
Background

Congo River Basin (CRB) in central Africa, the second-largest river basin in the world, after the Amazon¹, has an area of 
about 3.7Million km² and annual flow volume of about 1.3 km³. It covers nine riparian countries, including Central African 
Republic, Cameroon, Republic of Congo, Democratic Republic of Congo (DRC), Angola, Zambia, Tanzania, Rwanda, and 
Burundi¹,². CRB holds huge potentials for socio-economic growth and poverty alleviation for its nine riparian countries and 
the African continent, but access to its resources remains a challenge, primarily, due to the remoteness of the basin, poor 
governance, and critical lack of financial and technical capacity². Current threats to the basin include poor practices of 
natural resources management such as large-scale deforestation, uncontrolled urbanisation, and mining, which contribute 
to sedimentation and pollution. With increasing climate change (CC), these detrimental effects may be amplified. With 
no sustainable strategies of river basin management in place, there may be severe consequences on the water-intensive 
sectors, biodiversity, and health of about 120 million people of the CRB - who rely on the basin’s resources for their livelihood. 

Notably, the interaction between the outlined issues, act as both the cause and effect of conflicts³,⁴. However, new trend of 
transhumant migration from the Lake Chad region to, particularly, the north-eastern part of the CRB adds another layer of 
vulnerability and results in the emergence of newer types of conflicts⁵. With these conflicts, the CRB (in part) may continue 
to experience substantial migration³,⁴ in the coming years - not by choice but as the only option. Therefore, it is critical to 
accurately quantify and project climatic changes in various parts of the CRB and examine what impacts on population and 
economy they may have – to be better prepared. 

This policy brief is the first in a series of three that summarise the key messages from the Project - “Addressing climate- and 
water-driven migration and conflict interlinkages to build Community Resilience in the Congo Basin”. The Project was 
funded by the International Development Research Center (IDRC- Canada) and undertaken by the Congo Basin Water 
Resources Research Center (CRREBaC), based at the University of Kinshasa (DRC), in collaboration with UNU-INWEH 
(Canada),  over a period of 2019-2021. This Policy Brief is developed for attention and possible uptake by the following 
actors (non-exhaustive list): 

• Federal Agencies of the CRB riparian states dealing with water demand-supply management, sectoral water allocation 
and improving livelihood and resilience of local and pastoralist communities (e.g.  the Ministries of Planning, Energy, 
Public Health, Rural Development, Infrastructure, Public works, and Reconstruction). 

• Relevant UN Agencies and International humanitarian organisations.
• International donors active in water and climate change domains, and multi-lateral development banks. 
• River basin authorities (such as  International Commission of the Congo-Oubangui-Sangha Basin - CICOS).  
• Regional / continental Intergovernmental (political and water-centric) organisations / networks (such as the African 

Union, and African Ministers’ Council on Water -AMCOW) 
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Sources and Methods

Studies on CC in the CRB focused either on extreme 
events in the recent past⁶,⁷, or on average annual and 
seasonal precipitation and evapotranspiration in the 
future⁸. The former found a link between CC and flooding 
by identifying increased precipitation and soil moisture 
as the main factors of flood events; they also reported 
that CC was responsible for drought intensification, which 
affected 40 – 50 % of basin area. The later found marginal 
increases or decreases in annual rainfall depending on 
the location and predicted rainfall increase (+158 mm) 
during the wet season (December, January, February) for 
the period of 2074 - 2100. But the RCM (Regional Climatic 
Models) precipitation data used in the studies are known 
to differ significantly from the ground observations, in 
terms of magnitude and seasonal pattern. This suggests 
that the changes in extremes might not have been 
projected well. Arguably, while the average annual and 
seasonal precipitation values identified by previous 
studies are pertinent for classifying areas of progressive 
wetting and drying, it is the extreme events, which largely 
trigger conflicts and migration that need more attention 
and better understanding. 

