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6. Advanced Very High Resolution Radiometer

7. Biosphere Atmosphere Transfer Scheme

8. International Centre for Theoretical Physics

9. Optimum Interpolation Sea Surface Temperature
10. National Oceanic and Atmospheric Administration
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1. General circulation model

2. NCEP/NCAR Reanalysis Product version 1
3. National Center for Environmental Prediction
4. Global Land Cover Characterization

5. Global Topographic data
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1. Giorgi and Mearns

2. Mesoscale Meteorological Model, Version 4
3. Dickinson

4. Holtslag

5. Community Climate Model Version 3



WA 3l o319 o 5louds ooy JUw (il g (oo (g3 ol alxo Voo

w2l
Ol 1y Je 63,515 e b 303 2 o8 Olse e )
S ol g oL saasol i O zeS polie s
AL e ol el 3led e saas0lEs OF i Sl
Lt 5 daly b pes S 150le 5 s S & sons

(Y'\\ cv\.ﬁeﬁ}d}aﬁ%)

)

Sl gllas Kk
L de g3ladide Calls sl gl Gl sl S5l
Sldie (a3 S Jlsle 5 s (#) dasly 5l osla o
FS o5 plie 5 g @lawdde ka0t Of i
(N GSg) cl 3ladde s et sasplis
MAE =%Z?_1|Psi —~Po, | *)
@L‘S
Sle s 53 G D smoa e oL Sk s
S Fed S 63 5doee @Lu' oled Gl A s ey e S
Oy ooty dls Cilisis glacaad o @Lﬁ S A ol
Shedlae colsp b Sl 3 s il sdaline L6 SIS
Ll calos g Sl e (laalds |5y (S 5318) 55d5ee
Shesle il oay o il Salus ladds )3 a8 ol S5
L O s ol (Koo ol o 5L (55,0 sLaesls
S50 dde sl 5l 6 i Culis Slalie glaesls
Lladde cpllys cddl ails b e 4o ,e )3 ealial
xS e s s LS e e 8 Slialle lacsls
Gl i 5 axdlas LB 0T 53 e (g5lw il 5,
M@.J_.Zfl;djlé:)yiilzﬁé\ﬁwlbw\ﬁd
Ol b b e sl B8 SL Glaskae o
ol oslize O s ol oae uals 5 s 5 o esli il
e e 6‘-“)‘}@;]’ Om S s o
e Gla s S amalie Gl sl s e Al o

A eslixal Sl

N CHEVE TR N o] WV W S & o5 sl
st s VL L Sl Ol llas glax - Sl
SIS a5 0 S alows sl 5 Sl lows
s oals Sl £ B Y S gl el b s
Foloel dmd o S o) Sl Al pp aS S S
Skl 5oS0le dls S 5 Jod 2 Gl e 255
s Jad sl eslsp b e OF el s dsloe
A et Jle S

ol 25, s b,

(RMSE) ;e sllas g 0 550mn .l

U s ol o Sl g 53 ke sllax s ) sds
)\Jﬁ(rj.: B (Y) :\Ja_:b )l ool il L: .,\.\de ):ﬁxj gnil@-!&

RMSE =\/%Z?1(Psi ~Po, )’ )

s odd giledde s 5L 5 a4 POl 5 Psi eyl s

(Y'\\ ‘\wﬂi)) Sl LS)L-AJJ/‘ 693 > ‘-5:L°)
Slabue 5 lin o5k sl 51 s il o
&)L&jlﬁdy}‘&))d‘bdnl_ﬁe.ﬂ_ﬁ_w\
13 S dnlone Condly Lo ledie
Diff =Ps, —Po, )
/n
Slp sl éurgsz&w%F asdllas ol s
CDO )\Jﬁlrf )‘ saleial L: 6)(.«.").)»« 3))2 BE J“.i.\i A
n _ _
_— 2L =0 -Y)
Xy n —\2 n —\2
IS0 X2 (v, - Y)

jo.k__.iéjl__wd.h LSLAU.Z)LV.:SJSLJ)/‘}X OT))‘LS

A9

(QM) &L.w\ 6‘)l.wd.lﬁ Z\)}b L ‘-;’L&)

