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In order to understand the nature, extent and magnitude of these climate
- changes usually we used General Circulation Models(GCM)

>lobal Circulation Model (GCM) do not resolve the topography. land use ar
clouds features at regional scales because of their coarse resolution

SO WE NEED DOWNSCALING....ccccoeeteececcescrsescescs

Using Downscaling techniques, high resolution information can be obtaine

on climate change from comparatively coarse resolution Global Climate
Models (GCM)
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/ Regional Climate Models

Regional climate models (RCMs) are used to
study the regional climate processes, regional
climate change impacts and seasonal climate

variability

RCM Technique is same like numerical
weather prediction (NWP) models, except that
it run for a longer time

A RCM is Nested within a GCM in order to
locally increase the model resolution

Nested RCMs need Initial and Ilateral
boundary conditions (IC & LBC) from GCMs

or reanalysis of observations




uth Asia has diverse climate and characterize by complex topographical features and mar
rﬁnéive mountain ranges of HKH

cipitation and temperature regimes of the region are complex due to different weather systems |
svail during the whole year and pose a great challenge to the regional climate models in reprodu
 observed climatology
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/ ICTP Regional Climate Model RegCM4.3

‘International Center for Theoretical Physics (ICTP) regional climate model (RegCM)
 RegCM1 (1989)

— Dickinson et al. (1989), Giorgi and Bates (1989)
 RegCM2 (1993)

— Giorgi et al. (1993a,b)

 RegCM2.5 (1999)

— Giorgi and Mearns (1999)

 RegCM3 (2007)

—Pal et al. (2007)

 RegCM4 (2012)

— Giorgi et al. (2012)



S ICTP Regional Climate Model RegCM4.3

he dynamical structure of RegCM includes the hydrostatic version of the mesoscale m
ersion 5 (MM5), of the National Center for Atmospheric Research (NCAR) and Pennsylv
tate University (Giorge et al. 1993)

egCM includes the BATS (Dickinson et al. 1993) as well as the community land model (C
ersion 3.5 (Tawfik and Steiner 2011), as an option in its dynamical core for land sul
rocesses

or radiative transfer, RegCM uses the radiation package of NCAR’s global community clii
10del, Version CCM3 (kiehl et al. 1996)

esolved scale precipitation scheme based on SUBEX parameterization of Pal et al. (2000)

he cloud radiation part contains 3 parameters, including cloud fractional cover, cloud Ii
ater content and cloud effective droplet radius

egCM uses the planetary boundary layer (PBL) scheme based on a diffusion/relax:
oncept (Holtslag et al. 1990)



e’
Convective precipitation (RegCM4.3)
“ The Kuo scheme (Athens et al. 1987)
¢ The Grell scheme (with two cumulus closure) (Grell et at. 1993)
1. Arakawa & Schubert
2.Fritsch & Chappell
* The MIT-Emanuel scheme (Emanuel and Zivkovic Rothman 1999)
* Grell over land and Emanuel over ocean

«» Emanuel over land and Grell over ocean



Experimental Design

Two experiments are conducted for present day simulation (1971-2000)
Initial and lateral boundary conditions
1. European Center for Medium Range Weather Forecast (ECMWF) 40 years reanalysis
(ERA40) data with a grid spacing of 2.5°x2.5° (RegCM4.3-ERA40)
2. European Community Hamburg atmospheric general circulation model ECHAM5
(RegCM4.3-ECHAMS)
Sea surface temperature data is prescribed from Global Ice Coverage and Sea Surfac

Temperature (GISST) with a 1x1 degree resolution.

The model topography and land use data are obtained from Global Land Cow

Characterization (GLCC) at 10 min resolution.
The horizontal resolution of RegCM4.3 in these experiments is considered as 50km

The total number of vertical levels are defined as 18 sigma level wit 5hPa at the top of tt

model -
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Results
Seasonal mean climatology (Temperature)
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Averaged (1971-2000) two meter air temperature (° C) in DJF (left) and JJA (right)
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LDEL minus SR
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Seasonal mean climatology (Precipitation)
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DJF (left) and JJA (right) average (1971-2000) precipitation (in mm/day)
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Western Ghats-b Northern Pakistan and India-a
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Northern Pakistan and India-a

=
©
°
€ 4
S
C
- ﬂ }
1 TIFHPPT AT
Q.
¥ iled il ks
. X > B & S
A .
Q& @ & ¥ Y o@‘» @ &
NAEPL v o
%0
mCRU mUDEL =ERA40 =ECHAM5 mRegCM4.3-ERA40

Western Ghats-b
B
o 12 e
£
£ 9
c
S 6
s
1.1 i Bais
& S N & > 3
Q Q 9 0
& & & & @’b ‘?' 5° o‘?? 6‘ \° & 6‘
04 0(: 5@ 60 Lo xQ o(’ 40 00
é Q Q 60Q éo 00
RegCM4.3-ECHAMS mCRU ®UDEL w®wERA40 ®ECHAM5 mRegCM4.3-ERA40 mRegCM4.3-ECHAM5

Bay of Bengal-c

B
g 15
£ 12
£
= 9
L ﬂ ]
g 3
3 o0 .._.'I-l.-l-l-.-ﬂ.-—l II L =17
o
S O & »d ¢ s & &
é‘w ~o‘°’b \@0 NGRS v&o o (}o 4@ &
> @ (e) (9
< PN S f
mCRU ®mUDEL " ERA40 '~ ECHAM5 =RegCM4.3-ERA40  RegCM4.3-ECHAMS5

Annual cycle of monthly area averaged precipitation (mm/day) over 3-

sub from 1971-2000
T NS



/ Conclusion

—

valuation of RegCM4.3 with two experiment (1971-2000)

ain features of Precipitation and Temperature are reproduced well

igh precipitation intensity with wet bias in winter over the foothills of HKH

ain characteristics of the summer monsoon precipitation are also captured well

jases inherited from GCM/Reanalysis, complexities of the domain and internal dynamic o
egCM

nnual cycle of temperature and precipitation analyzed and compare over NPl, WG and BE
ynamic downscaling improved the output of reanalysis and global GCM in many part of S
sian domain

Irther investigation is required to take account the large differences between the driving
1d RCM by using other available parameterization and land surface schemes schemes
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