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Abstract: The objectives of this paper is to study the sensitivity of the
regional climate models to the utilized convection schemes when it is
used to simulate the rainfall over certain domain, Regional Climate
Model (RegCM3), which has the advantages that the interactions at
different scales can be well simulated and, has been employed to
investigate the autumn 1994 rainfall over Egypt and more emphasis
on the flash flood that hit Egypt on the late night of 31 of October to
the 2nd of November 1994. The simulation period is the 1st of
Aug.1994 to the end of November 1994. Several model runs have been
carried out using different convection schemes in an effort to
investigate their performance in simulating the rainfall over the entire
domain, in general, and more focusing over Egypt. The validation of
the simulation output has indicated that the RegCM3 is capable of
simulating both the spatial patterns and magnitude of the rainfall over
Egypt to some extent, and showed that the results were sensitive to the
cumulus parameterization scheme choice. The model with the Grell
cumulus parameterization scheme with Fritsch Chappell assumption
well simulated the process of the heavy rains case; however, there are
still some discrepancies between the simulations and observations.
For example, the model cannot completely simulate the intensity, the
location and the onset time of the rainfall

Keywords: Cumulus parameterization scheme, numerical simulation,
convection schemes, RegCM3 sensitivity.
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1. Introduction

Through the last few decades, the regional climate models (RCMs)
have been used to study the climate processes over various regions of
the world such as Jenkins (2002); Seth and Rojas, (2003); Pal JS,
Giorgi F, Bi X, Elguindi N, Solmon F, Gao X, Ashfag M, Francisco
R, Bell J, Diffenbaugh N, Sloan L, Steiner,A, Winter J, Zakey A
(2007); RegCM3 has been used in such studies over many regions as
an example, Maisa Rojas and Anji Seth (2003), R. V. Francisco et al
(2005), .etc

In this study, a Regional Climate Model, RegCM3, has been utilized
to simulate the rainfall over the domain shown in, fig. (1). The
principle behind the regional climate model technique is that, given a
large-scale atmospheric circulation, a limited-area model with a
suitably high-resolution resolving complex topography, land-sea
contrast, land use, and detailed description of physical processes can
generate realistic high-resolution (both spatial and temporal)
information coherent with the driving large-scale circulation supplied

by either reanalysis data or a global general circulation model (GCM).
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topographical effect or coastlines, or both, regulate the regional
distribution of climate variables (Wang et al. 2000). The regional
climate modeling approach has also been shown to be useful for
improving our understanding of many climate processes, such as
cloud-radiation forcing, cumulus convection, and land surface
processes, etc. (e.g., Giorgi et al. 1996; Bosilovich and Sun 1999; Pal
and Eltahir 2001). Two major factors are responsible for this
difficulty: the first is the dominated cumulus convection in the
Tropics, which seems not to be represented well by current regional
climate models, and the other is the much weaker large-scale forcing
in the Tropics than that in the mid- and high latitudes. This latter could
produce accumulation of errors in the interior model domain and thus
affect the long-term simulation of regional climate in the Tropics.
Another major uncertainty of current regional climate models is the
treatment of clouds, a critical weakness that needs improvement in.
both global and regional climate models (e.g., Giorgi and Mearns
1999). Although the detailed explicit cloud microphysics
parameterization for grid resolved moist processes is considered in
some of the regional climate models, the complex interaction between
subgrid cumulus convection and grid-scale moist processes is very
crudely treated. Some studies have indicated the improvements in
radiation budgets by using cloud microphysics information either in
column models (Petch 1998) or in the GCM (Fowler and Randall
1996), but the cloud amount is treated in a quite simple way and is
usually estimated by the relative humidity in most global and regional
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climate model applications (e.g., Wang et al. 2000). One assumption
is Hong et al. (1998), who used the prognostic cloud scheme, the
cloud fraction scheme, which accounts into not only the relative
humidity but also the cloud condensates, in the National Centers for
Environmental Prediction regional spectral model (RSM). The
increased resolution of regional climate models can allow simulation
of a broader spectrum of weather events to improve simulation of the
daily precipitation intensity distributions. Such a skill is extremely
important to give confidence of the model simulated climate
sensitivity or climate change scenarios. As one of the IPCC
recommended is the need to coordinate regional climate modeling
efforts and to extend studies to more regions and to perform ensemble
simulations with different models.

