while a 20% loss approaches the 4.0x maximum). The multiplier is applied to
baseline price projections of annual growth, a climate risk premium and adjusted for long-run demand

elasticity (-0.57).
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African cocoa producers could face substantial yield losses due
to rainfall decline caused by deforestation
Our analysis showed that deforestation-induced rainfall decline is projected to reduce

cacao yields in all nine assessed countries, with cumulative losses totalling 256,000
tonnes across the nine countries by 2030, and 3.06 million tonnes by 2050 (Figure 1).

Figure 1

Congo Basin deforestation will reduce cacao yields,
with substantial losses for major producers

Cumulative production losses from Congo Basin deforestation-induced rainfall
decline, 2025-2050
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Major cocoa producers could face substantial losses, which could destabilise local
economies. lvory Coast, the biggest producer, could see cumulative losses of almost
1.6 million tonnes by 2050, around 80% of its current annual production volume. Cocoa

is the biggest export commodity in lvory Coast, making up roughly one-third of
exports.

Losses could total 866,000 tonnes in Ghana, 377,000 tonnes in Nigeria and 205,000
tonnes in Cameroon by 2050. Cocoa accounts for more than half of agricultural
exports in all three countries.

Deforestation will have an increasingly big impact on cocoa prices

Our model projected how the price of cocoa would change until 2050, and how much
deforestation would impact future prices. We looked at three components that drive
cocoa price and compared their impacts over time. The components were:

Baseline market growth, the projected annual growth of the cocoa market"
A climate risk premium, as cocoa production becomes increasingly
susceptible to climate change impacts” and commodity markets are
increasingly pricing climate risk into long-term contracts™"

"Based on the International Cocoa Organisation (ICCO) historical trends of a 5.1% compound annual
growth rate (CAGR) 2000-2020, which excludes the dramatic price spike observed over 2024-2025.
2 AnaIyS|s indicates that by 2050, mcreased drought severity will impact 80% of cocoa production in

t and virt tion in . Most areas will experience modest increases, but
substantial portions wiII face moderate drought intensification.

" We included a 2% climate risk premium to capture forward-looking market expectations of climate
impacts. Recent research shows that climate risk has significant predictive power for agricultural

commodity prices, with investors willing to pay up to 295 basis points annually to access climate risk
information. A 2024 study on EU cocoa markets found that extreme drought events alone could

increase prices by 110-180% during crisis years by 2050 under climate change scenarios RCP2.6 and
RCP8.5, respectively. Again, our climate premium, which compounds to a 209% increase by 2050, is
broadly consistent with these estimates. Our climate premium is also consistent with estimates from
sovereign bond markets, where countries highly exposed to climate risk face risk premiums of 113% to
2.75%, and with growing evidence that physical climate impacts are materially priced into commodity
and capital markets. While bond risk premia aren’t directly transferable to commodity pricing, they
indicate the scale of climate risk being priced into markets. The NGFS (2024) further notes that
investors are now adjusting expected returns across asset classes to account for nature-related
physical risks such as deforestation, biodiversity loss and food system disruption.

" Our deforestation analysis focuses on systematic, gradual climate impacts, meaning it may
underestimate costs from acute climate risks, including extreme weather events. The 2024 cocoa crisis,
which triggered 400% price increases, shows how acute climate shocks can generate economic
impacts far exceedmg our model’s prOJectlons Similarly, El Nifio-Southern Oscillation (ENSO) events
have in major cocoa-producing regions.
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e The cost of yield losses from deforestation and price increases as
supplies shrink.

Our projections showed that deforestation will have an increasingly big impact on
cocoa prices (Figure 2). Until 2030, normal market growth is expected to account for
the majority of cocoa price (>80%), with climate risk and deforestation having a
relatively small impact. In 2030, we project a cocoa price of USD 11.6 per kilogram,

lower than the peak price of almost USD 13 per kilogram seen during the 2024 supply
crisis.

