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Tropical Mountains — Natural Water Towers

= EU project ESSA: IHE Delft responsible for hydrological study of two natural water towers: tropical mountain
systems providing freshwater for household use and food production.
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Monitoring Networks
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Groundwater Recharge — Temporal variation of Cl in rainfall
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Groundwater Recharge -
Spatial Distribution

= 2022 campaign of spring sampling for Cl- (and other major &
minor elements) - flow system analysis (Khan et al,, in prep.)

= Certain springs selected for longer-term monitoring, together
with rain composition (Cl- and stable isotopes)




IHE W oersucaion £, GroundwatCH
DELFT under the auspices of UNESCO Groundwater / Global Change

Groundwater Recharge -
Spatial Distribution

= 2022 campaign of spring sampling for Cl- (and other major &
minor elements) - flow system analysis (Khan et al,, in prep.)

= Certain springs selected for longer-term monitoring, together
with rain composition (Cl- and stable isotopes)

= Groundwater recharge (% rainfall) using the Cl- mass balance
for dry season of February 2024

= Includes springs and baseflow in rivers
= Based on spatially interpolated CI- concentrations in rainwater

= The springs in the north show lower recharge than the springs
in the center - Link to geology and land use
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Groundwater
Discharge - Spatial
Distribution

= Dry season total river flow is
larger than the sum of spring
discharge - Geological
faults provide important
contribution to baseflow.

= Geological faults cause
subsurface transfer between
subcatchments.

= Highland currently provides
moderate to low
contributions to lowland
during dry season.
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Groundwater Discharge — Temporal variation
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Groundwater Composition - Flow system
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Conceptual model of highland-lowland mterrelatlons
= Streams at higher elevations more influenced by rainfall; E3) e

= Springs at higher elevations mixed response;
= Lower tritium at lower elevations in both springs and rivers.
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= Streams at higher elevations more influenced by rainfall;
= Springs at higher elevations mixed response;
= Lower tritium at lower elevations in both springs and rivers.
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Water Chemistry

= Mwangoto Spring:
= Higher EC in the dry season (on average)
= Higher discharge in the wet season (on average)

Mwangoto Spring
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Drivers of variability and change in highland/lowland hydrology

1. Precipitation: Taita Hills 1958 - 2024 = Strong rainfall gradient

1800 = Higher number of extreme years/months
(increasing in jpast 25 years)

1500 = Stronger declining trend (but not significant)
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Drivers of variability and change in highland/lowland hydrology
2. Land use: Taita Hills 2021 = Increase in cropland up to 2011 (at the
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Drivers of variability and change in highland/lowland hydrology

3. Water use: Taita Hills 2003-2024 = As water demand increases, prolonged drought

= Irrigation (assumed rate 5000 m?>/ha/year) periods (such as 2021-2022) pose a critical challenge.
considered within 250m buffer zone of rivers

= Result consistent with reported agricultural water
demand of 85% of total demand (UNECA, 2003). 100
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Final considerations

= Evidence from recharge, discharge and hydrochemistry observations shows that geological
faults play an important role in highland — lowland water transmissions.

= The main river of Taita Hills changes its behavior along its course, also due to offtake for
consumption, becoming “older” and with a stronger lowland signature.

= Land use change, in particular increasing cropland area and plantation forest, has decreased
the water retention potential of the catchment.

= |Increased water use is an additional major driver of reduced flow in the dry season, where
demand exceeds available flow in dry years.

= Strategies for adaptation, including control of water use, reduction of runoff and increase of
recharge, will be further evaluated with the model.
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Final considerations

« Establishing Taita Hills and Wondo Genet as ecohydrological observatories ensures the
preservation of these critical water tower systems and provides valuable insights for communities,
NGOs, governments and research organisation worldwide.
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i Call for New Ecohydrology

Unesco Demonstration Sites 2025

Hydrological Programme

Submission Deadline: 31 August 2025
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