At the Egyptian Meteorological Authority (EMA), efforts are made to
utilize a highly resolved regional climate model; aiming to simulate
the variability of the monsoon systems and assessing the impacts of
the global change not only over Egypt but also over a bigger domain
include Arab countries. Due to its excellent capability, the third
version of ICTP regional climate model, RegCM3, has been chosen in
simulating the extreme weather case of the first of November 1994
over Egypt. One of the major factors affecting the model simulations
is the cumulus parameterization scheme and may mainly define the
rainfall output accuracy. So, in this paper, the sensitivity of the rainfall
simulations to the utilized cumulus parameterization scheme is

examined. The detailed of the operational configuration of the model,
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the utilized observation data and cumulus parameterization schemes
are given in section 2, Results and analysis in sec. 3. Finally, the

conclusions are given in sec. 4.
2. Model Description and Simulation Design

2.1 Model Description
We employ the third version of the ICTP Regional Climate model,
RegCM3, which is a compressible, primitive equation, sigma —
vertical coordinates, grid-point limited area model with hydrostatic
balance (Giorgi et al., 1993a, b; Giorgi and Mearns, 1999; Dash et al.,
2006; Pal e al., 2007). The model dynamical core based on the
hydrostatic version of MM5 (Grell et al., 1994). The physical
parameterization employed in these simulations include the radiative
transfer package of the NCAR Community Climate Model, the non-
local boundary layer scheme of Holtslag, and the BATS land surface
scheme (Dickinson et al.,1993).
2.2 The convective schemes:

The Precipitation in the RegCM3, is produced in two different forms;
resolvable (large scale) precipitation; which is associated with large-
scale weather system, and is represented via SUB-grid Explicit
moisture scheme (SUBEX; Pal et al., 2000); and convective (subgrid)
precipitation; which could be represented through three physical
options: the modified Anthes-Kuo scheme (Anthes, 1977; Giorgi,
1991; Giorgi et al., 1993b), the Grell scheme (Grell 1993), and the
Emanuel scheme (Emanuel, 1991; Emanuel and Zivkovic-Rothman,
1999). In the modified Anthes —Kuo scheme (Anthes, 1977; Giorgi,
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1991; Giorgi et al., 1993b), precipitation is initiated when the rate of
moisture convergence in a column exceeds a given threshold and the
column is convectively unstable. A fraction of the total moisture
convergence precipitates, depending on the mean columnar relative
humidity, while the remaining fraction is redistributed thought the
column in proportional to the dryness of the column. The latent heat
of condensation is redistributed between cloud top and cloud bottom
following a specified parabolic vertical heating profile, which gives
maximum heating in the upper half of the cloud layer (Anthes, 1977,
Giorgi et al., 1993b; Giorgi and Marinucci, 1996).

In the Grell Scheme (Grell, 1993), convection is represented by an
updraft and downdraft pair in
steady-state circulations with no
direct mixing between the
environment and  convective
clouds except at the top and the
bottom of the circulations, The
mass flux in the updraft and

downdraft is assumed constant and

originating levels of the updraft Fig. (3) Stations distribution

and downdraft are given by the levels of maximum and minimum
moist stat energy, respectively. The scheme is activated when a lifted
parcel becomes buoyant. Owing to the simplistic nature of the Grell
scheme, several closure assumptions can be used to relate the mass

flux at the bottom of the closure updraft to the large-scale forcing,
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(e.g. Dash et al., 2006) Another stability based assumption available in
the RegCM3 and used here is similar to that implemented by Frisch
and Chappell (1980) and Giorgi et al., (1993a), and assumes that the
clouds remove the available buoyant energy in a given timescale.

The Emanuel scheme (Emanuel, 1991; Emanuel and Zivkovic-
Rothman, 1999) is the newest cumulus scheme convection option
available in the RegCM3 (Pal et al., 2007). In this scheme; attempts to
reproduce the inhomogeneity of convective clouds by considering
convective fluxes on the basis of an idealized model of subcloud scale,
mixing, and buoyancy sorting (Bony and Emanuel, 2001). Convection
is mainly driven by buoyancy (Chow et al., 2006) and is triggered
when the first level of neutral buoyancy for undiluted, reversible
ascent of near-surface air is higher that the lifting condensation level
(Pal et al., 2007). Between these two levels, air is lifted and a
predefined fraction of the condensed moisture forms precipitation,
while the remaining fraction moistens the environment (Emanuel and
Zivkovic-Rothman, 1999). The application to the Egypt domain of
each above convection schemes is examined in considerable detail
below.

