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Simulation of Regional Climate
Models : Dependency on Boundary
Forcing of GCM

Jin-Young Kim

The Department of Environmental Atmospheric Sciences,
The Graduate school

Pukyong National University

Abstract

Two continuous 10-year-long simulation over Eastern Asia,
one for past-day climate and one for future climate are
completed with regional climate models (RCMs). RCMs are the
Fifth-Generation PSU/NCAR Mesoscale Modeling (MM5) and the
Third-Generation Regional Climate Model (RegCM3) nested, in a

one-way mode, within the future projection by a general



circulation model (GCM). The main goal of this study is to
figure out the dependency in the future regional climate projected
by different RCMs based on the same global projection on future
climate by GCM under IPCC SRES A2 scenario. The model
domain approximately encompasses the regions 23 °N - 51 °N,
101 °E - 150 °E with a grid point spacing of 27 km using
Lambert conformal projection. The terrain height and landuse
data are generated from a global data set produced by the
United States Geographical Survey (USGS) at 5 minute
resolution. The initial and lateral boundary conditions necessary
to run the RCMs were obtained from the ECHAM4/HOPE-G A2
scenario data of the Special Report on Emission Scenarios
(SRES), which is available at 4-h interval with a resolution of
T30L19.

The important results from this study are (1) two RCMs
reproduced similar change of surface air temperature at the point
of approximate pattern because of forcing in the same lateral

boundary condition (2) the regional warming in the range of 4 -



8 °C is simulated, greater in winter than in summer and
increasing toward high latitudes at the both models. Although
the simulation period is short, the information supplied by the

RCMs depend on the boundary condition of the GCM.



1. A&

A g# FR 715 (Leung et al 2003; Curry and Lynch
2002; Liston and Pielke 2001)¢} 7]17¢& A (Warner et al, 1997;
Pielke 2002)9] &4 Eo "ol A9 ZdF9 oo FH
10 Eekell w53 FdiHde. v =3 71 A+ AlE (The
National Center for Atmospheric Research, NCAR)¢ & A}
A4 AlE (The Central Research Institute of Electric Power
Industry, CRIEPD)7} 715 W3} Aol o] &3t7] A oo}
Aol tig A97]F RS dstaz FHYstel o
(Hirakuchi et al, 1995). ZL2]al w] =9 Aonju A 7|5 K9
(Intercomparison Regional Climate Simulation, PIRCS, Takle et

al, 1999); frHel AAQVIF= oldista oHE Fo

rr

gy
(Modeling European Regional Climate, Understanding and
Reducing Errors, MERCURE, Marchenhaur et al, 1998); —1¢ il
ol Alole] Agrd AT Hn ZFAE  (Regional Model
Intercomparison Project, ©]dt RMIP, Fu et al, 1993)¢ 22 A A

23 A/ FRAL ol gaks 45 M ZeAEEe] 9 ol



sk
3], @4 2+ 5% A9 75 mdg HGrista G477
A A opalop Aol P A 7]F Ao Fo v ZRAE

¢l RMIP2 107H=1(& 5, T=, 4%, 93, "=, Ak, o|ego}

T, 5 a8l HAlohe dF IS TASE FYHI e
R ZRAEOT (Fu et al, 2005). ol¥ =85S x99 713

Sl
i)

g 7=, 5 dAd 99 d&El nedE AHVIFEd
(Regional Climate Models, ©]3 RCMs)o] ©HFaF R o] A = %]+
<=3+ 29 (General Circulation Model, ©]3F GCM) ¢to 2 %47
Aksb k= 7l ANEel A AR AT (Giorgi, 1990). L¥]aL o] 7]
=g o)fete AQUIFRIAES Az Y& FEHES WBE
ofHtt (IPCC, 2001). wetA RCMs9 Eeo Ay= GCMY E9
A AAF BAOENEH e AR AL EER
e 89 ofd biasEeo] A7 FE RkE £ ot}

@ Fu et al (20052 A9 7|5 =d &Fd5 3 352 7]
b oAl AL 21A17] 71§ WE Algg e Alee HER I a5
< AF A4 RCMs (RIEMS, DARLAM, CCAM, JSM_BAIM,

RegCM, RegCM2a, RegCM2b, ALT. MM5/LSM, SNU RCM)9]
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2. 1. 1. MM5

2 dAgts dAdWol Yol FHOE Y wa oy A AlH oA
% 7023 Fifth - Generation NCAR/Penn State Mesoscale

Model (°]dF MM5) WA 355 o] &3tAtt (Grell et al, 1995).

