
Africa: the hotspot

Analysis of climate forecasts

Hydroclimate-change classesUnequal precipitation partitioning
Africa is the main hotspot of future population growth and
climate change, expecting to affect water resources availability
leading to sever social and environmental problems.
The consequences of the Paris Agreement for African water
resources have not been addressed in a comprehensive way
(mainly analysis if changes in runoff).

We investigate two development pathways (Paris Agreement and BaU)
using forecast of precipitation (P), temperature (T) and evaporation (AET)
from 19 climate models within the CMIP5 project (Coupled model
intercomparison).
We calculate hydroclimatic shifts in terms of changes in PET/P - the ratio
of potential evapotranspiration to precipitation - and AET/P - the ratio of
actual evapotranspiration to precipitation - within the Budyko
framework.

Future Hydroclimatic change in terms of combined changes
in PET/P (horizontal axes) and AET/P (vertical axes) for 53
basins from the 30-year average 1960-1989 to 2070-2099 in
the BAU and the PA scenarios. Only the statistically relevant
changes are considered (p<0.05 with a two-tailed t test).

Change in AET/P against initial evaporative ratios (AET/Pin) in a) near future
(2010-2039) and (b) far future (2070-2099). Linear regression with 95%
confidence interval and 3-cluster K-mean analysis.

Results: Two dissimilar hydroclimatic scenarios
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Water management implications
Better use of green water

Potential for irrigation

1

2
LAKE CHAD

NIGER

NILE

TANA

DORING

GAMKA

GEBA

SEBOU

CHELIF

−100 −50 0 50 100
DPf

re
or

de
r(D

D_
DE

T_
Pf

_s
hif

t$
NA

M
ES

, F
DE

T_
P)

Water management implications
Better use of green water

Potential for irrigation

∆(AET/P) %% ∆	#

SASSANDRA

CROSS

BANDAMA

OUEME

MONO

SANAGA

VOLTA

COMOE

PRA

NYONG

CUANZA

CONGO

OKAVANGO

ZAMBEZI

INCOMATI

RUVU

MANGOKY

−0.025 0.000 0.025
FDET_P

re
or

de
r(W

D_
DE

T_
Pf

_s
hif

t$
NA

M
ES

, F
DE

T_
P)

Water management implications
Better use of green water

Potential for irrigation

3

4
SASSANDRA

CROSS

BANDAMA

OUEME

MONO

SANAGA

VOLTA

COMOE

PRA

NYONG

CUANZA

CONGO

OKAVANGO

ZAMBEZI

INCOMATI

RUVU

MANGOKY

−100 0 100 200
DPf

reo
rde

r(W
D_

DE
T_

Pf
_s

hif
t$N

AM
ES

, F
DE

T_
P)

Water management implications
Better use of green water

Potential for irrigation

a)  Hydroclimatic-change classes

&'() 1 2

43

CHELIF

LAKE CHAD

NILE

TANA

ZAMBEZI

INCOMATI

OKAVANGO

CONGO

VOLTANIGER

GEBA

SEBOU

GAMKA
DORING

CROSS

*+,()

-./
#

-./
#

LAKE CHAD

NIGER

NILE

TANA

DORING

GAMKA

GEBA

SEBOU

CHELIF

−100 −50 0 50 100
DPf

re
or

de
r(D

D_
DE

T_
Pf

_s
hi

ft$
NA

M
ES

, F
DE

T_
P)

Water management implications
Better use of green water

Potential for irrigation

SASSANDRA

CROSS

BANDAMA

OUEME

MONO

SANAGA

VOLTA

COMOE

PRA

NYONG

CUANZA

CONGO

OKAVANGO

ZAMBEZI

INCOMATI

RUVU

MANGOKY

−100 0 100 200
DPf

reo
rde

r(W
D_

DE
T_

Pf
_s

hif
t$N

AM
ES

, F
DE

T_
P)

Water management implications
Better use of green water

Potential for irrigation

SASSANDRA

CROSS

BANDAMA

OUEME

MONO

SANAGA

VOLTA

COMOE

PRA

NYONG

CUANZA

CONGO

OKAVANGO

ZAMBEZI

INCOMATI

RUVU

MANGOKY

−100 0 100 200
DPf

reo
rde

r(W
D_

DE
T_

Pf
_s

hif
t$N

AM
ES

, F
DE

T_
P)

Water management implications
Better use of green water

Potential for irrigation

c)  Humid more arid

∆	#∆(AET/P) %%

b)  Arid more arid

LAKE CHAD

NIGER

NILE

TANA

DORING

GAMKA

GEBA

SEBOU

CHELIF

0.0 0.1 0.2 0.3
FDET_P

reo
rde

r(D
D_

DE
T_

Pf
_s

hif
t$N

AM
ES

, F
DE

T_
P)

