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Background: Research is needed on modelling the West African Monsoon

and terrestrial water balance for the management of surface and

groundwater resources in Sub-Saharan Africa (SSA), in the context of

recharge prediction for Sub-Saharan shallow aquifers.

Figure 2: Changes in JULES (driven by UPSCALE meteorology) multi-year

mean total evaporation, soil moisture (0-3m) and drainage, from just climate

change (constant CO2 and vegetation) [top], just increased CO2 at future

climate (constant vegetation) [middle], and just the change in vegetation

coverage from all broadleaf trees to all c4 grass (with bodies of open water) at

present climate and CO2 [bottom].

Conclusions: The models generally predict a

wetter eastern Sahel and a drier western Sahel

under future climate. Both the more intense rain

and the increased CO2 in the future lead to

increased soil moisture and drainage (and hence

increased recharge of the Sub-Saharan shallow

aquifers), despite the higher temperatures.

Changes in the vegetation coverage will also affect

the surface water balance.

Results: The future climate has an enhanced summer Saharan heat low with

changed humidity and winds (figure 1), resulting in increased rainfall inland

and to the northeast but reduced in the south and west. Heavy rain (>16

mm/day), runoff, drainage and soil moisture are all increased, but total

evaporation is reduced over large regions. The monsoon is also shifted

northwards and occurs later in the year.

Climate change alone (figure 2) leads to increased evaporation (due to higher

temperatures) but also some increases in soil moisture and drainage (larger

fractions of heavy rain infiltrate into the soil rather than evaporating).

Increased CO2 leads to reduced evaporation and increased soil moisture and

drainage (due to the plant CO2 response reducing transpiration so more

water remains in the soil). Changing vegetation from trees to grass leads to

increased evaporation and reduced soil moisture and drainage.

While the results from the different global models (figures 3) are very varied in

size and spatial distribution most show increased rainfall in the east but

reduced in the west, also found by Roehrig et al. (2013) doi:10.1175/JCLI-D-

12-00505.1, and many of the models have large increases in drainage.

Figure 1: Changes in UPSCALE summer (JJAS) air temperature, and

humidity with wind (at 10m) for present and future climate [top]. Then

changes in results from JULES (driven by UPSCALE meteorology) multi-year

mean rainfall, heavy rain (>16 mm/day), total evaporation, evapo-transpiration

from soil and plants, evaporation from the canopy, canopy moisture, surface

runoff, drainage and soil moisture (0-3m).

Figure 3: Changes in multi-year mean rainfall [left] and drainage [right], from

present to future climate for JULES (driven by UPSCALE) and also 11 of the

CMIP5 models, dots show where there is 95% significance.

Figure 4: JULES drainage (% of total monthly rainfall), mean and inter-quartile range in summer (JJAS)

monthly heavy rain (>16 mm/day) bins, within four regions, for present or future climate and low or high

CO2 [top], and for present climate with all broadleaf trees, all c4 grass or all bare soil coverage [bottom].
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This Study: A new high-resolution global model is used with the JULES

land-surface model to predict the changes in the West African Monsoon and

surface water balance from present to future climate, with drainage serving as

a proxy for groundwater recharge. Examining the effects of climate change

alone, increased CO2 and changes in vegetation coverage, and also

comparing to the predictions from 11 CMIP5 global climate models.

Model Data: The JULES land-surface model was driven in distributed

fashion by meteorological data from UPSCALE (the Met Office Unified Model

GA3 ensemble of high resolution atmosphere-only model runs, forced with

OSTIA SSTs for present climate and OSTIA + SST change between 2000-

2100 for future climate). Walters et al. (2011) doi:10.5194/gmd-4-919-2011

describes JULES and Mizielinski et al. (2014) doi:10.5194/gmd-7-1629-2014

describes UPSCALE. Eleven selected CMIP5 models are also used to

compare present climate (Historical 1986-2005) and future climate (RCP8.5

2081-2100) on a common 2 degree grid.

Drainage strongly depends on heavy rain (figure 4),

at low rainfall most of the water evaporates and

with high heavy rain much of it runs off. Drainage

increases with CO2 (the plant response), is greater

for trees than grass, and greatest for bare soil

(water not removed from the soil by plants).