1. Wilks



B3 ...&)5.‘_)? e t.»é)».b ‘s}uﬂ‘)l}: iz ‘slbvz’) @‘)U @b})'

Jodr) Lo Ol clin 505 b 55 b pa 5o o5l
DAeAS IS Ll b e ¥l ml a5 L ()
Wl o3l QLS i 5 e Adlate 3 1y

SV 5 s Sl 53 58 S s
500 dsdr s had olie S g 4 L8 O p0n
st e3ls QL (F) K3 53wl &y poots 8V il
5 e Gble 53 (Ses @il ol 4 x5 L
B s se dalale s Ll glane Calises L;Lawljcjbja
L e s oo OLES 1) (Soon i 58 005 b
Slesls b Saand Oljs 5 Ll 2t fs 4 28 4 4> 55
el ole Bels 1 miy wlal dls s Sloalie

i AS IS e b bl el 4 s b
3 O/F oyl :Ske) VL oL (g5ledie 53 1wt
Sle) Ol 5 (VY gl S Sl et
Gilwdde 55 1) a2 FC U3 5 (/A o
Sile) Ol 5 (17 o Il o Sl) 5l dpead 504
() Jsd) calesls OLES (VY o

Gl oyl e gla By, (2L,
lat e padame Ly 2L AN L5l il
Gl gLl 1 Sle 5 )l (ol M (Sl
s 0313 QLS (B) 5 (0) () oY) sla IS 53 s S
sl a5 0 RFs aa

I PUE S  PRRG S

Colwddbe gl ol &slate Calises bl s (3led e
ey ol (Kon o8 035 55 T Slin S bl s
Shalie glaesls 5ol @3s 5 ol oKasl 3508
dlate g ed sl dls b b 51 il gble ool s
7 Aot Gble des (gl p ol (S g en g )5
s Jl ilisis Jgeab 3 s ol e dle LSl el
el gl 5k 53 S U e 5 e
ool RMSE (Gllas gl 228 13 oS 5 sbOles cprimmen
Ol Lals 3 Uast Ol e 3535 oo olos Jiob Cidast|
Slaslae daa candllae il s ul ol dals I 1 S
Syt 45 A Agl LB O st 0 b Sl ol
Aaobre pa il cd e s S i pa b o
oSle bonlg 5 Sosls ¥ Y gl ol b

L 4

‘ _

e[S 8o,
,‘,ﬂm
|

X.

L. A AlndR Sele

wf ‘
E ; b

o) SLT &l 5 (o ghS £r 235 tamly o) Jale Baals 53 Yoo F Jlu 50355 ludite 35L Kl glas w0 5 gdome (V) 03
Jsbel 55z b (d (FC JZ 6,057k (€ AS IS 5,5 b (S 55157 b @ (raghs Yo 2ds i



1YAD sl 03095 0o a9 s ot s guitido siogy sole aloa Y

—10¢ 0o 200 0 400 00 600 YOO SO0 1000 =100 0 100 200 400 [ 200 80C 1000

(- = — L s N N . L boa 2
53 SSE S8 SBE S0 SX GMESXE S4E SEE SE 60 BE  B4E S3E S8E  SEE & 6

==t : =y
ot 0.2 03 o4 c.5 e [k oe o [3¥3 [X] 0.4 on 06 LX) ca




\.¥ w391 2 30 & po (5 5lw kel il o Sg, )l (b))

1 lL:I ME SE =i
e o) ALST Eals 5 (kS 0 s iy Caans) e Eals 5o Yoo ¥ Jlu lalie 5 sddigiledie Gik ()l 10) s
Jsbl 515z b (d (FC I8 5,057 b (€ AS IS 4,50 b (0 sS 5)l5m b @ (ks Yo 2ds

