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* basins represent a range of physical and human environments
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Okavango basin region has highly variable climate
sInterannual to multi-decadal
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What drives climate variability in this region?

* Problematic to study: Data gap since 1970
« Use the Okavango discharge record

 Filter to retain high frequency (interannual) and low frequency (multi-
annual) components
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Hydrology of the Okavango Delta: flood pulse

Flooding in the Delta is a product of interaction of

- inflow from upstream catchment (peak April)
- local rainfall (peak Jan)
- antecedent wetness
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Hydroperiod

Hydroperiod - description of varying water levels at a site

- Duration of inundation

- Depth of inundation

- Amplitude of water level fluctuations
- Frequency of inundation

In Okavango Delta driven by:
- External factors:
- inflow
- local rainfall
- Internal factors
- Channel-floodplain interactions
- topogaphy
- geomorphological processes
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Hydroperiod determines ecological status
(Ecotopes)
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* Modified Pitman rainfall/runoff
model utilised (STATSIM)
developed at Rhodes University,
RSA

— Water balance with groundwater and
channel routing functions.

— Semi-distributed (24 sub basins) I L’P«u
— Data requirements WM L e
» catchment average monthly rainfall b \Q L
» catchment average monthly potential of f?ww |
evaporation (derived from Hargreaves = (RN -
equation) . Angola L ;&\ i};
|

Hughes et al., 2006, Journal of Hydrology, Vol 331
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Number of gauges has declined

Number of rainfall stations
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« Okavango delta is highly complex and dynamic mosaic of surface
conditions

» Very difficult to model with distributed grid based model.
» Developed simple water balance ‘reservoir’ model

— Network of interlinked reservoirs
o ‘Semi-distributed’

— Water balance calculated for each of 8 major distributaries
(‘reservoirs’) within the delta

Wolski et al., 2006, Journal of Hydrology, Vol 331 Flood extend
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Floodplain class Sub-class class flood frequency flood duration
code (months/year)
Permanent proper PF1 1 12
floodplain
fringe PF2 1 8-12
Regularly RF1 1 4-8
flooded seasonal
floodplain
Wet (1970-84)
RF2 0.5-1
Occasionally OF 0.1-05 1-4
flooded seasonal
High floods only HFO <0.1 <2
Dryland DL 0 0

dry (1985-2000)

4 classes
3 classes
2 classes
1 class

no change
1 class

2 classes
3 classes
4 classes
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Sedgeland
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Expert system. Current ecotope depends on: : )
- ecotope in previous year Wolski & Murray-Hudson,

« inundation duration in previous 5 years Water SA, 34, 605-610
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« 3 contrasting scenarios of future water use derived.

— Quantifying losses due to domestic use, livestock, water abstractions for
irrigation and urban supply, dams

 Low development:
— low population growth, small scale irrigation and no additional abstractions
 Medium development:

— medium population growth, small and large scale scale irrigation, riparian
deforestation, two dams and no additional abstractions

e High development:

— As medium but with all proposed dams and pipeloine to Windhoek,
Mamibia.



Results: Simulated mean future Okavango
river discharge under devlopment scenarios
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General framework of analysis of climate change impact:

Baseline GCM-simulated
observed climate field (P,T change in climatology (AP, A
I I
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vy ° vy
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Simulated changes in Okavango delta flood class distribution

Wet (1970-84)  dry (1985-2000)

1 class
no change
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4 classes

4 classes
3 classes
2 classes
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Changes relative to ‘dry’ baseline conditions

Journal of Hydrology, Special Issue, 2006, Vol 331
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Simulated changes in Okavango delta flood class distribution

HadCM3

abstractions deforestation

Climate 2020-50, A2 GHG

Journal of Hydrology, Special Issue, 2006, Vol 331
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Downscaling climate change signal
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« SRES B1 scenario, 2021-2050 compared to 1961-1990
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« SRES B1 scenario, 2021-2050 compared to 1961-1990
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Deriving probability distributions from the
multi-model ensemble

* Use Bayesian approach of Tebaldi et al. (2005)

— Extension of Reliability Ensemble Averaging approach of Giorgi
and Mearns (2002) in which GCMs weighted according to by

» Model bias (error vs. historical obs)
» Convergence (how close their projected climate is to that of ensemble

mean)

« In Bayesian method prior distributions representing climate
change uncertainty and likelihoods (from model bias and
convergence criteria) are combined to give posterior
distributions of climate change (using Markov Chain
Monte-Carlo with Gibbs sampler)
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« Okavango river is of major socio-economic and ecological importance
in Africa

— River catchment and delta provide vital ecosystem services
« Complex climate with pronounced variability

« Potential climate change impacts assessed using suite of hydrological
and ecological models

* Results indicate that climate change impacts are potentially very large
— Greater than variability in 20th century
— (greater than development scenarios)

 Uncertainty in projected impacts very large and sign uncertain
— Problematic for policy makers

 Probabilistic estimates of future climate
— Indicate likely drying in hydrology in the Delta

o Criteriafor GCM weighting is a contentious issue
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