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Briefing paper

Scenarios for role of Central African forests in regional climate regulation

What do experts think? All agree that there are uncer-
tainties but a major reduction in the Central African 
forest will influence regional temperatures and rainfall, 
leading to a warmer, more variable and more drought 
prone climate. What do they judge “likely”? Some are 
more optimistic than others noting that any decline in 
rainfall due to deforestation may be somewhat coun-
terbalanced by an intensification of the water-cycle 
due to warming (this is often predicted¹ but not yet 

observed); most are more pessimistic, recognising the 
likely disruption of feedbacks that maintain rainfall 
within the continental interior. Many consider a marked 
shift in the climate is probable. Even if the initial impact 
of forest loss on rainfall may appear gradual, there is 
likely to be tipping point beyond which there is rapid 
change and any options for recovery would require 
many decades to implement.

Need to take large forest blocks into account in terms of policy considerations

Africa’s forests sustain and stabilise the region’s climate 
providing major benefits. Changes to these forests 
will impact rainfall, temperatures and water security 
throughout the continent. If the forests are degraded 
such benefits will decline. In some credible scenarios 
these impacts are severe. Whatever weight one might 
give the likelihood of these scenarios, unless they can 
be ruled out, they require acknowledgement. The 
costs of neglect are potentially severe. Reducing risks 
requires maintaining forest and forest functions through 

large-scale forest conservation and suitable land-uses, 
such as agroforestry, that coexist with forest and sustain 
tree cover.

While forest loss increases threats, forest gain and 
protection reduces them. Protecting, maintaining and 
restoring forest offers an effective means to com-
bat global climate change2,3 and to protect against 
regional water scarcity, unreliable rainfall and heat 
extremes4.
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Context

Here, drawing on recent advances, I examine the sig-
nificance, and practical implications, of Central African 
forest for Africa’s climate and water. 

Climate change poses dangers. Two thirds of the 
world’s population already suffer seasonal water 
scarcity5,6. Between 1960 and 2016 per capita global 
freshwater reserves halved7 and many ground water 
reserves will soon be depleted8. Furthermore, over the 
last century droughts and floods killed at least eleven 
and seven million people respectively while half a 
billion people were left requiring emergency aid9. 
Extreme heat events have impacted millions more10. 
Such factors fuel conflict and migration, and have 
stalled achievement of the United Nations Sustainable 
Development Goals11. Further, climate change and 
population growth will exacerbate these problems12. 
Many among the most vulnerable live in Africa where, 
even without land-use change, the magnitude and rate 
of predicted climate change is a recognised threat4,13,14. 

Explaining the relationship 
between forests and climate

Vegetation influences climate in many ways12,13. 
Tropical forests are typically taller and darker (lower 
light and heat reflection), possess a greater area of 
leaves for a given area, and offer greater resistance 

to wind (greater roughness) than most alternative 
land-covers. Tropical forests provide year round 
cooling and stabilise temperatures15. They also provide 
water vapour and the condensation nuclei that pro-
mote cloud formation. The many mechanisms by which 
trees influence water availability—e.g., infiltration, soil 
storage, stem storage, root access, hydraulic lift, dew 
and cloud capture, aerosols—each have their own 
dependencies and scales of action. Many of these 
aspects are poorly characterized and remain simpli-
fied or absent in modern climate models.

Much of the rain over land derives from evaporation 
from land though values vary with location, season 
and wind patterns16 (Figure 1 a, b). Both the likeli-
hood and volume of rain are sensitive to atmospheric 
moisture, e.g., a 10% drop in relative humidity may 
reduce precipitation by over 50%17 thus even small 
changes in humidity can have a marked influence on 
rainfall18,19. Air that passes over forests captures more 
water and produces more rain than air that passes 
over sparse vegetation or open water20 (Figure 1c). 
Less well understood is how forest cover influences air 
movement and circulation.

Researchers often predict the climate impacts of 
changes in land-cover using models. Such simulations 
can provide plausible results, for example, indicating 
that large-scale tropical deforestation can reduce 
local rainfall by 40%22. Unfortunately, models fail to 
simulate key features of the water-cycle (especially 

Figure 1. Estimated proportion of recycled rain by where it arrives (a); by where it originates (b); and the regional role of 
forest (c). (a) Annual average continental precipitation recycling ratio (% of precipitation that is derived from land sources): 
dark red indicates that over 50% of moisture derives from land—figure developed by and sourced from21. (b) Annual aver-
age continental evaporation recycling ratio (% of evaporation that falls on land downwind). (c) Relationships between daily 
rain and cumulative exposure of the local winds to a forest canopy over the previous ten days (measured by “cumulative leaf 
area index”) for 2001–2007. Number of calendar months (red shade scale) with significant (P<0.01) positive relationships 
between rain and canopy density. Stippling denotes regions where rain is a factor of at least two greater where the wind 
arrives from dense forest versus open areas. Green contour delimits forest areas with>3m2m-2 mean leaf area. Sourced and 
simplified from20.
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in the tropics)1,23-25. Because models lack reliability, 
researchers must also draw on theory and observations 
to judge plausible outcomes.

Many researchers believe that abrupt shifts in climate 
may result from changes in forest cover. There is less 
agreement about the nature and likelihood of these 
shifts. These uncertainties relate to the nature and 
strength of the processes and feedbacks that determine 
rainfall. Various studies (mostly focused on Amazonia), 
have identified feedbacks between forests and rain-
fall suggesting that forest degradation can switch 
the region from wet to dry26,27. Such feedbacks also 
appear necessary to explain monsoons and the abrupt 
climate changes in the past, in Africa28 and else-
where29. One theory indicating a powerful feedback 
is the “Biotic Pump”30,31. This theory shows how natural 
forests maintain high evaporation, which support the 
ascending air motion over the forest and generates low 
pressures which draws in moist winds from the ocean, 
sustaining wet climates deep within continents30,32. 
Despite controversy, these ideas are gaining credibil-
ity33. Conventional models also agree that regional 
climates can switch from wet to dry and that any loss 
of forest increases this risk34.