Water management implications
Better use of green water

Potential for irrigation

1

2
LAKE CHAD

NIGER

NILE

TANA

DORING

GAMKA

GEBA

SEBOU

CHELIF

−100 −50 0 50 100
DPf

re
or

de
r(D

D_
DE

T_
Pf

_s
hif

t$
NA

M
ES

, F
DE

T_
P)

Water management implications
Better use of green water

Potential for irrigation

∆(AET/P) %% ∆	#

SASSANDRA

CROSS

BANDAMA

OUEME

MONO

SANAGA

VOLTA

COMOE

PRA

NYONG

CUANZA

CONGO

OKAVANGO

ZAMBEZI

INCOMATI

RUVU

MANGOKY

−0.025 0.000 0.025
FDET_P

re
or

de
r(W

D_
DE

T_
Pf

_s
hif

t$
NA

M
ES

, F
DE

T_
P)

Water management implications
Better use of green water

Potential for irrigation

3

4
SASSANDRA

CROSS

BANDAMA

OUEME

MONO

SANAGA

VOLTA

COMOE

PRA

NYONG

CUANZA

CONGO

OKAVANGO

ZAMBEZI

INCOMATI

RUVU

MANGOKY

−100 0 100 200
DPf

reo
rde

r(W
D_

DE
T_

Pf
_s

hif
t$N

AM
ES

, F
DE

T_
P)

Water management implications
Better use of green water

Potential for irrigation

a)  Hydroclimatic-change classes

&'() 1 2

43

CHELIF

LAKE CHAD

NILE

TANA

ZAMBEZI

INCOMATI

OKAVANGO

CONGO

VOLTANIGER

GEBA

SEBOU

GAMKA
DORING

CROSS

*+,()

-./
#

-./
#

LAKE CHAD

NIGER

NILE

TANA

DORING

GAMKA

GEBA

SEBOU

CHELIF

−100 −50 0 50 100
DPf

re
or

de
r(D

D_
DE

T_
Pf

_s
hi

ft$
NA

M
ES

, F
DE

T_
P)

Water management implications
Better use of green water

Potential for irrigation

SASSANDRA

CROSS

BANDAMA

OUEME

MONO

SANAGA

VOLTA

COMOE

PRA

NYONG

CUANZA

CONGO

OKAVANGO

ZAMBEZI

INCOMATI

RUVU

MANGOKY

−100 0 100 200
DPf

reo
rde

r(W
D_

DE
T_

Pf
_s

hif
t$N

AM
ES

, F
DE

T_
P)

Water management implications
Better use of green water

Potential for irrigation

SASSANDRA

CROSS

BANDAMA

OUEME

MONO

SANAGA

VOLTA

COMOE

PRA

NYONG

CUANZA

CONGO

OKAVANGO

ZAMBEZI

INCOMATI

RUVU

MANGOKY

−100 0 100 200
DPf

reo
rde

r(W
D_

DE
T_

Pf
_s

hif
t$N

AM
ES

, F
DE

T_
P)

Water management implications
Better use of green water

Potential for irrigation

!"#$%

–∆(

)*$%
+,-
+ > 2

+,-
+ < 2

+∆ /01
( +∆(– ∆ /01

(

P AET P AET

P AETP AET

R

R

R

R

Northern Africa The Sahel

Tropical AfricaSouthern Africa

∆PET

∆PET ∆PET

Initial magnitude of water 
fluxes and PET

Final magnitude of water 
fluxes

Proportional increase in 
energy demand

Hydroclimatic 
changes

Initial
aridity conditions

∆PET

Business as Usual

Paris Agreement

Business as Usual hydroclimatic scenario

Effects on water resources
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Hydroclimatic challenges and opportunities for Africa: Beyond the Paris Agreement

Luigi Piemontese, Ingo Fetzer, Johan Rockström and Fernando Jaramillo

Stockholm Resilience Centre, Stockholm University

Increase evaporation in dry basins

Increase in runoff in wet basins

This trend in contrast to the Budyko framework,
where basins with low initial AET/P are more likely
to experience larger increase in AET/P.
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• 96% of the basins show a
shift in hydroclimatic
conditions.

• The aridity (PET/P) 
increases in all these basins

• 7% of the basins increase in
aridity

• no significant change in
AET/P.

What are the social-ecological implications?

Worst case hydroclimatic future (BaU)

NORTHERN AFRICA

THE SAHEL

TROPICAL AFRICA

SOUTHERN AFRICA

• Loss rainfed productivity
• Unsustainable irrigation

• Higher rainfed productivity
• Potential water conflicts

• Higher flood risk
• Higher risk of Soil loss

• Lower rainfed potential
• Higher irrigation potential

Desirable hydroclimatic future

SOIL & WATER
CONSERVATION

PARIS AGREEMENT
TARGET

• Contain aridification and
avoid change in precipitation
partitioning

• Dependent on non-African
countries

• Improves water use
efficiency in agriculture

• Alleviates water conflict
reducing blue water
dependency