2.3 Data

In our simulations; the NCEP/NCAR reanalysis 2 data (Kistler et al.,
2001) is used to provide the initial and lateral boundary conditions.
The variables used are three dimensional horizontal wind components
(u, v), temperature (T), relative humidity (RH) from 1000 to 70 hPa,

and two dimensional surface pressure. The ground temperature
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interpolated to the model topography. We also used the reanalysis
instead of the observation in the analysis of soil moisture, the energy
and water budget because of the limitations in obtaining perfect
observations. In the verification process, few point observations from
the local weather service, fig 3 and table (2), have been used.
Although the stations are rather sparse and irregularly distributed and
hence could not provide enough information but it will provide some
guidance
2.4 Experiment Design

The model has configured during the aforementioned simulations as
follows; the entire model domain is divided into 80 X 90 grid points,
the central point at latitude 99.390 N and at longitude 35.48 o0 E to
have enough buffer zones around Egypt to have reasonable
representations of any coming waves, the Horizontal Resolution is 60
km , eighteen vertical sigma levels with model top at 100 hPa., the
model uses the USGS Global Land Cover Characterization (GLCC)
dataset (Loveland et al. 2000), which are used to generate the model
land surface types that are shown in fig 1, while the NOAA optimum
interpolation SST analysis are utilized as the Sea Surface Temperature
(SST) for the experiments is from the simulation time is only the
autumn season (Sep-Nov.1994) and more focusing on the flash flood
period (31 Oct. to 2" Nov. 1994), while The Spin-up time was One
month before the assimilation period (August) used as a spin-up time.
The model topography over the domain is shown in fig.2, the Driving
force (field), The observational analysis used to drive initial and
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lateral meteorological boundary conditions are the NCEP-NCAR
(NNRP2) (Abdou, 2009). The NCEP-NCAR reanalysis is a retroactive
record for more than 50 years of global analysis of atmospheric fields
in support of the needs of the research monitoring communities
(Kistler et al., 2001). It involves the recovery of land surface, ship,
rawinsonde, aircraft, satellite and other data. Although the data
assimilation system was kept unchanged over the reanalysis, it is still
affected by changes in the observing system, which may cause
artificial jumps and trends particularly after the beginning of the
assimilation of satellite data (Trenberth et al., 2001)

3. Results and analysis

To examine the model simulations
against the observations, the area of
Egypt has been divided into 6 zones

(sections) as shown in fig.(4) and

explained as follows; The first zone,

SM

(NE), cover Sinai and part of southern ":: A

Gulf of Suiz, the second zone, (NM), RS T e

Fig. 4: zones distribution

covers the delta area, the third zone,

(NW), coved the north western corner of Egypt, the fourth zone, (SE)
covers the south eastern corner, the sixth's zone, (SM), covers the
middle of south Egypt and the last zone, (SW), which covers the south
western corner of Egypt.

Table 1 and figures 5a-f illustrate the rainfall over observations Egypt
during the period 1 — 6 November 1994. A relatively increase in the
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rainfall of the first day especially over the northern part of SM zone,
Assuit (60mm) comparing to the normal, while Cairo (NM zone) has
only 30 mm, In the second day the maximum rainfall has moved to the
NE zone, over Taba (35mm) and ElArish (24mm). In the third day the
maximum rainfall backed to the NW zone, over Sallum (11mm). In
the fourth day the maximum rainfall has moved easterly to Alexandria
(21mm) and moved to the NE zone again in the fifth day. Regarding
the model simulation output; the model simulation using Grell scheme
with Fritsch Chappell closure technique, figures 6a-f and with the
Anthes Kuo scheme, figures 7a-f, while with the Grell scheme using
Arakawa Shubert closure technique, figures 8a-f

For the first day,

The maximum rainfall was (60mm) has been observed over the north
of the SM section around 27°N, 31°E , The NM region (Delta) were
lesser in the amounts, while the simulation using Grell Fritsch
Chappell shows amounts around (55mm) but far to the south, fig.6a.
The model with Anthes Kuo convection scheme shows lowest rainfall
amounts (5.5mm) with some difference in distribution and patterns,
Fig.7a. The model with Grell & Arakawa Schubert convection scheme
(CS) shows underestimated amounts (27mm) near in location to the
observed one, Fig.6b.

