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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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. Some observations on the
hydrology of arid areas
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Some conclusions

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



Il. 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
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Wadi Ahin recording raingauge network
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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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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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Performance (OF4) in calibration and validation
using different strategies, for each of the 27 events
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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)

Op(h) Qv {om)

0

Qp (mm/hr)

10°

10*
10°
102
10"
107"

10

107

10°

107"

10™=

10

10

10"

10

10

10

-2

10

10
Rv (mm)

10

(antecedent wetness)

- &
4

10°
Rp (mmvhnn

AT XY

10°
Rp (mm/hr)

S %s .-

e Rifm)x 4 o: ° ab (()r_r?ri/hr)o-o‘l
D 5E X
[ s "-. "E
; R -
H :. I H
3 2.5 4 0 0.02 0.04
Rs Rd (m& 10" Qb (mm/hr)



Regression models,

observed data and 90% confidence intervals

fitted regression
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Continuous modelling, Wadi Ghulaji
- evaluation of recharge dam
performance



Location of Wadi Ghulayji
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Schematic of the Wadi Ghulaji Water Resource Model




Distributed Calibrated Parameters



Model Performance (5-6th April 1993)
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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



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.

* Moclintyre, N., Al-Qurashi, A., Wheater, H.S. (2007)
Regression anaIyS|s 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
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Some recent work on rainfall
modelling
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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:
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