Figure 2

Congo Basin deforestation will have an increasingly
big impact on cocoa prices over the coming decades

Cocoa price broken down into market growth, climate premium and deforestation impacts,
2030-2050
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2030 B e ieeemeememisssesssssessssssssssssssssssssssssmsssssEsSSESEASSSEESSiESEASiSSERASSSRRASSSSRASSSSRASSSESASSssssSisssssisssssssssssssss
Deforestation accounts for
just 1% of the total price in

2035 2030

2040

2045 This rises to 40% by 2050 as

the effects of forest loss
accelerate

pjelsled o S L R R

30 40 50 60 70 80 90

USD / kg

Source: ZCA analysis * The climate risk premium reflects that cocoa production will

. . . ) . . = Zero Carbon
become increasingly susceptible to climate change impacts, and commodity markets are = Analytics
increasingly pricing climate risk into long-term contracts.

By 2050, Congo Basin deforestation will persistently reduce rainfall and cocoa
production, resulting in shortages and triggering exponential price increases.” Our
projections show a cocoa price of USD 68.1 per kilogram in 2050 - almost six times the

' Our model includes a demand elasticity adjustment that provides some tempering effect as high
prices reduce consumption. We use a long-run demand elasticity of —0.57 based on economic research
on global cocoa markets. Cocoa’s limited substitutability keeps demand relatively inelastic, meaning
price increases largely persist because there is no alternative for buyers to turn to. Our model assumes
static production systems, with no adoption of drought-resistant cacao varieties or irrigation.
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2030 price.” By this time, normal market growth will account for just 37.3% of the
price, the climate premium will contribute a modest 22.5%, and deforestation will have
the biggest impact, driving 40.2% of the price.

Without deforestation, normal market growth plus the climate risk premium would
result in a 2050 price of USD 41 per kilogram, just over three times the peak price
during the 2024 supply crisis. Deforestation risk escalates this price by nearly
two-thirds.

Production losses would cost major EU cocoa importers

The rising price of cocoa could have significant cost implications for importers,
particularly in Europe. Using Trase Earth's data on cocoa exported from the Ivory
Coast,” the region’s biggest cocoa exporter, we estimated what increased cocoa
prices could mean for the 15 European countries that account for the majority of
imports: The Netherlands, Germany, Belgium, France, the United Kingdom, Italy, Spain,
Estonia, Bulgaria, Poland, Croatia, Russia, Portugal, Greece and Switzerland.”®

Assuming shipment volumes remain stable at 2022 levels, deforestation could result in
these countries together paying USD 33.8 billion more for cocoa imports in 2050 than
in 2025 (Figure 3). Including baseline market growth and the climate premium, the
total costs exceed USD 84 billion — nine times the 2025 cost. Without the impacts of
deforestation, the 2050 costs drop to USD 50 billion, or 5.5 times the 2025 value.

These importers could face cumulative additional costs of USD 256 billion by 2050, if
no conservation action is taken to protect or restore forests — almost double the
entire global chocolate industry’s 2024 market value of USD 130 billion.

'® As a robustness check, we tested a Bayesian weighting approach that dynamically adjusts scenario
probabilities based on system stress indicators (forest loss rates, rainfall reduction intensity). This
approach results in a 2050 cocoa price of USD 81/kg versus USD 68.1/kg in our main model — a
difference of 20% — suggesting our central estimates may be conservative. The Bayesian approach
helps quantify uncertainty about the severity and timing of climate impacts while confirming our core
finding that deforestation-driven climate impacts pose substantial economic risks to cocoa production.
7 We used 2022 export data and assumed static imports from 2022 levels for all years into the future.
8 From the Trase Earth dataset we extracted the trade volume (in tonnes) and multiplied this by our
price estimates for different years, broken down into normal market growth, climate premium and
deforestation components.

" Listed in order of export volume from biggest to smallest.
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Figure 3

Congo Basin deforestation could cause major
European importers to pay USD 33.8 billion more for
cocoa in 2050, compared to 2025

Total cost of importing Ivory Coast cocoa beans to major European importers
USD billion

Deforestation cost impact @ Cost excluding deforestation

2025

The total cost of
imports in 2050 will
be USD 84 billion —
nine times the 2025

Source: ZCA analysis, Trase Earth supply chain data « Importing countries included are
Netherlands, Belgium, Germany, France, Italy, Spain, UK, Estonia, Bulgaria, Poland,
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Croatia, Greece, Switzerland, Russia and Portugal. Together, these countries account = Analytics
for the majority of imports of lvory Coast cocoa.