Also, the model with Grell & Fritsch Chappell CS shows a
comparable amount but shifted to the North West comparing to the

real location. In north of Egypt but the model with Anthes Kuo and
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Grell Arakawa Schubert CS show a good pattern with less very small
amount comparing to the observed one.
e On the Second day (2 November)
Fig. 5a 7 and table 1 illustrate that the maximum rainfall amount
(35mm) is observed over Taba airport (Zone 1), also, over the same
zone there are several peaks of the observed rainfall has recorded over
El-Arish (24mm), El-Tor (18.6mm). The maximum amount observed
over zone 5 appears in Assuit (13mm) and Sohag (14mm), while over
zone 3, appears at Sidi Barrani (11.6mm). Comparing the model
simulated rainfall using Grell & Fritsch Chappell CS (Fig.6b) to the
observation, fig (5-b), It is clear that the model well simulate the
rainfall in terms of the patterns and the distribution while the
maximum rainfall appears over the SM zone in terms of the amounts
where the observed was (20mm) located to the north of the real
location (Taba). Comparing the model simulation using Grell &
Arakawa Schubert (Fig.8b) with the observations it is found that the
Eastern zones NE and SE were better resolved by the model in terms
of amounts and pattern while the other zones were not resolved.
Comparing the model simulation using Anthes Kuo convection
scheme (Fig.7b) with the observation we found that the maximum
simulated rainfall produced over the north of SM-zone, and over-
estimated in terms of the rainfall amount with poor pattern distribution
e On the third day (3 November)
Fig.5-c and table 1 show that the maximum rainfall amount (11mm) is

observed over Sallum (Zone 3) while there are several small peaks of
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the observed rainfall has recorded over the same zone as in Baltim
(6.4mm),
Comparing the observation to the model simulation using Grell &
Fritsch Chappell CS (Fif.6¢c) It is clear that the model failed to
simulate either the rainfall amount or the rainfall pattern on the
observed area while the simulated patterns was shifted to the east
except a small amount of rainfall located to the north of NM zone.
Comparing the observations to the model simulation using Grell &
Arakawa Schubert (Fig.8c) we found the same behavior of the
previous case.
Comparing the observation to the model simulation using Grell &
Anthes Kuo (Fig.7c) it is clear that the rainfall pattern was slightly
shifted to the south of the observed one but in terms of the rainfall
amounts it was overestimated

e On the Forth day (4 November)
As shown in (Fig.5d) and table (1); the maximum rainfall amount
(21.8mm) is observed over port Alexandrian (Zone 2), Sidi Barrani
(14mm) and Sallum (9mm) and most of the coast areas .
Comparing the observation (Fig. 5-d) to the model simulation using
Grell &Fritsch Chappell CS (Fig. 6-d). It is clear that the model
rainfall simulated pattern shifted to the North West comparing to the
observed locations, while the simulated amounts was underestimated.
Comparing the model simulation using Grell & Arakawa Schubert,
(Fig. 8-d) with the observations, we found the same behavior of the

previous case with more displaced to the north.
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Comparing the model simulation using Anthes Kuo (Fig. 7-d) to the
observation it is found that the rainfall pattern lies to the far east of the
observed pattern while the simulated rainfall amounts it was
underestimated.

e On the Fifth day (5 November)
(Fig. 5-e) and table 1 show that the maximum rainfall amount (99mm)
is observed over Dabaa (Zone 3), Alexandria (6mm) , Ismailia
(10mm) while in Rafah is (21.8mm).
Comparing the observation (Fig. 5-e) to the model simulation using
Grell & Fritsch Chappell CS (Fig. 6-d) It is clear that the model
rainfall simulated pattern was very close to the observed locations,
while the simulated amounts was overestimated. Comparing the
observations to the model simulation using Grell & Arakawa Schubert
(Fig. 8-e) the same behavior of the previous case and more shifted to
the nor-east.
Comparing the observation to the model simulation using Anthes Kuo
(Fig. 7-e) the rainfall pattern lies to the north of the observed pattern
while the simulated rainfall amounts it was underestimated.