Accordingly, the Project examined pattern of change of 
several hydro-climatic indices (including extreme ones) in 

actual past (1960 - 2018) and anticipated future (till 2100) 
in three CRB sub-basins (Uele, Aruwimi and Itimbiri)⁹ and 
over the entire CRB¹⁰ (Figure 1). Historical climate data 
(precipitation, maximum and minimum temperature, 
relative humidity, solar radiation, and wind speed) from 
on-the-ground stations, and space observations were 
used in combination with eleven RCMs to obtain hydro-
climatic daily time series for two emission scenarios - 
Representative Concentration Pathways (RCPs) 4.5 and 
8.5.  RCP 4.5 is a Moderate Emissions Scenario, which 
is characterised by medium effort to curb emission, 
moderate rise in extreme weather and medium cost of 
adaptation.  RCP 8.5 is a High Emissions Scenario that 
signifies low effort to curb emissions, large increase 
in extreme weather and high cost of adaptation. For 
the entire CRB, future changes in rainfall and drought 
regimes were assessed¹⁰ using climatic indices (Table 1) 
that mostly reflect extremes like floods and droughts.  A 
pattern of change in the indices between the reference 
period of 1976-2005 and three future periods (2011-
2040, 2041-2070, and 2071-2100) was assessed. The 
indices were calculated at 63 locations in the Basin using 
statistically standardized output of the 11 RCMs under the 
two emission scenarios. The indices were then spatially 
interpolated to create a CRB-wide view of the anticipated 
changes for both scenarios and all three time periods. 

Figure 1: Map of CRB showing three sub-basins (Uele, Aruwimi and Itimbiri)
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Key Findings 

1. In the immediate future, the total annual precipitation 
and SPEI over the CRB may increase - under both 
emissions scenarios - in the likely range of 1316 to 1959 
mm and 0.08 to 0.35 respectively. But the anticipated 
increases in SPI and high-precipitation events (PCP20) 
will likely be in the higher ranges with maxima of 0.87 
and about 11 days respectively (Table 2a and b). Even 
with all the uncertainty associated with large ranges, 
this clearly points to a much higher climatic variability 
and extremes in the CRB – compared to, for example, 
total precipitation - even in the nearest two decades. 
Also, for the nearest future of up to 2040, a high-
emission scenario is probably more applicable, as 
collective global action to curb the emissions will 
unlikely yield required results in the short-term.   

   
2. The “most variable future” climate will likely occur 

over the 2071 – 2100 period under both emission 
scenarios, although even higher change and 
variability are projected to occur at higher emissions 
– if they prevail. It is over that period and scenario 
where maximum increases in both total precipitation 
of 2140 mm (10%) and high-rainfall days of 15 days 
(79%) are likely to occur (Table 2). Also, it is over this 
period and scenario where both maximum (2.15) 
and minimum (-1.09) SPI values are anticipated, 
which points to higher interannual variability for the  
entire CRB (Table 2). 

3. The number of high-rainfall days - when rainfall 
exceeds 20mm – is projected to increase regardless 
of the period and scenario. Even under moderate 
emissions scenario in the nearest future, the increase 
is projected to happen in minimum of 2 days (11%), 
mean of 5 days (35%) and maximum of 11 days (95%) 

values of PCP20 (Table 2). The increases are, as a 
rule, larger for more distant futures and under a high 
emission scenario. Certifying that continuous increase 
in heavy rainfall events with its destructive power over 
the entire CRB is almost certain. 

4. The SPEI is projected to systematically decrease 
over the entire CRB independently of the period 
and scenario. Although precipitation was shown to 
increase over most of the basin, the reductions in 
SPEI suggest that increase in evapotranspiration (due 
to rise in temperature) will outweigh the increase in 
precipitation where rainfall is expected to rise and 
worsen the severity of drought where precipitation 
will decrease. Also, more severe reduction is 
expected to happen in means of (0.08, -0.2 and 
-0.57) from the present to the far future under high 
emissions scenario than under moderate emissions  
scenario (Table 2). 