The relationship between 
Central African forests and 
regional climate regulation

Sub-Saharan forest (> 10% tree cover) was cleared at 
around 34,000 km²y-1 from 2000 to 201035. Nearly 
two million km2 of closed forests remains supporting 
~112 petagrams of carbon36 in tree biomass and much 

*	  Note that percentages don’t add up precisely to 100%

more in soils37 and peatlands38 (n.b. one petagram = 
1015 grams). Estimates suggest 83% of West African 
and 93% of East African closed forests have been 
cleared since 1900, while Central Africa (which has 
~90% of the remaining closed forest) has been more 
stable until recently39, though ~10% was lost from 
2000 to 201440. 

Africa’s climate is warming, drying and becoming 
less predictable and the Sahara Desert expanded 
by ~10% over the twentieth century41. Available 
observations indicate year round warming, especially 
in the north, with extreme heat now common in the 
Sahel41. Rainfall has declined around the Niger Basin, 
the Congo Basin, the Gulf of Guinea41, and through-
out West Africa where extreme rainfall events have 
become more frequent42. Modellers generally ascribe 
these rainfall trends to global changes and shifts in 
ocean currents and atmospheric circulation43,44 but 
they also appear consistent with the consequences 
of forest loss. Models reveal large uncertainties in 
predicted rainfall trends for Africa41,45 but most sug-
gest reduced forest transpiration and slowing of the 
regional trade winds¹. 

Much of the rainfall within Africa is recycled21. 
Dependencies vary with location and seasons: for 
example, January rainfall in west Africa is mostly 
dependent on recycled moisture21,46. Atmospheric 
tracing methods show that Central Africa serves as a 
distribution hub for the continent’s atmospheric mois-
ture21,47,48. One tracing study estimated 40% of South 
Sudan’s rain came from Central Africa49 (Figure 2), 
another estimated 47%* for the Ethiopian Highlands50 
(Figure 3), while comparable values occur across the 
Sahel47. 

Figure 2. Estimated contributions of different sources to region centred on South Sudan rain (red cross) by air mass (black 
numbers), water mass (blue numbers), and actual precipitation (green numbers), sourced from49.
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The Congo Basin’s hydrology is less studied than other 
equatorial areas51,52. Water storage in the basin is 
lower and more transient than in the Amazon contrib-
uting just 14% (versus 40%) of dry-season stores53 and 
the atmosphere over equatorial Africa is drier than 
over Amazonia54. The impact of forest loss on rainfall 
will not be the same as observed in Amazonia. Rainfall 
becomes less seasonal from the coast to the interior in 
the Congo, likely a reflection of sustained recycling (as 
also found over the Amazon)55. 

Any decline in water is a concern. Some believe 
human activities have contributed to the continent’s 
aridity—the Sahel was considerably wetter just 5000 
years ago56 and land clearance and burning may 
have contributed to subsequent changes57,58. The rain-
fall in the Congo Basin is just sufficient to maintain the 
region’s forests during the dry season53. A large-scale 
decline in forest photosynthetic capacity associated 
with recent drying has been reported over the Congo 
Basin indicating that the region’s transpiration is sensi-
tive to reducing rainfall59. 

The influence of deforestation on 
regional climate and rainfall

Tropical deforestation impacts regional climates in var-
ious ways33,60,61. Extensive reductions in tree cover are 
generally associated with increased local temperature 
and temperature variation, and reduced evapotran-
spiration leading to less cloud, lower humidity and 
modified patterns of rainfall. Weakening monsoons 

have also been correlated to deforestation. Typically 
tropical forest cover losses of about 50% cause local 
temperature increases of around 1°C62.

Though results vary, model simulations suggest 
deforestation in Central Africa will cause localised 
warming, and some decline in rainfall and varied 
impacts across the continent63,64. For example, one sim-
ulation predicted that replacing forests with grasslands 
would increase temperature across the Congo Basin by 
2 to 3 degree while local rain would decline markedly 
with more varied impacts across the continent65. 

Large scale deforestation is likely to disrupt atmos-
pheric moisture transport. The overall volume and 
reliability of rainfall will decline while droughts and 
floods become more frequent. Locations furthest 
downwind from moisture sources are most vulnerable. 
Switching from wet to dry is possible leading to desic-
cation and further forest decline33. Regions, such as the 
Eastern Congo Basin that currently enjoy relatively wet 
climates, risk becoming arid. Prior to such a dramatic 
shift, rainfall would likely first become more variable 
and seasonal. Monsoons would be liable to fail. Fires 
would become frequent enhancing further forest loss. 
Interior moisture transport would weaken, more rain 
may fall near the coast and less in the interior. Such 
a decline, once underway, would be hard to prevent 
and would threaten all the values associated with these 
forests. 

Any large-scale forest loss involves risk to the local 
climate. The nature of the conversion matters too—
some agroforests, regrowth forest and plantations may 
possess some properties similar to those of old growth 
natural forests. The least risk requires the least change: 
i.e., maintaining as much forest in a natural state as 
possible. Indeed, a sensible approach is not to find 
the tipping point by breaching it, but rather to ensure 
a good margin of safety (suggested for the Amazon 
as ensuring the deforested area remains less than 20% 
of the natural extent)34. According to the Biotic Pump 
theory relatively continuous tree cover- is especially 
important near to major sources of atmospheric mois-
ture (e.g., coasts, wetlands, and other forests). 
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