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Climate change effects on vegetation
characteristics and groundwater recharge

Ruud Bartholomeus & Flip Witte Rotterdam, 29 September 2010

\,WR Watercycle Research Institute

Problem statement

Estimates of future freshwater availability

evapotranspiration =
precipitation transpiration + evaporation

are not reliable, as vegetation feedbacks ‘ franspiration

to climate change are generally not trees  grass
G evaporation
accounted for in the computation of A

actual evapotranspiration

groundwater ’
recharge J——
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Climate change

Temperature 1

CO; 1

Extreme precipitation 1
Prolonged dry periods 1

- To predict the effect on groundwater recharge, we need
to know the vegetation response to climate change
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Neglecting vegetation feedbacks:
Future groundwater recharge will decrease
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Vegetation response to climate change

Higher water use efficiency
due to increased CO, ’

Decreased soil cover due to
increased drought 2

2. Witigt, B P WittBaltRlbméacobs,P,
CiMel, BrG. Koo aFp) FBVE el L608.
Esiogyatmiogpteriefécs ohclimate
ehapgtdostimiitutcindossitahoisies: A
HiacticapppprisiéR £8. 065 NStbenagein.
Journal of Hydrology, 349(3-4): 257-267.
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Vegetation on north vs south facing surfaces

North slopes South slopes
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Theory on drought stress and vegetation on slopes

Solar radiation south surface > north surface
-> potential evapotranspiration: south > north
-> soil moisture contents: south < north
-> xeric vegetation: south > north
- biomass and plant cover: south < north

Drought stress: primarily determines vegetation characteristics

Other stresses affecting vegetation (wind, temperature) are initiated by

drought stress ’
1. Porporato, A., Laio, F., Ridolfi, L. and
Rodriguez-lturbe, 1., 2001. Plants in
water-controlled ecosystems: active role
in hydrologic processes and response to
water stress: Ill. Vegetation water
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Vegetation on north vs south facing surface

North slopes South slopes
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Estimate drought stress on inclined surfaces

= Drought stress: insufficient soil moisture for transpiration
= SWAP model for the unsaturated zone ?
= Reference stress 2

» Estimate potential stress conditions to which the actual vegetation

is adapted . \Dmeci\(beam) radi |0n |
= Correction for global (solar) rawaucvagéranan\ \ \ \ \ng}@({é{ /U/wegeta lon\ \

= Correction for precipitation 4

BitEliMatese comé doassknd (2):
E646/6§8al Modelling, 216(1): 47-59.
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Empirical relationship between drought stress and
soil cover

soil cover [%)]
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Possible climate change effects on future

freshwater availability (scenario W+)

drought stress [m/10d] soil cover [%] gw recharge [mmyy]
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Future groundwater recharge: need for robust
estimation of evapotranspiration

Future groundwater recharge can only be assessed if we
understand how:

1. Vegetation responds to changing climatic conditions

2. Vegetation feedbacks on groundwater recharge through
altered ET,
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Feedbacks to be investigated

Climate change may lead to:
* Increased fraction of mosses and lichens - high interception
+ Decreased soil organic matter - low water holding capacity of soil
* Increased water repellency > preferential flow paths
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