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Motivation 

•  Arid zone hydrology has important differences 
from humid zone hydrology 

•  Hydrological processes in arid and semi-arid 
areas are difficult to observe and poorly 
understood; data are generally limited 

•  Rainfall spatial and temporal variability and 
transmission losses are of particular importance 
for runoff and recharge processes 

•  Integrated management of water resources 
requires modelling support, but modelling is 
particularly challenging 
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I. Some observations on the 
hydrology of arid areas 





South West Saudi Arabia 
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Rainfall spatial and temporal variability and 
transmission losses are of particular importance 
for runoff and recharge processes  

Appropriate models and decision support tools 
are needed for hydrology and water resources 
management; these must be based on 
appropriate understanding of hydrological 
processes 

Data support for modelling and analysis is a 
major issue 

Some conclusions 



II. Modelling the hydrology of arid 
areas 

- 2 Case studies from the Sultanate of 
Oman 



Event modelling for Wadi Ahin 
 using the physics-based KINEROS 

model 



Sultanate of 
Oman 

Kingdom of Saudi 
Arabia 

Yemen 

U. A. E Gulf of 
Oman 

Arabian 
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Wadi Ahin 

Modelling rainfall-runoff relationships in 
Wadi Ahin, Sultanate of Oman  



Wadi Ahin recording raingauge network 

734 km2 
76 km2 



Run-off events, 1996-1999 
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Spatial correlation of hourly rainfall 
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Kineros2 catchment discretisation, 
planes and channels 

Kineros uses soil physical 
properties to calculate 
infiltration excess runoff  
and routes overland flow 
across planes and channels,  
allowing for channel infiltration, 
based on slope and roughness 
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(a) Peak flow (OF1)
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(b) Volume (OF2)
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(c) Peak & volume (OF4)
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(d) Peak & volume & time (OF5)
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(e) All events peak & volume (OF6)
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(g) Ensemble average (OF4)
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Example of  
calibration and  
validation results, 
22 January 1996.  

Bars - rainfall;  
Dots – observed flow 
Lines - simulated flow 
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Parameter identifiability 
- dotty plots of parameter values against OF6 
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Performance (OF4) in calibration and validation 
using different strategies, for each of the 27 events 

(11-parameter calibration) 
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Event analysis 
dependence of flow volume (Qv), flow peak (Qp) and runoff coefficient 
(C) on rainfall volume (Rv), rainfall peak intensity (Rp), rainfall spatial 

variability (Rs), distance weighted rainfall (Rd) and baseflow (Qb) 
(antecedent wetness) 
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Regression models,  

observed data and 90% confidence intervals  
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Continuous modelling, Wadi Ghulaji 
 - evaluation of recharge dam 

performance 
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Annual catchment water balance (mm),  
simulated scenarios 

Scenario Rainfall Evaporation Groundwater Runoff  %Runoff 

                                                  recharge 

Wet            88            71             12.8               4.0           4.6 

Average     87            72             11.2               3.5           4.0 

Dry            53             45               5.5               1.7           3.2 



Conclusions (1) 

•  Spatial variability of hydrological response can be a 
dominant influence in arid areas; for effective 
groundwater recharge management the spatial variability 
of recharge processes must be understood 

•  Distributed (or semi-distributed) rainfall–runoff models 
provide the capability to represent rainfall and runoff 
processes in a spatially distributed manner. In principle 
they can represent spatial variability of rainfall and 
transmission losses 

•  For water resource management problems, modelling can 
be a useful tool in exploring scenarios and management 
options – answering ‘what-if’ questions  

•  Models can also provide a framework for integrated data 
assimilation and improved understanding 



Conclusions (2) 

•  The Wadi Ahin application illustrates that data sets 
typically used for distributed (or semi-distributed) rainfall–
runoff modelling in arid regions cannot provide accurate 
reproduction of observed response across multiple events  

•  The limitations imposed by relatively sparse observations 
of rainfall are of particular concern, as well as the need for 
calibration of key surface and subsurface parameters 

•  Careful consideration is needed of the potential benefits 
to justify the effort and expense of this modelling 
approach 

•  Much research is needed to critically evaluate model 
performance for arid area applications 

•  Future progress probably requires stochastic modelling of 
spatial rainfall 

•  Improved data is a key requirement for improved 
modelling and management 
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Some further reading: 
•  Wheater, H.S., Sorooshian, S. and Sharma KD (Eds.) (2008) 

Hydrological modelling in arid and semi-arid areas. 
Cambridge University Press.  195pp. 

•  Wagener, T., Wheater, H.S. and Gupta, H.V.  (2004) Rainfall-
Runoff Modelling in Gauged and Ungauged Cathments, 
Imperial College Press, 306pp. 

•  McIntyre, N., Al-Qurashi, A., Wheater, H.S. (2007) 
Regression analysis of rainfall-runoff data from an arid 
catchment in Oman.  Hydrological Sciences Journal, Vol 52, 
no. 6, 1103-1118, December. 

•  Al-Qurashi, A., McIntyre, N., Wheater, H., Unkrich, C.  (2008) 
Application of the Kineros2 rainfall-runoff model to an arid 
catchment in Oman.  Journal of Hydrology, 355, 91-105. 

And for more information on water resources in arid areas, 
data and modelling tools visit http://www.g-wadi.org  



Water Resources in Developing Countries 
 Trieste April 2009 

Some recent work on rainfall 
modelling 

•  Yang, C., Chandler, R.E., Isham, V.S. and Wheater, H.S.  
(2005) Spatial-temporal rainfall simulation using generalized 
linear models. Water Resources Research, Vol. 41, W11415, 
doi 10.1029/2004 WR003739. 

•  Kenabatho P.K, McIntyre N.R., Wheater H.S. (2008) 
Application of generalised linear models for rainfall 
simulations in semi arid areas: A case study from the Upper 
Limpopo basin in north east Botswana. Proc. 10th BHS 
National Hydrology Symposium, Exeter, September. 

•  Mirshahi B., Onof C. J., Wheater H.S.  (2008) Spatial-
temporal daily rainfall simulation for a semi-arid area in Iran: 
a preliminary evaluation of generalised linear models. Proc. 
10th BHS National Hydrology Symposium, Exeter, 
September. 