N

o o) WLST Eals (o shS $0 s 1y Caans) Jale &als 53 Yoo ¥ Jlu s g5 ledie Jiob s gl 5 Kile (5) s
Jsbl s,z b d (FC U5 5,05z b € AS JZ 615z b (b (S 5,05z b @ (roshs Yo s

o,loz b iz gla fuad 20k gl 5l 2l iy o Amlis eend 1(V) g

(3l pely slais)) bae s b

sl FCuzs AS U8 S slaslas
il 9 D i) D =) B i} Ll
EIE N SR R S L S N S SR 20 I S N A SN S P S N NS SN S
? 4 K 2 ? o) ? 5) ? = N 2 2 3 S 3
Y Y oy oy Vv Yooy Y Yo Y[y Y Y Y Y|Y¥ ¥ ¥ ¥ ¥ RMSE
YO ooy Y Y| f Y Y ¥ Y |Y VYooY Y Y[ ¥ f ) e
Yor oY Yo oY Y Yo ovoyY oY [ VoY oY vy fFofY ¥y ¥ e
Yor oY Yo oY |y Yo ovooY oY [y oyY oY vy fFof ¥y ¥ s
Yoor oy ¥ Y Yy vy oY Y Y[ \VOoY o Y oY V¥ oO¥ ¥ oy ¥ MAE
AVARA SN VAR v/ ¢/ N VAN VAN VAN /AN VAR N VAN VAN VAN VAN VA S VAN SN N S v/ oS




WD 5l 3lgd 6 )lod quamiy Jlw (il piameansS ouwiigo (Ll s sole aloro V¥

Ao o) Db o e Sl s e dilaie > Sl
Vo sl xS Slaalie bedidgsludde ool Ol ds s
sl i bl dals s Gkl opl Js Lol sy
s e Ol 5 (V) s g 53 0l ols LS CL’ el
ol BT Eals 51 S sle dels s Mt Ol e oS

b giled e ¥
Ld s 5 e Jsab gl Ok (mli 4 ar 5 L
Ol Shalads sl 5 0l (S5lwde nlin (slae 15 b
b sdicsslmdde Sl Ot A s 0T 035 63,08
arg b esls gL (A) 5 (V) K3 s gSlaalie 550

RS 03 AS 3y i e et e pile duls js (V) SS a

40N

39N
38N
37N
36N
3aM

B2E

G4ES3E  S4E B6E SBE &E

10 20 30 40 B0

Coo) LT Bl 5 (o ghS #0235 oz Coom) jale dals 3 Yoo f Jlo Slaalin g eddgiludde 5,6 SN s s (V) ) seas
(AS J5) o)lsz b cn i b (ks Yo o35 i,

Ll aals 5 (raskS £v s 1omly o) sl dals 53 Yoo f Jla Slalin g edd giludue Lad 5 ,L SNl de ;s ((A) 3 geas
(FC J85) ks (d « (FCUB) 5 (€ (AS J8) 0ksls (B (AS J3) jle @ cosloz b o g b (roshs Yo S o Cua)

]

1T S Jols b jan Cilises Slolsz b gl 2
Sl S5l 5 55 (FO) Jommg b U S (AS) &y
DB esliial 5y 50 5508 600 Jled ddae 2L (g3lwd s
Sl kS Foxfe Bl SSE 53 3 glwdbe o5 S

S oS 9 Lou
cdlawu;,péjgdu);aﬁwﬁ@@jp
McMLJEJJJ}A L;:Lg_fl.: 6@&)1.:45@@0})4_’

axllae d'i‘ B G LS‘))JJM‘)) o)\jcjb U'QJ:'@"



Vo0 w391 2 30 & po (5 5lw kel il o Sg, )l (b))