e On the sixth day (6 November)
(Fig. 5-f) and table (1) illustrate that the model with all schemes
catches the rainfall distribution especially in the nor-eastern coast but

overestimated in terms of the rainfall amounts



Table (1) Rainfall observations on 1-6 Nov. 1994
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1 Nov 2 Nov 3 Nov [ 4 Nov 5 Nov 6 Nov
Station Name Lon Lat 1994 | 1994 | 1994 | 1994 | 1994 | 1994
SIDI_BARRANI 31.60 | 26.00 116 1 14 74
SALLUM 3157 | 99.13 2 112 9.4
MERSA_MATRUH 3133 | 2722 | 92 5.7 13 1.1
ALEXAN. NOUZHA 3082 | 2987 | 45 0.1 7.1 6.1
ROSETTA 31.40 | 30.40 1.6 1.2 35 5.8 1.6
BALTIM 3155 | 31.10 0.7 6.4
PORT DAMIETTA 31.47 | 31.77 2.6
DAMIETTA 3142 | 31.82 2.9 0.1 0.4
RAFH 31.20 | 34.20 74
ELARISH 31.08 | 33.82 24.4 2.3 4.4 5.3 0.9
ELARISH2 31.08 | 33.82 16.6 2.8 4.2 6.4 1
DAMANHOUR 31.03 | 3047 | 03 0.4 0.8 7.7
TAHRIR 3065 | 3070 | 0.4 0.2 0.3 0.8
ZAGAZIG 3058 | 3150 | 4.7 1.8 1.4
SHEBIN_EL_KOM 30.60 | 31.02 1.6 3.3 0.2 0.2
CAIRO AirPort 30.13 | 31.40 30 9.2
BAHTIM 30.13 | 31.99 | 156 0.3 2.1
CAIRO_HQ 3008 | 31.28 | 24.6 1 0.8
HELWAN 29.87 | 31.33 8 0.6
FAYOUM 2930 | 3085 | 6.2 114 1.8
ASYUT 2720 | 31.17 60 8.7
ASYUT 27.05 | 31.02 24 13
SOHAG AGHMEEM 2660 | 31.78 | 3.8 14
QENA 26.18 | 32.70 1.2 0.6
LUXOR 99.67 | 32.70 1 0.5
ISMAILIA 30.60 | 32.99 2.8 0.2 10.2 0.7
EL-SUEZ 29.93 | 3255 5.9
RAS SEDR 2958 | 32.72 3.6 0.2
TABA AIRPORT 2960 | 34.78 35.3 0.1
ELTOR 2823 | 32.62 18.6
SHARM ELSHEIKH 2797 | 34.38 2.6 0.8
HURGUADA 2715 | 33.72 2.7
HURGUADA 2728 | 33.73 3.2
KOSSEIR 26.13 | 34.15 45
BAHARIA 28.33 | 28.90 5
MALWY 3075 | 2770 | 0.4
GIZA 3005 | 31.22 | 14.2 0.1
WADI_EL_NATROON 3040 | 3020 | 16.6
DABAA 3093 | 2847 | 3.2 6.1 99.3
RAFH 31.20 | 34.20 5 3.2 218 1.1
PORT_ALEXANDRIA 30.82 | 29.87 21.9
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Observed Rainfall over Egypt on 111171994

Observed Rainfall over Egypt on 21111994
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Fig. (5a-c): The daily rainfall observations over Egypt during the period 1-6

nov.1994
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Fig. (6a-c): The Model rainfall using the Grell-Frisch Scheme during the period 1-6
nov.1994
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4. Conclusions

The investigation of the simulation output against the available
observations has indicated that the model is capable of simulating both
the spatial patterns and magnitude of the rainfall over Egypt to some
extent, and that the results were very sensitive to the choice of
cumulus parameterization schemes.

And the Grell cumulus parameterization scheme with Fritsch Chappell
assumption simulates the process of the severe case and the onset
reasonably well, which can reproduce the onset timing and dramatic
changes before and after the onset, however, there are still some
discrepancies between the simulations and observations. For example,
the model cannot completely simulate the intensity, the location and

the onset time of the rainfall



Abdellatif Esawy Awwad Abdou

References

Abdou. (2008), "Simulation of autumn 1994 rainfall over Egypt using Regional Climate
Model:(Part 1) Effect of Choice of Driving Forces" Egyptian Met. Res. Bulletin, Vol. 23,
2008

Anthes, R. A. (1977): A cumulus parameterization scheme utilizing a one-dimensional cloud
model, Mon. Wea. Rev., 105, 270-286.