5. The CMI of the north eastern part of CRB showed that 
Uele > Aruwimi > Itimbiri in terms of dry condition 
over the past decades. Moderately wet conditions 
were observed across the study period except 
for 1990 - 1999 - the driest decade (Table 3). The 
observed increases in total annual precipitation and 
SPI from the CRB-wide future projections (Table 2) is 
expected in the north-eastern (particularly, Itimbiri –  
the observed wettest sub-basin) and western 
parts of the CRB while increasing dry condition is 
anticipated in the center and the rest of the basin in  
the coming decades.

Table 1: Hydro-climatic Indices used for future projection of climate change in the CRB

Hydro-climatic Indices Acronym Description

Total Annual Precipitation PCPTot Measures the general wetness of an area.

Number of days when rainfall is above 20 
mm

PCP²⁰ Reflects the frequency of high rainfall events that may result in flooding.

Standardized Precipitation Index (12 
months)

SPI Quantifies normalized irregularities in precipitation (only) to define the degree 
of humidity and drought over a specified period. A drought event starts when 
SPI falls below -1 and ends when SPI returns to positive values within a 12-month 
duration.

Standardized Precipitation-Evapotranspi-
ration Index

SPEI Calculated using the same method as the SPI to define the degree of drought 
but based on the difference between precipitation and potential evapotranspira-
tion.

Climatic Moisture Index CMI Classifies the main climatic condition of an area/region as wet or dry at any given 
time. Positive and negative CMI indicate wet and dry conditions respectively. 



Values of 
hydro-climatic
indices

1976 – 2005 
(Base period) 

2011 - 2040 2041 - 2070 2071 - 2100 2011 - 2040 2041 - 2070 2071 - 2100

Moderate Emissions High Emissions

PCPTot (mm)

Minimum
Maximum
Mean

645
1948
1301

686
2006
1324

656
2028
1320

651
2042
1314

699
1959
1316

682
2030
1339

656
2140
1369

PCP20 (days)

Minimum
Maximum
Mean

1.61
8.15
3.67

2.12
10.80
4.86

2.27
11.18
5.20

2.37
11.91
5.37

2.23
10.68
4.87

2.60
12.62
5.79

3.01
14.62
6.85

SPI

Minimum
Maximum
Mean

-0.36
0.79
0.06

-0.73
1.01
0.02

-0.8
0.95

-0.04

-0.52
0.87

-0.03

-0.74
1.5

0.18

-1.09
2.15
0.41

SPEI

Minimum
Maximum
Mean

-0.12
0.61
0.34

-0.08
0.31
0.13

-0.43
-0.01
-0.26

-0.88
-0.23
-0.61

0.27
0.35
0.08

-0.32
-0.02
-0.2

-1.12
0.12

-0.57

Table 3: Variation of hydroclimatic indices in the north-eastern parts (Uele, Aruwimi and Itimbiri sub-basins) of CRB in the 
past five decades

Table 2: Projected future values of hydro-climatic indices in the CRB

NB: CMI (Climatic Moisture Index); SPI (Standardized Precipitation Index); SPEI (Standardized Precipitation 
Evapotranspiration Index)



Implications and Recommendations

While total annual precipitation and SPEI revealed 
marginal increases, the SPI, and the number of days with 
high rainfall (PCP20) demonstrate significant increase in 
the CRB, independently of emissions scenarios - over the 
next 20 years. The main implication is that the climate 
in the entire CRB will almost certainly become more 
variable already in the nearest future, which will, in turn, 
have an impact on the hydrological regime, causing more 
frequent, extensive, and intensive floods or droughts with 
obvious implications for already vulnerable population. 