Values assume static import volumes from Ivory Coast from 2022 levels.

For the Netherlands, the biggest importer of lvory Coast cocoa, rainfall decline due to
deforestation could mean shipments cost an additional USD 1.8 billion in 2035, USD 4
billion in 2040 and USD 13.1 billion in 2050, compared to 2025. Combined with normal
market growth and climate disruption, this results in a 2050 cost for the same volumes
of almost USD 33 billion (Figure 4).

Belgium and Germany, the next biggest importers, could see deforestation raise the
cost of shipments by USD 6 billion and USD 4.4 billion in 2050, respectively, bringing
overall costs to between USD 15 billion and USD 11 billion.
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Figure 4

Top five European cocoa importers will face rising
costs from deforestation in the Congo Basin
Additional deforestation-driven costs for Ivory Coast cocoa imports, 2030-2050
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To put these figures into perspective, the additional cost for the Netherlands in 2050
equals around 3% of its 2025 annual government budget, or nine times the
controversial higher education cuts that sparked debate in April 2025. For Belgium, the
2050 cost increase represents around 1% of GDP, and in Germany, the additional cost

it equivalent to the funds earmarked for supporting companies’ green transition.

There is a critical window for intervention

While impacts remain manageable through the early 2030s, they accelerate
dramatically after 2040, transforming from millions to billions in annual costs. This
trajectory suggests that without immediate action to halt deforestation, annual import
costs could exceed what major buyers can absorb, undermining the viability of the
lvory Coast’s cocoa sector and passing costs on to consumers.
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https://www.reuters.com/sustainability/sustainable-finance-reporting/germany-earmark-4-bln-eur-industry-decarbonization-subsidies-source-2024-02-16/#:~:text=The%20German%20government%20will%20earmark%20some%204%20billion%20euros%20(%244.31%20billion)%20for%20subsidies%20to%20support%20energy%2Dintensive%20firms%20switching%20to%20green%20production%2C
https://www.sciencedirect.com/science/article/pii/S2665972724000278#:~:text=Diminished%20yields%20lead,traditional%20farmer%20incomes.

Analytics

New EU regulations, expected by 2026, will require cocoa imports to be
deforestation-free. In response, the European Investment Bank (EIB) issued a EUR 100
million loan to the Ivorian national investment bank (Banque Nationale
d'Investissement, or BNI) to support sustainable cocoa production, youth and female
employment, and traceable, certified supply chains in Ivory Coast.

In addition to promoting sustainable cocoa production, Ivory Coast and the EU are
collaborating on large-scale reforestation and forest protection initiatives aimed at
reversing decades of environmental degradation. These efforts are supported by an
additional EUR 150 million investment from the EIB, which is helping to finance the
country’s national forest preservation, rehabilitation, and expansion strategy.

Analysis shows that Congo Basin conservation is cheaper
for the EU than the cost of inaction

Comparing Ivory Coast cocoa trade data with the future cost of deforestation reveals
a clear economic case for importers to invest in forest conservation in the Congo
Basin. The projected cost impacts of deforestation for all EU countries up to 2050 are
enough to fund comprehensive conservation for multiple decades, preventing damage
and supporting sustainable development across Central Africa. The EU is the largest
importer of Ivory Coast cocoa, importing 116 million tons across 12 EU countries in
2022.

We compared the cumulative costs the EU could face by 2050?%° against recent
investments made in conservation interventions in the region” and found that funding

2 All values used in the intervention analysis are present-value adjusted. Present value calculations
employed a 3% discount rate over 25 years (2025-2050), with annual additional costs calculated as
import volumes (tonnes) x 1000 x deforestation price impact (USD/kg), discounted to 2025 present
value using standard financial formulas: PV = 1/(1+r)An, where r is the discount rate and n is the number
of years from the base year. USD 256 billion here, when present-value adjusted, results in a value of USD
146 billion.