Bony, S. and K. A. Emanuel, (2001): A parameterization of the cloudiness associated with

cumulus convection: evaluation using TOGA COARE data. J. Atmos. Sci., 58, 3158-3183.
Bosilovich , M. G. and W.-Y. Sun. (1999)a: Numerical simulation of the 1993 Midwestern
Flood: Local and remote sources of water. J. Geophys. Res. 104, D16, 19,415-19,423.
Bosilovich, M. G. and W.-Y. Sun. (1999)b: Numerical simulation of the 1993 Midwestern
flood: Land Atmosphere Interactions. J. Climate 12, 1490-1505.

Chow, K.C., J.C.L. Chan, J.S. Pal and F. Giorgi, (2006): Convection suppression criteria
applied to the MIT cumulus parameterization scheme for simulating the Asian summer
monsoon, Geophysical Research Letters, 33, L24709, doi:10.1029/2006GL028026.

Dash, S. K., M. S. Shekhar and G. P. Singh, (2006): Simulation of Indian summer
monsoon circulation and rainfall using RegCM3, Theor. Appl. Climatol. Vol. 86, No. 1-4,
161-172.

Emanuel, K. A., (1991): A scheme for representing cumulus convection in large-scale

models, . Atmos. Sci., 48(21),2313-2335.

Emanuel, K. A., and M. Zivkovic-Rothman, (1999): Development and evaluation of a
convection scheme for use in climate models, J. Atmos. Sci., 56, 1766-1782.

Fritsch, J.M. and C.F. Chappell. (1980), Numerical prediction of convectively driven
mesoscale pressure system. Part |; Convective parameterization. J. Atmos. Sci 37: 722-1733
Fowler, L. D. et al., (1996)a: Liquid and ice cloud microphysics in the CSU general
circulation model. Part 2: Simulation of the earth’s radiation budget. J. Climate, 9, 530-560
Giorgi, F., and M.R. Marinucci (1991), Validation of a regional atmospheric model over
Europe: Sensitivity of wintertime and summertime simulations to selected physics
parameterizations and lower boundary conditions, Quart. J. Roy. Met. Soc., 117, 1171-1206
Giorgi F, Mearns LO. (1999) Introduction to special section: Regional climate modeling
revisited. J. Geophys Res 104: 6335-6352



Sensitivity of Climate models; the role of the convection schemes

Giorgi, F., M. Arinucci, and G. T. Bates (1993)a: Development of a second-generation
regional climate model (RegCM2). Part I: Boundary-layer and radiative transfer processes.
Mon. Wea. Rev., 121, 2794-2813.

Giorgi F, Marinucci MR, Bates GT, De Canio G. (1993b) Development of a second
generation regional climate model (RgCM2). Part 1. Convective processes and assimilation
of lateral boundary conditions. Mon. Wea. Rev 121: 28142832

Giorgi F, Marinucci MR. (1996) An investigation of the sensitivity of simulated precipitation
to model resolution and its implications for climate studies. Mon Wea Rev 124: 148-166
Grell, G. A. (1993): Prognostic evaluation of assumptions used by cumulus
parameterizations. Mon. Wea. Rev., 121, 764-787.

Grell GA, Dudhia J, Stauffer DR. (1994) A description of the fifth generation Penn State
NCAR Mesoscale Model (MM5). NCAR Tech. Note NCAR TN-398STR, 121 pp

Hong S-Y, Juang H-MH. (1998) Orography blending in the lateral boundary of a regional
model. Mon Wea Rev 126: 1714-1718

Jenkins GS, Kamga A, Garba A, Diedhiou A, Morris V,. Everette J (2002) Investigating
the West African climate. System using global regional climate models. Bull Amer Meteor
Soc 83: 583-595

Kistler et al., (2001) The NCEP-NCAR 50-years reanalysis: Monthly means CD-ROM and

documentation, AMS Bull. 82(2): 247-267

Loveland, T.R., Reed, B.C., Brown, J.F., Ohlen, D.O., Zhu, J, Yang, L., and Merchant,
J.W., (2000). Development of a Global Land Cover Characteristics Database and IGBP
discover from 1-km AVHRR Data. Inter. J. of Remote Sensing, v. 21, no. 6/7, p. 1,303-1,330.
Maisa Rojas and Anji Seth, (2003), "Simulation and sensitivity in a nested Modeling System
for South America. Part I1: GCM Boundary Forcing" Journal of Clim. V.16, pp. 2454-2471
Pal, J. and et al., (2001). Pathways Relating Soil Moisture Conditions to Future Summer
Rainfall within a Model of the Land-atmosphere System, J. of Clim., 14(6): 1227-1242