MM5E @A MAde e 2ed 54¢ Tgets w4l 3
FE oo RER, g ¢el H@sel vyl may Popd

WA =, FA 714 dBd A A 7§ Rde oj2x W WY
o) A o] &% 9t} (Mass and Kuo, 1998; Lynch et al, 2003). ~L
2] 32 Chen¥} Dudhia (200la)v= #*/3# - v 59 (land surface -
hydrology model)¢] A3 o=z o] el FFAAAT o] AL A
d Refet ] RejolA AxAAHol Tasty] wEel A9 7]F
Aol o] gst7] A Fastt. o] 2% EES AiE oYX
Aok AAF AdE FHAAG (Chen and Dudhia 2001b).

2do] o]8¥ 27 H}AHL Grell L& WF 253 (Grell et al



1994), =7] d X (MRF) 34 4745 A4 (Hong and Pan 1996),
2] 3l Reisner® ®WAA 5 "AE8 253 (Reisner et al
1998)2 x &3ttt EA 4 249 (Rapid Radiation Transform
Model, ©]3t RRTM; Mlawer et al. 1997)& # v} EALS A Aks}7]
YA A= Delta - Eddington <A} (Briegleb, 1992)& <
Tl B FEALE AtE e ol & H AT 2y AP eI
(linear relaxation scheme, Davies, 1983)c] =W A o FoA &
|94 BA e 5 AAH F BA A AANAM Al #E}

REYA
R4 [6]

Ag e wgt FrleteE HE=S F

2
>

dg Aoz AgAY. o

i)

2o AA A oA biasES FAEAT 7] Hal A o] g

At (Davies, 1976, 1983).

2. 1. 2 RegCM3

Dickinson et al.(1989), Giorgi®} Bates (1989), 2] 22 Giorgi (1990)
os AEE v =y A5 Al Third - Generation Regional
Climate Model (°]3} RegCM3; Giorgi et al, 1993a, b)< 2 MM4el
71 Z3ke] FAEAJT (Anthes et al, 1987). MM4+= 7] WA 2, o

A7 HE, FHHF AN FIL ol A4 AF AT A

_I

|
©
1



Edolty, A= MM52 AAe My dd= o]0 Avrt 7
FT Ao HELE YA, RegCM3E thofst &g B43st7 1 2
g o A2gEdrt. & Rd2 HA AE =9 37 (Biosphere -
Atmosphere Transfer Scheme package, ©|3} BATS; Dickinson et
al, 1993), 1211 WA X PAAAZF &2 (Holtslag et al, 1990),
A 7] BAF A4 7 (Briegleb, 1992)& 39t}

BATS® 65 %,

e
N
)
H
¥
M
o
N
=5
E Lo
=2
N
=
>,
=
i
i
2

doAgetes ES s AAY 9% A
U EYSH 1-m ol AAAe d4Hdd sy &g =
7<=, snow-pack &2 ¥} melting, water interception L]l o3}
AqM AER AstEe A 59 S Aitste] Addo. G4 4
AZe A7 442 Holtslag et al (1990)2] H] A A9 F 23} &
3] CO, O3 H20, O, 183 #5759 &3%E 1dst+= NCAR CCM
(CCM3)9] mdl EAL =% 715 Tt AW En. 54 =% o
Aol A ol fHE FEE A9 AU 9 FFEA ALEH.