7 The interventions include Regreening Africa, which focuses on FMNR in Ghana and Rwanda and has an
average implementation cost of USD 115 per household every six years, as well as the Northern Congo
Agroforestry Project, which includes cocoa-banana agroforestry at USD 1005 per hectare, and
subsistence-type agroforestry at USD 861 per hectare, which are one-off costs.
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https://www.eib.org/en/stories/ivory-coast-sustainable-cocoa-finance#:~:text=Cocoa%20with%20a%20conscience%3A%20Funding%20fair%20and%20forest%E2%80%91friendly%20beans
https://www.eib.org/en/stories/ivory-coast-sustainable-cocoa-finance#:~:text=Cocoa%20with%20a%20conscience%3A%20Funding%20fair%20and%20forest%E2%80%91friendly%20beans
https://regreeningafrica.org/wp-content/uploads/2023/08/RegreeningAfrica-Final-Report_29Aug-ONLINE.pdf#page=30
https://documents1.worldbank.org/curated/en/099052324161529692/pdf/P16618918e086f0bf1a96d129f9bdd1e3dd.pdf#:~:text=1%20ha%20of%20cocoa,and%202%2C151%20ha%20of%20subsistence
https://documents1.worldbank.org/curated/en/099052324161529692/pdf/P16618918e086f0bf1a96d129f9bdd1e3dd.pdf#:~:text=1%20ha%20of%20cocoa,and%202%2C151%20ha%20of%20subsistence
https://www.sciencedirect.com/science/article/pii/S2950370124000105#:~:text=Dasgupta%20(2021)%20finds%20that%20the%20vast%20majority%20of%20economists%20find%20a%20social%20discount%20rate%20of%201%E2%80%89%25%20to%203%E2%80%89%25%20appropriate%20for%20long%2Drun%20public%20projects.
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actions to prevent deforestation in the Congo Basin?* could be economically
beneficial, offering viable economic returns for sustainable finance.

We compared six conservation scenarios, each involving different shares of three
intervention types:

e Farmer-Managed Natural Regeneration (FMNR), a low-cost land restoration
technique focused on growing trees and shrubs, including for food and
timber

e Subsistence agroforestry, where trees are integrated into agricultural land to
bolster food security

e Cocoa-banana agroforestry, or the co-growing of cocoa and banana trees.

Our conservation scenarios ranged from a low-cost community approach weighted
towards FMNR, to a food security-focused scenario that is predominantly
subsistence-based, and scenarios implementing different levels of agroforestry
(Figures 5a and 5b).

All of the intervention scenarios provide clear benefit-cost ratios by 2050, when
they are anywhere between 50% to 100% successful at preventing
deforestation-induced price increases.” Investments in conservation in the Congo
Basin are robust, meaning they maintain positive returns even when projects are only
50% successful.?®

22 \We defined our target intervention area based on the Congo Basin area deforested over 2003-2017.
We used the geographic bounds from Smith et al. (2023), which encompass the Congo Basin forests
whose loss affects rainfall in cocoa-producing regions and for which we based our climate-economic
model on. We extracted grid cells (Smith et al. Figure 1a) with non-negligible tree cover loss (>5%) over
the period 2003-2017. This resulted in an intervention area of 427,477 km2 (or 21.7% of the Congo Basin
broadleaf evergreen forests). We calculated population sizes by overlaying WorldPop spatial data and
extracted the population density (people/km2). Based on this, we calculated an average population
density for our intervention area. Surveys report that the average household size in the region is 5
people. Using this together with our people/km2, we were able to estimate how many households are in
our intervention area for targeting.

% Benefit-cost ratios (BCRs) were calculated as present value of avoided EU import costs divided by
present value of intervention investments, with economic viability defined as BCR 2 1.0.