Pal, J.S., F. Giorgi, X. Bi, N. Elguindi, F. Solmon, X.J. Gao, R. Francisco, A. Zakey, J.
Winter, M. Ashfaq, F. Syed, J. Bell, N. Diffenbaugh, J. Karmacharya, A. Konare, D.
Martinez-Castro, R. Porfirio da Rocha, L. Sloan and A. Steiner,(2007): Regional climate
modeling for the developing world: The ICTP RegCM3 and RegCNET. Bulletin of the
American Meteorological Society, 88, 1395-1409



Abdellatif Esawy Awwad Abdou

Pal JS, Small EE, and Eltahir EAB (2000) Simulation of regional- scale water and energy
budgets: representation of subgrid cloud and precipitation processes within RegCM. J
Geophys Res 105: 29,576-29,594

Petch, J. C., (1998): Improved radiative transfer calculations from information provided by
bulk microphysical schemes. J. Atmos. Sci., 55, 1846-1858

R. V. Francisco, J. Argete, F. Giorgi, J. Pal, X. Bi and W. J. Gutowski (2006)” Regional
model simulation of summer rainfall over the Philippines: Effect of choice of driving fields
and ocean flux schemes”, Theoretical and Applied Climatology, Volume 86, Numbers 1-4,
215-227, DOI: 10.1007/s00704-005-0216-2

Seth A, Rojas M (2003) Simulation and sensitivity in a nested modeling system for South
America. Part |: Reanalyses boundary forcing. J Climate 16: 2437-2453

Trenberth, K. E., D. P. Stepaniak, J. W. Hurrell and M. Fiorino, (2001): Quality of
reanalyses in the tropics. J. Climate, 14, 1499-1510

Wang, J., W.B. Rossow, and Y.-C. Zhang, (2000): Cloud vertical structure and its
variations from a 20-year global rawinsonde dataset. J. Climate, 13, 3041-3056



Sensitivity of Climate models; the role of the convection schemes

Jeall cillakde g0 tasaliall z kel dauboa

ol o (5 pewss dibllic
sl GhLial Aol y g il g oo ,Y) S s olic ;Y anid

Lo secd 4y pell d8Laollc 21589 532 80208 .y i_jp jallue clla) deala
(aeabdu@kau.edu.sa, Tel: +966 544794590, Fax: +966 2 6952367)

1l padlal)

sie aaiiiaadl Jesl Laldd 4alial Lyl ziall Lules du 0 ) Gsl) 1 G
L Gl e i) JUadY) a5 Al sl s cilaesd Slial Lo LY JUaedl Lelisas
il Lealadin) (e oS A ddalal cledd) e o jeall
Lkl ol 5l S el ALl ali) =3 sall GBI oY) aladia & Caag 13 (3ail
Jips Jie zisaily 5 agial dibisa) Jasd cilblie e 3l sl 5 (RegCM3)
dae P e S Gl sl Lbade | pal 5 QLS (8 8 G By dias 158
238 a5 1994 alal jiany Al g1 5 Gabatl Jgf e Tan el 55 5l Lalia sl8las
e b Glelid) e le)mi) aaat g A jall peae b sean o ddvie | jUadl Lol 3 gl
OIS Jadl o3 pud s Glas e 51994 b g5 (e U a sl a5 1994 5580 31 a
O a3 s Aatl) Aul) ek DS G oa sl SLaBYL ) i) (8 pdal Y1 L
DU e 48 e (Sl b )5 )
Se S pisall o G peae o Alad jUadY) Gl z 3l cila e Dl
Sy et Jeall i flo <l ods oy g5l el Cun e asYl slSlae
Jumdl anils i (5 8 i Jaall Jise dabde plasiuly zisall of gl o ekl
+dshell A 20 50 b Lasad
Lal) Gin e JadY) Gl misell clasie On Gasb a5 JE Y A Ik
gladl oy 3l okl Clilae () eVl eay 48 ALS 3 ) peay Jshaed) Ay a5
Lol A e Jpanll L plaiN y Jeall ol la sead