(Giorgi et al, 1993a).
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A9 715 ARE 27 HlM AFSE =712 2 AA AsRs
549 wxa Z93 714974 (Max Planck institute, ©] st MPI) 9]
7] - g HFg =D (Atmosphere - Ocean General Circulation
Model, AOGCM)%l ECHAM4/ HOPE - G (°¢]sl, ECHO)E 7174
T Aol A =dste] Agt® A golnt (dekrlEH, 2003). ECHO=
7] et 229 ECHAMA4SE s oF=d¢l HOPE-Go A =4
ojt}, w7l =9l ECHAM4E= ¥ <7 ox A¥ (European
Centre for Medium-Range Weather Forecast, ECMWEF)2] o &
ndS v owg =9 Hamburg MPIOA 7]F W3 wojo] A3t
=2 $£4 - /Y (Roeckner et al, 1996)3 Rdl=z AT
T30L19e]t};, 3 sl %+ ¢ 300 km AEolx d4 i+
hybrid sigma — pressure (Simmons and Burridge, 1981)5 A}-& 3}
™, A FolM 10 hPa7tb# Aoz 197 Fo=2 YirojA . 3
X P HOPE-GE #WERS Edsta dom Y Es
T421.20°] o},

71 ¥ 542 98l ECHOE S8 Aitdol At8d Aaes wi=
A Qo wE IPCC EY H 1Al (Special Report on Emission

_11_



Scenarios, SRES)¢] A2 Aluyg] o]t} (Table 1). SRES W% A4

gl ool whete]l W] T 21009 oAkt E A T 540 - 970

I~

ppm (1750 ¢] &%= 280 ppmoll H]&de] 90 - 250 %)o] =&k A
o2 A%stdo IPCC, 2001). A2 Ayl e+ & Ayl e 3
Aol 71% W3t mdS ol &g my JF 5SS T ATl
ol AMEH I & Ay L olth Figure 12 GofAlo} A o of A
21008 7h#] FEld 2= F7HE RYS oty IPCC SRES A2 =2
b S AU s A AT AN HF drAks el 375 °7HA,
%= Gaussian AAF FAOE 96 (A1) x 48 (FE)E FAH 9
o A9 F 1% oS $8 RCMse %27 2 AA Az=2 2d A
Aol wrA 9 - AERRE ¥4 o2 bi-linearly (Accadia et
al, 2003) WAralal 4A17F A o2 wjdnitt %7) 35 5te] AFggkt)
gl YA A5 9 dAdEE Rl yidAom 747 F
A, daE HEFoR 27 kmeolH, dA o2 AW o R 4 9
EY 2y 2As 283 1000 hPa Wl Al 50 hPazbA 9] 18 71 <] o
Z|Zo2 FAHY e 9 vgd (u/v-wind, m/s), <%=%

% (specific humidity, kg/kg), 1L=%

rlr

(temperature, K),

(geopotential height, m), 3™ 7] ¢ (sea-level pressure, Pa), 3l
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M =% (sea surface temperature, K) 55 AFg 3k}

Temperature Change of IPCC A2 Scenario

Temperature change

1860 1880 1900 1920 1940 1960 1980 2000 2020 2040 2060 2080 2100

Figure 1. Temporal evolution of surface air temperature change in
FEast Asia relative to the period (1961 to 1990) in the

IPCC A2 simulation. Units are degree Celsius.
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Table 1. The Emissions Scenarios on IPCC Special Report on Emission
Scenarios, SRES (IPCC, 2001)
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zZH gdEn. ol AL w=el oy Ag FAFY (U.S. Geological
Survey, USGS)oll A A 23k A A3 58 1+49 A 22 (Row et

al, 1995)9) T3h% ebis] Welch Qo FolAel Aofe] ma

& AFe sy AdAE BAPE AT wde 53
Hrol dwe AYARS AR SRR} BEAolvh el ¥
obAlol Aele) Bgg AdHel APEI] nrek o] =gl W

s, ol 714 % 7

|

_

T 24E WA= 29 Hu

7] R =

=)
oM,
)

BN
o
filo

A= WS Giorgi®t Bates (1989) ¢}

ol vigr, 2%, 57, AX 7Y, 283 dFH 25 ge A
ol e =9 AA 2712 ECHAM4/HOPE-G ZA3}2XFEH Wit

At 18] Anthes et al (1987)o 93] AW %3 Giorgi et al
(1993b)ell 4 ¢3t¥ (relaxation method)¥ W aste] HPA=
A3 AT} 4-h 77 e] ECHAMA/HOPE-G A2 Ave e 282 o] 43
of A7 A& Yt AeA As5E & @ A2 RCMsl z=7]3}
Ao, 2dH AA A28 N7 F o2 gde9