o Ol l gl el gleailal oS sls Ol =k
Vi (Stas Ole s e Glialie 5 Sl 200
S e eyl Bl (sl L) &S S g 53 ol iy el 03
G3Laltl 3 g8 plol )| b el &S S50 3 AL
NS Sogme 55 Dy did o 25 1 S 5 005 J e
El ot el ul ol s Oy san Jds 2
sls dal gt OLES 1y (Sl 51 adls b slie 3laaild]
dg S sl bl Glasbas ol Sladllas ST s
Sy Cu Sse ol 3 &S Sl ol &) (gde ) soa
6}@»}%@% ol s g dal s (65 5,8 sble L
sdaliie 45 5 boles A € basid 53 5 5, 40 kg
) e G5 e ddlae gl baelap b des il 505 e
5558 Jles bl 53 Lo pasen Ut Ole 5 35 Gbli
A ofd 5o OF JS 55 5 sty Sk Ole S
et Wl Olge (33 0 g a5 (piomen A3
(ol aals o 5 cabie Vs 4 et ol es s
@QT@&&:Q@@P&Z)MUM\:},«
55 3590 830 e At o o3l gladue 5 5l
S e 55 e 35 el e dnls LIS 3G slaols
(S D ot gl O b ol sl ol il il
53 5 okd aseia (bl lajlae L5 51 J 53 5 50 53 5dme
Lk 5 a0 dabeie (gl Jde 0l ol sual_ie &y s o

Al g |l e Olaskio

SR

Slety st te b B I3 5SS |
3 ke GOen Sl gl e ST S el ol hlas
553 e A S b elldls S5 il S
0031 JolS U315 0L s ads) Sl g ule
538 S

Gl &als (gl eyl YoxYe bl SS& 5 5ole il
Sadoms (sla e 3l eslial b (g3lwdde ollS A | ]
Ghlas sl SKls 5 (Saan sl (Sle sllax m 50
e o lsr b Jlae 2 (sl p 5 88 15 anllles 55
g b Ll pasde caline pad gl o) 5
dilaie gl o)l sz b op e edinly bl slasbas s 4
B LS ol S il U8 Dlag b s,
(Yoo A) OLes 5 Oy S 5 (V20 A) UL 5 0L LU
OLan 5 (sdudo 3,03 allas (Y+0V) 0l San 5 b JLia
2307 Sl G e Sl olsm b cpl ) 5 (YY)
;S eslial (glaikie sla 5L

6LAQK£J> aadlze ASbe ol (=L>u\ u,uL:iAg)j PR -1

5o Sladllas 51 0L

b oS 5t laol 5 dulp ebide s S sl s
aSLaT3l aslesls a1 s 2 2l Laeslsm b sl
ol e b il b e gla pulite 4 Loyl 5 b
bl o elil b 4 a5 L s S dalt i il
il ble jsaS U35 ek e SLSe Oy man
Sl ar g b opl by ol s il glae g b
Sl s A2l o 3 3 50 (63 3dome e ctllan ol 3
5 b2l e Slalllas L L ed i bl o5 b
L 250 Sl b Ol5 o 50 Sk silmwdidls Gl 4,
Sl e (Sl aay 5 Si gble ST s s S Ol
R B R R T S e
2L S (Sladte e 1y Jpsd ol S (Slolsm b
e AS S & Ll 3 S i tls sl s e
Jeap 2l giled e sl T e e s ST
L Ol o0 &5 S o Iy Copatl VL 5L Slde 5 Olie
ol 52 a8 Slsml 1y i 5550 65l b T 5l eslin
Dl o 5l 5AS U8 55 b S JS (5l anlllas

Ll s FC J S

@Lu

Review 105: 270-86.
2. Babaeian, ., Karimian, M., Modirian, R., Habibi
Nokhandan, M., 2008. Simulating the rainfall of

1. Anthes, R. A, 1977. A Cumulus
Parameterization Scheme Utilizing a One-
Dimensional Cloud Model. Monthly Weather



YA 3ol o203193 6 ot quoxiy Jlw )bl piemmsgST oo (g s sole alxo

cold months in 1376 to 1379 using climate
model RegCM3. Geography and Development
Iranian Journal. 10: 55-72.

3. Bao, Y., 2013. Simulations of Summer Monsoon
Climate over East Asia with a Regional Climate
Model (RegCM) Using Tiedtke Convective
Parameterization Scheme (CPS). Atmospheric
Research 134: 35-44.

4. Betts, A. K. 1986. A New Convective
Adjustment Scheme. Part I: Observational and
Theoretical Basis. Quarterly Journal of the Royal
Meteorological Society 112(473): 677-91.

