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• Modeling flash flood events in arid environments is a difficult 
but important task that has impacts on both water resource 
related issues and also emergency management and response.

• The challenge is often related to adequately describing the 
precursor intense rainfall events that cause these flood 
responses, as they are generally poorly simulated and forecast. 

• The research presented here focuses on examining three 
historic Jeddah flash floods and investigates the feasibility of 
using numerical weather prediction models to achieve more 
realistic simulations of these flood-producing rainfall events. 

Fig.3 : Time evolution of rainstorms from Taif radar data (a: top-bottom) within the time period of case-1 and 
WRF (D3-1km) simulated time evolution of rainstorms for case-1 (b: top-bottom), case-2 (c: top-bottom) and 
case-3 (d: top-bottom ).

• Weather Research and Forecasting (WRF) model (version 
3.5) is used to simulate precipitation and meteorology.

• The configuration of WRF consisted of a 1-km-resolution 
domain nested in coarser domains driven by ECMWF 
Interim Reanalysis (ERA Interim) data. 

Physics option

mp_physics 2/5 (Lin/Eta)

ra_lw_physics 4 (RRTMG)

ra_sw_physics 4 (RRTMG)

sf_sfclay_physics 2 (Janjic Eta)

sf_surface_physics 2 (Noah)

bl_pbl_physics 2 (MYJ)

cu_physics 5 (Grell)

Fig.1 : Topography height plots for domain 1 (D1-25km; 208× 176 points), domain 2 (D2-5km; 336×416 points) 
and domain 3 (D3-1km; 256×176 points). White circle is for Jeddah city.

Impact of Resolution (1km vs. 5km)

Simulation of Rainstorms

Fig.4 : Time evolution of accumulated rainfall at Jeddah station 
(21.5oN; 39.2oE ) from Taif radar data (green line), rain gauge data 
(black line), TRMM (blue line) and WRF (D3-1km; red line) for case-1.

Fig.5 : Vertical profiles of specific humidity (left) and potential temperature (right) 
at Jeddah airport (21.7oN; 39.18oE) from sounding data (blue line; from University 
of Wyoming website) and WRF (D3-1km; red line) at 2009 Nov. 25th 12:00 UTC.

Fig.6 : Time evolution of accumulated rainfall at Jeddah station (top panel), accumulated rainfall 
averaged over Jeddah catchment (middle) and precipitation rate averaged over Jeddah catchment 
(bottom) from case -1 D3-1km (left) and D2-5km (right) for Taif radar (green line), rain gauge (black line), 
TRMM (blue line) and WRF (red line). Jeddah catchment is a defined region east of Jeddah city with 
higher topography, which is the major contributor for the Jeddah flash flood .

Fig.7 : Vertical profile of relative 
humidity (top) and divergence (bottom) 
averaged over Jeddah catchment during 
rainstorms for d03 (D3-1km; red line) 
and d02 (D2-5km; blue line).

Tables 1 & 2: WRF 
configurations

Fig.2 Schematic plot of synoptic conditions for all 
three cases. White circle is for Jeddah.

Synoptic Conditions from Observations

• Two anticyclones (H) with a cyclone (L) 
between and a trough on 700 hPa map. 

• Low-level jet zone ahead of the trough.
• Strong moist tongue covers Jeddah area.
• Weak cold front. 
• Strong convergence is the major factor 

for the meso-β convective systems.

High-resolution WRF simulation can reproduce extreme 
rainfall with some temporal and spatial displacements. 

High horizontal grid resolution (D3-1km) is required for 
better simulation of heavy rainfall at Jeddah area.
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• Heavy flood producing rainfall around Jeddah was due to 
mesoscale convective systems associated with a strong 
convergence zone ahead of a trough.

• WRF model with nesting has the capability to simulate 
extreme rainfall event, and localized rainstorms around 
Jeddah are captured reasonably well, but with some 
temporal and spatial displacements.

Summary of Research Findings

• Multiple nesting approach was useful to model the extreme 
rainfall in the Jeddah, with the convective processes 
resolved by the high-resolution cloud-resolving model.

• At 5km-resolution, intermediate Domain 2 without cumulus 
scheme contributes to a better heavy rainfall simulation 
around Jeddah compared to the one with cumulus scheme.

Impact on the use of Cumulus Scheme at 5km-Resolution
Cu_physics D1-25km D2-5km D3-1km

Test-1 Grell No No

Test-2 KF No No

Test-3 Grell Grell No

Test-4 KF KF No

Fig.8 : Time evolution of accumulated rainfall at Jeddah station (left), accumulated rainfall averaged over Jeddah catchment (center) and 
precipitation rate averaged over Jeddah catchment (right) from D3-1km case-1 (top), case-2 (middle) and case-3 (bottom) for Taif radar (green line), 
rain gauge (black dash), TRMM (black line), Test1-Grell (red line), Test2-KF (blue line), Test3-Grell-5km (red dash) and Test4-KF-5km (blue dash) .

Table 3: WRF configurations. Test1-Grell vs. Test3-Grell-5km and Test2-KF vs. Test4-KF-5km are for the sensitivity test of D2-5km-resolution with / without 
convection scheme.

D2-5km without cumulus parameterization works better 
for extreme rainfall simulation at Jeddah area.

Introduction

D3-1km D2-5km

D3-1km D2-5km

D3-1km D2-5km

- Case-1: 2009 Nov. 24 00 – 26 00 (48 hours) 
- Case-2: 2010 Dec. 29 00 – 31 00 (48 hours) 
- Case-3: 2011 Jan. 14 00 – 16 00 (48 hours) 

For further information contact liping.deng@kaust.edu.sa or 
see www.hydrology.kaust.edu.sa
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