2d 38 7|7k ECHOY 2409 (1860w ~ 2100W) X9 A5 5
oA @AA 71l ek 1991 ~ 20000 (e]sf, 1990 d)) 1 )

715l W@ 2001d ~ 2100 (o] sk, 20000 dw]) 7k = sgiTh. o1 7]
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Table 2. Summary of the model configuration and experiments design

used in this study

Lambert Conformal
27 km
105 x 125
18 layers (model top: 50 hPa)
Grell
Mixed-Phase (Reisner)
USGS (Global 5 minutes)

ECHAM4/HOPE-G A2 Scenario

75s
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Figure 2. Model domain and representation of East Asia

topography. (125 x 105 grid points, 27 km mesh).
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kel
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(a) 1991-01-01-04 UTC (MM5) (b) 1991-01-01-04 UTC (RegCM3)

TOME 3 2 - e I

_(c) 1991-01-01-04 UTC (MMD5)

Figure 3. Horizontal distributions of the surface air temperature
simulated by (a) MM5; (b) RegCM3 at 04 UTC 1 January;
(c) MM5; (d) RegCM3 at 04 UTC 1 July in 1991. Units are

degree Celsius, and shaded color interval 2 °C.
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=& HAu12ERE A4 d HAVLs AAEERE As §

el RegCM32 FHaL7] =3k FHA 7|20 Alzbel a4 gho]7]

woll MM59 RegCM3 =] Apofo] 2=Zpol7h T, o of 7] A4
RegCMe] Ha = HA =9 Aitatge] o 4 glo]
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0+ —*—hMMB e RegCh

Surface Air Temperatur

Surface Air Temperatur

2091 2092 2093 2094 2095 2096 2097 2098 2099 2100
Month
Figure 4. Area - averaged monthly surface air temperature for the

MMS5 (solid line) and RegCM3 (dotted line) in the (a) 1991
to 2000 and (b) 2091 to 2100 over the East Asia. Units are

degrees Celsius.
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3. 2. MMb5¢% RegCM39 =l 7]F ¥ 3}

Figure 5a - bb, Figure 6a - 6d, 1@ i Figure 7a - 7d&
MM5%2F RegCMell ¢l & AJabel 2090 o) o] 9k 1990 o) =9 <]

A3 Aol g@ AR/ e A2 47w dwad, oFw A

(a) MM5 1990s-2090s

) RegCM3 1980s-2090s
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WE IHE MIE 126 I1ZE 160 1R8E WX S 13 MK

3

E B % ¥

WIE IME  IE 1206 12E 1366 1BE WE 135 1M i

Figure 5. Regional climate warming in the (a) MMD5; (b) RegCM3. Units

are degree Celsius, and shaded color interval 0.5 °C.
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x
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E 2 (Schlesinger and

Mitchell, 1987)¢] %ol = t}.

A

Figure 6. Surface air temperature change for MM5 run in all
season. (a) Winter (DJF); (b) Spring (MAM); (¢) Summer
(JJA); (d) Autumn (SOC). Units are degree Celsius, and

shaded color interval 0.5 °C
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A i CHET )

Figure 7. Surface air temperature change for RegCM3 run in all
season. (a) Winter (DJF); (b) Spring (MAM); (¢) Summer
(JJA); (d) Autumn (SOC). Units are degree Celsius, and

shaded color interval 0.5 °C.
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. (a) Monthly Temperature Change

—+—MME - FecCM3

. (b) Winter (c) Spring

Figure 8. Area - averaged temperature change simulated by the MMb5
(solid line) and RegCM3 (dotted line) over the East Asia. (a)
monthly; (b) Winter; (¢) Spring; (d) Summer; and (e) Autumn

temperature change. Units are degrees Celsius.
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Table 3. Surface air temperature results taken from the 10-year seasonal
mean field over East Asia for the present-day and the future
simulations in winter (DJF), spring (MAM), summer (JJA),

autumn (SON), and winter. The standard deviation represent

spatial variation over the seasonal mean field. The Correlation
shows the similarity between MM5 and RegCM3. Units are
degrees Celsius
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