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e extreme aridity in the Limpopo Basin (South Africa) and anomalous
wetness in the Makutapora Basin of central Tanzania: ENSO dipole
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* extreme aridity and groundwater-level decline in Limpopo Basin,
reflected in GRACE solutions and piezometry

 anomalous wetness and groundwater-level recovery in Makutapora
Wellfield despite step-change in intensive pumping
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groundwater-level monitoring well, Abomey-Calavi (Benin)
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* scalar recharge models of rainfall
exceeding 10 m-day!and cross-
correlations of rainfall and
groundwater levels indicate lag times
of 5 to 13 days

e apparent infiltration velocities of 0.5
to 1 m-day!in Benin and Uganda are
inconsistent with a Darcy-Richards
representation of unsaturated zone
flow, implying bypass flow

‘dominance of soil macropore flow’ (Beven and Germann, 2013)
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* direct, diffuse recharge model proves madequate focused recharge
from surface ponds is evident from groundwater-level observations
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* recharge occurs episodically (El Nino) and results disproportionately
from heavy rainfall - focused recharge inferred from site monitoring

B S .

500 . . . .

IS
o
=]

i
;

¢

groudnwater recharge (mm)
) w
{ ] (=]
o o

I
;
D)
i [§F

0 - seae - &
0 200 400 600 800 1000 1200
rainy season rainfall (mm)

Taylor et al. (2013) Nat. Clim. Change 3, 374-378. ephemeral stream flow in central Tanzania during 2015-16 El Nifio




Evidence from The Chronicles Consortium

 ‘chronicles’ contextualise climate influences on
groundwater recharge and storage: EA/SA El Nifio dipole

* 40 ‘chronicles’ averaged over an area of ~47 000 km?
(Limpopo Basin) correlate well (r = 0.62) with a mean
GRACE satellite footprint (~*~200 000 km?)

* rapid water-table responses to rainfall observed in
humid Benin and Uganda are inconsistent with Darcy-
Richards soil-zone flow

* focused recharge from ephemeral ponds and river
discharge observed in semi-arid Niger and Tanzania



global warming intensifies precipitation (more frequent very
heavy rainfalls, fewer light rainfalls) - intensificati |
greatest in the tropics

10)
12) Nat. Ge

e dependence of recharge on rainfall exceeding a threshold
(and ephemeral surface waters) suggests intensification
of rainfall under climate change may enhance recharge

rainstorm in Namibia (NASA)
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Dr. Robinah Kulabako (UPGroslsGroup) monitorig Bwaise Spring”, Kampala 2




recharge pathways
(soil macropores,
focused) very rarely
represented in large-
scale models

inter-comparison of
recharge estimated
from observations
and GLDAS LSMs
(subsurface runoff) &
GHMs (WaterGAP,
PCR-GLOBWSB,
MATSIRO, CLMA4.5)

(a) GCM mean 1971-2000 (a) GWR in mm/yr
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Portmann et al. (2013) Environ. Res. Lett. 8: 024023.
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“amount effect” enables the use of rainfall-groundwater stable-
isotope (180:160) “pairings” to trace the monthly rainfall intensities

to groundwater recharge

all rainfalls
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new instrumentation to monitor 2015/16 EIl Nino
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