A likely climate of the distant future (2071 – 2100) under a 
high-emission scenario represents even bigger concern, 
which includes large increase in potential occurrence of 
total precipitation and extreme events. The projected 
increases or decreases in wet condition depending 
on location agrees with the recent IPCC global 
prediction, which projected that if no effort is made to 
control emissions, wetter conditions will likely occur 3 
times and dry events - 4 times more frequently than it  
has ever been¹¹. 

Notable previous flooding events in the CRB, reported to 
be triggered by the combination of excess soil moisture 
and extreme precipitation events⁸ had consequent impact 
on the vulnerability of the basin’s population. Over 11 
million people in the countries that comprise the Congo 
basin were impacted, with more than 3000 casualties, 
and estimated 96 billion USD in total economic loss¹⁰. 
Unabated recurrence of such adverse climate events 
may lead to even worse human and economic impacts.  
While it will likely be impossible to control CC in the 
nearest future, it may be possible, and it is imperative 
to focus on adaptation to these changes – throughout 
the CRB. Adaptation measures – from purely water 
perspective - should range from accelerated provision 
of access to water and sanitation at household level to 
implementing large water storage infrastructure plans 
or alternative nature-based solutions like floodplains 
development or restoring and conservation of  
mangrove belt, where appropriate.     

Increases in SPI may further aggravate flood impacts in 
Itimbiri (the wettest sub-basin) and decreases in SPI may 
make Uele (the driest sub-basin) even more drought 
prone. Increase of SPI in a humid region or decrease of 
SPI in an arid area should be of concern and monitored 
for flood and drought, respectively. Also, regardless of 
the anticipated increase in precipitation over most of the 
basin, decrease in SPEI (increase in evaporation due to rise 
in temperature) would offset the increased precipitation 
that is likely in the North-eastern (particularly, Itimbiri) 
and Western part of the CRB while severity of drought 
would exacerbate the expected decrease in precipitation 
at CRB center, leading to resultant increase in drought 

frequency in the entire basin. Prominent previously 
reported consequences of extreme dry climate events 
in the CRB include rainforest contraction and changes 
in forest composition¹⁰, further unchecked drought 
event frequencies may ultimately affect the population’s 
health and collapse food security. All these impacts 
point to the need to intensify investments in developing 
health infrastructure, relevant capacity, and mechanism 
for quick relief of food shortages. Also, it is in this 
context that the overall CRB and its identified hotspots 
require significant and immediate expansion of ground 
observational networks - for functional flood and drought  
early warning systems.

The potential risk of the observed water variabilities 
with anticipated CC influences in the CRB is very high. 
The possibility of increasing upsurge in total annual 
precipitation with consequent rise in the associated SPI 
under a high emissions scenario is almost certain, with 
consequent flooding.  Flood disaster, when it occurs, is 
usually catastrophic. A similar risk scenario may be implied 
for the observed expected rise in drought frequency 
leading to aggravated insecurities (water, food, economic 
and political); known drivers of violent conflict and 
migration within the Congo Basin. However, the outlined 
potential risk may not be acute till the end of the century. 
Suggesting that starting now, the embedded time frame 
presents an opportunity for the relevant stakeholders to 
be proactive in taking urgent but apt preventive actions.

Overall, the main message is “adapt as much and as quick 
as possible”. Specific actions, to be implemented in the 
nearest decade may include:

• Significant improvement of climate and water 
monitoring throughout the basin, including 
installation of ground meteorological stations at 
identified hotspots, utilisation of remote sensing data 
and developing relevant capacity for flood, drought, 
and famine early warning systems.

• Resolving the issue of basic human needs throughout 
the CRB including access to domestic water supply 
and sanitation, access to healthcare facilities and 
food banks. This should help alleviate the need to 
migrate, even if partially.

• Developing water storage infrastructure in the 
hotspots of projected water and climate variability 
increases, and/or implementing nature-based 
solution where appropriate.   

• Adoption of inclusive regional hydro-diplomacy 
within an all-actors framework of actions to ensure 
participation of all relevant stakeholders in decision 
making across the central African region. 
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