5. Dash, S. K., Shekhar, M. S., Singh, G. P., 2006.
Simulation of Indian Summer Monsoon
Circulation and Rainfall Using RegCMS3.
Theoretical and applied climatology. 86: 161-
172.

6. Dickinson, R. E., Errico, R. M., Giorgi, F.,
Bates, G. T., 1989. A Regional Climate Model
for the Western United States. Climatic Change
15(3): 383-422.

7. Giorgi, F., Marinucci, M. R., 1991. Validation of
a Regional Atmospheric Model over Europe:
Sensitivity of Wintertime and Summertime
Simulations to Selected Physics
Parametrizations and Lower Boundary
Conditions. Quarterly Journal of the Royal
Meteorological Society 117(502): 1171-1206.

8. Giorgi, F., Marinucci, M. R., Bates, G. T.,
1993a. Development of a Second-Generation
Regional Climate Model (RegCM2). Part I:
Boundary-Layer and Radiative  Transfer
Processes. Monthly Weather Review 121(10):
2794-2813.

9. Giorgi, F., Marinucci, M. R., Bates, G. T., De
Canio, G., 1993b. Development of a Second-
Generation Regional Climate Model (RegCM2).
Part 1l: Convective Processes and Assimilation
of Lateral Boundary Conditions. Monthly
Weather Review 121(10): 2814-32.

10. Giorgi, F., Mearns, L. O., 1999. Introduction to
Special Section: Regional Climate Modeling
Revisited. Journal of Geophysical Research:
Atmospheres 104: 6335-52.

11. Gochis, D. J., Shuttleworth, W. J., Yang, Z. L.,
2002. Sensitivity of the Modeled North
American Monsoon Regional Climate to
Convective Parameterization. Monthly Weather
Review 130(5): 1282-1298.

12. GRELL, G. A. 1995. A Description of the Fifth-

|34

Generation Penn State/ NCAR Mesoscale Model
(MMD), NCAR/TN-398+STR. NCAR
TECHNICAL NOTE. 121pp. Available at:
http://ci.nii.ac.jp/naid/10016459788/en/.

13. Grell, GA. 1993. Prognostic Evaluation of
Assumptions Used by Cumulus
Parameterizations. Monthly Weather Review
121: 764-787.

14. Holtslag, A. A. M., De Bruijn, E. I. F., Pan. H-
L., 1990. A High Resolution Air Mass
Transformation Model for Short-Range Weather
Forecasting. Monthly Weather Review 118(8):
1561-75.

15. Hsie, E. Y., Anthes, R. A., Keyser, D., 1984.
Numerical Simulation of Frontogenesis in a
Moist Atmosphere. Journal of the Atmospheric
Sciences 41(17): 2581-94.

16. Im, E. S., Ahn, J. B., Remedioc, A. R., Kwon,
W. T., 2008. Sensitivity of the Regional Climate
of East/Southeast Asia to Convective
Parameterizations in the RegCM3 Modelling
System. Part 1: Focus on the Korean Peninsula.
Encyclopedia of Atmospheric Sciences 28:
1861-77.

17. Irannejad, P., Ahmadi-Givi, F., Pazouki, R,

2009. The role of convection parameterization in
the simulation of the winter temperature and
precipitation fields over lIran using Regional
Climate Model (RegCM3). Journal of Earth and
Space Physics 35(1): 101-120.

18. Kang, H. S., Hong, Y. H., 2008. Sensitivity of
the Simulated East Asian Summer Monsoon
Climatology to Four Convective
Parameterization ~ Schemes.  Journal  of
Geophysical Research Atmospheres 113(15): 1-
17.

19. Karimian, M., Babaeian, 1., Modirian, R., 2008.
Evaluation the capability of climate model
RegCM3 in  modeling precipitation and
temprature in Khorasan Province, case studey:
winter of 1991 to 2000. Geographical Research
97: 167-186.