4 The analysis calculates the potential reduction in deforestation-driven cocoa price increases under
varying intervention success rates (50%, 70%, 100%) to determine what portion of those projected
price increases can be prevented, while maintaining full program costs regardless of outcomes. For
example, a 50% success rate means that interventions successfully prevent 50% of projected
deforestation (and therefore 50% of the associated modelled price impacts), but 100% of program
costs are still incurred.

% Qur estimates are likely conservative because we have only included Ivory Coast, which accounts for
approximately 50% of cocoa production in Africa, meaning the total economic impact of regional
deforestation on EU importers could be larger when including other major producers such as Ghana,

Nigeria and Cameroon.
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https://www.nature.com/articles/s41586-022-05690-1#:~:text=Fig.%201%3A%20Tropical%20evergreen%20broadleaf%20forest%20cover%20loss%20from%202003%20to%202017.
https://www.nature.com/articles/s41586-022-05690-1#:~:text=a%E2%80%93f%2C%20Forest%20cover%20change%20at%200.05%C2%B0%20(a)%2C%200.1%C2%B0%20(b)%2C%200.25%C2%B0%20(c)%2C%200.5%C2%B0%20(d)%2C%201.0%C2%B0%20(e)%20and%202.0%C2%B0%20(f)%20resolution.%20The%20Amazon%20Basin%2C%20Congo%20Basin%20and%20SEA%20regions%20used%20in%20this%20study%20are%20outlined%20in%20purple.%20Maps%20of%20the%20different%20regions%C2%A0generated%20using%20Cartopy%20and%20Natural%20Earth51.%20Forest%20loss%20data%20from%20ref.%E2%80%8910.
https://www.worldpop.org/
https://www.tandfonline.com/doi/full/10.1080/00324728.2024.2427580?af=R
https://www.tandfonline.com/doi/full/10.1080/00324728.2024.2427580?af=R
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Figures 5a and 5b

Investing in Congo Basin conservation promises

avoided import costs for the EU

Cost-benefit ratios for different conservation scenarios in the Congo Basin, at
different project success rates

100% success 75% success 50% success

Low-Cost Community

o —— 6.00 420 3.00

Food Security Focus 5.40 3.80

Diversified Portfolio 490 3.40 2.50
Income Generation Focus 4.40 310 2.20

Equal Agroforestry Mix 3.70 260 “

Cocoa/Banana-Dominant
Strategy

3.60 2.50

Source: Zero Carbon Analytics analysis « A 6.00 cost-benefit ratio implies that the EU
would benefit from 6 USD in avoided cocoa import costs for every 1USD invested.
Success rate refers to the success at preventing deforestation, and therefore
deforestation-induced price increases. Full program costs are maintained, regardless of
outcomes.

Zero Carbon
Analytics

Congo Basin conservation scenarios, focused on
different types of deforestation interventions

Scenario name Description

Low-Cost Community Approach 40% FMNR, 30% Subsistence Agroforestry, 30% Cocoa/Banana Agroforestry

Food Security Focus 30% FMNR, 50% Subsistence Agroforestry, 20% Cocoa/Banana Agroforestry
Diversified Portfolio 25% FMNR, 40% Subsistence Agroforestry, 35% Cocoa/Banana Agroforestry
Income Generation Focus 20% FMNR, 20% Subsistence Agroforestry, 60% Cocoa/Banana Agroforestry
Equal Agroforestry Mix 0% FMNR, 50% Subsistence Agroforestry, 50% Cocoa/Banana Agroforestry

Zero Carbon
Analytics
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The scenario that emphasises community-led restoration, which focuses on FMNR,
showed the highest benefits. Returns range from 3:1 at 50% success to 6:1 at 100%
success, meaning the EU could benefit from USD 3 to USD 6 in avoided costs by 2050
for every dollar it invests in community-led restoration.

Agroforestry-focused strategies showed slightly lower cost-benefit ratios, but still
promise returns and may prove more sustainable in the long term, as they generate
direct income streams that provide farmers with ongoing economic incentives to
maintain projects, and give access to food and fodder.

The choice between strategies should ultimately depend on project-specific
objectives, whether that be immediate cost-effectiveness, long-term sustainability,
community ownership, or economic resilience.
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