20. Kiehl, J. T., Hack, J. J., Bonan, G. B., Boville,
B. A., Briegleb, B. P., 1996. Description of the
NCAR Community Climate Model (CCM3).
Technical Note. Avalable at:
http://www.osti.gov/scitech/biblio/442361

21. Krishnamurti, T. N., Sanjay, J., 2003. A New
Approach to the Cumulus Parameterization


http://www.osti.gov/scitech/search/author:%22Kiehl,%20J.T.%22
http://www.osti.gov/scitech/search/author:%22Hack,%20J.J.%22
http://www.osti.gov/scitech/search/author:%22Bonan,%20G.B.%22
http://www.osti.gov/scitech/search/author:%22Boville,%20B.A.%22
http://www.osti.gov/scitech/search/author:%22Boville,%20B.A.%22
http://www.osti.gov/scitech/search/author:%22Briegleb,%20B.P.%22

1R\ w391 2 30 & po (5 5lw kel il o Sg, )l (b))

Issue. Tellus, Series A: Dynamic Meteorology
and Oceanography 55(4): 257-300.

the American Meteorological Society 88(9):
1395-14009.

22. Modirian, R., Babaeian, I., Karimian, M., 2010. 25. Tiedtke, M. 1989. A Comprehensive Mass Flux

Configuretion the RegCM model to simulate the
temperature and precipitation in autumn in
Khorasan region from 1991 to 2000. Physical
Geography Research Quarterly 70: 107-120.

23. Mofidi, A., Kamali, S., Zarrin, A., 2013.
Evaluation of the RegCM4 model coupled with
Dust module on identification of dust storm
features over the Sistan region. Quarterly of
Geography (Regional Planning) 3: 51-70.

24. Pal, J. S., Giorgi, F., Bi, X., Elguindi, N.,
Solmon, F., Rauscher, S. A., Gao, X., Francisco,
R., Zakey, A., Winter, J., Ashfaq, M., Syed, F.
S., Sloan, L. C., Bell, J. L., Diffenbaugh, N. S,
Karmacharya, J., Konaré, A., Martinez, D., da
Rocha, R. P., Steiner, A. L., 2007. Regional
Climate Modeling for the Developing World:
The ICTP RegCM3 and RegCNET.” Bulletin of

Scheme for Cumulus Parameterization in Large-
Scale Models. Mon. Weather Rev. 117(8):
1179-1800.

26. Wang, Y., Zhou, L., Hamilton, K., 2007. Effect

of Convective Entrainment/Detrainment on the
Simulation of the Tropical Precipitation Diurnal
Cycle. Monthly Weather Review 135(2): 567—
85.

27. Wilks, D. S., 2011. Statistical Methods in the

Atmospheric Sciences. Academic Press is an
imprint of Elsevier. San Diego, USA. 704p.

28. Yaghoubi, F. and A.R. Bahremand. 2011.

Streamflow  Simulation  using  Spatially
Distributed Hydrologic Model, WetSpa in
Chehel-Chai Watershed in Golestan Province.
Journal of Water and Soil Conservation, Vol.
18(3): 185-205.



WA 3l o319 6 jloud epary Jw (sl pibamnmnST (oo (g sole aloxo VoA

Evaluate the efficiency of different convective parameterization
methods for estimating seasonal and annual precipitation in North
East of Iran in climate model (RegCM)
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Abstract

Convection as a short-term and long-term atmospheric processes that affect the climate and weather
system, has been much studied. In this study, different types of parameterizing convection in
precipitation field will be assessed in fourth version of the dynamic model of regional climate
(RegCM4). The simulations are conducted for 2004 with 60*60 km grid spacing in mother domain, then
the North East region of Iran was nested in mother domain with 20*20 km grid spacing. RegCM4 was
run four times, keeping all the components of the model and the initial and boundary conditions the
same, by each time coupling one the convection schemes (Kou, Grell Arakawa-Schubert, Grell Fritch-
Chappell, Emanuel) with the model, then the results were nested. After running the model, results were
compared with Aphrodite precipitation data and the statistical criteria, including Root Mean Square
Error, Bias, Correlation, Mean Absolut Error and Differences in annual and seasonal observed and
simulated precipitation were calculated. According to statistical criteria, the best scheme for this area is
Grell Arakawa-Schubert scheme.

Keywords: Convection scheme, Dynamic climate modeling, Nesting, Precipitation, Regional climate
model.
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