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Abstract Two 44-year numerical simulations in East Asia by the regional climate model RegCM4. 0 using its land-surface
schemes, CLLM3. 5 and BATSle were conducted to investigate the effects of land-surface process parameterization schemes in a
regional climate model on the regional climatic simulation. The two simulations were named as R-BATS and R-CLLM, corre-
sponding to CLLM3. 5 and BATSle, respectively. The results revealed that the simulated surface air temperature from R-CLM
was 3.6C higher in average, with its decreased root mean square error for 44 % compared to that of R-BATS and higher differ-
ences appeared in South and Northwest China;the simulated precipitation by R-CLM was 0. 17 mm/d less, with its root mean
square error decreased for 6. 9% and higher differences appeared in South and Northeast China;and the simulated 10 em soil
moisture by R-CLM was 0. 008 m®/m® wetter and higher differences appeared in the regions of the middle and high latitudes.
Further analysis revealed that less evapotranspiration and runoff simulated by R-CLM induced its higher soil moisture in the re-
gions of middle and high latitudes, suggesting that further improvement in runoff generation mechanism overthere is needed.
More absorbed solar flux and weaker latent flux also induced the higher surface air temperature in R-CLLM. Besides, weaker e-
vapotranspiration and higher surface temperatures also induced changes in the general circulation, causing weaker water vapor
transport in vertical and horizontal directions and less atmospheric precipitable water. As a result, less precipitation was simu-
lated in most areas including South and Northeast China, which further affected the surface air temperature in some extent ow-
ing to more solar flux into land surface.

Key words RegCM4, Land surface process, Climate simulation, Analysis of sensibility
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Fig.2 Multi-year mean precipitation (mm/d) and 2 m air temperature ( C) as simulated and observed
(a) simulated precipitation by R-CLM;(b) simulated precipitation by R-BATS; (¢) precipitation based on the
CRU data; (d) precipitation from station observation; (e) simulated air temperature by R-CLLM; ({) simulated air
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1316

B K R RS 2 A D I B RRR A A . (R v
AR B b DX LA A S UL DX PN AL A A 4L R K 38 2
WL 22, Forp s DL T L R R Pk S b X
2 e B, SRRk 2 2 mm/d DA E. RS
[F] 68 7K 7 8 1 SR P 00 S s AL A UK A o 22
Sk BEARIAE 1) Emanual FEK T 26 K (EER
£ ,2008; Im, et al, 2008; Liu, et al,2008); R &
Emanuel J5 %8 SRR % K w2, 75 20 18 3% 76
2R 2 I PN BREABL 11 sk B K AT R AT AE — e FE 1Y
/b 3% 5 RegCM A0 RUBE KA 8h (an 5 2=
O SE M5 3055 i 2 BORS B 9 4 AR A OG L TR &2
FOHE A i b P RUBE R 5 5 A 3K ) AR B 2R AL X
K 7K #5300 /b (Zhong, 2006) , R-CLM 5 R-BATS
S5 AR FF B R K J7 T 22 5 E 2R E S R-CLM
{14 B 7K A X i 2> & 4 v B IXOF- 25 i 20 £90. 17 mm/d,
Hopr D EPEI X B 5 S T2 P TR X 2
SRR .29 0.4 mm/d. T 7E P E AR 2R KX
Ho 22 FAHA /N FEASE 0.2 mm/d A1
AR T (Bl 2e.f.g.h) . R-CLM ) Z 4
SR A 5 CRU BERR G Sl 000 58k 57y 452
.5 R-BATS 45 3% 1% 5 5 . A S0 24 1F 15
A RegCM 2 51 458 2 11 3R 48 8 M 25 (R i Ik 55
2007 ; 3k 4 1 45, 2005, 2007) , 3 H . R-CLM £ 48 1

m’/m?

1 - s i - Mo.46

50° N [

0.38
40

30

20

| , , , , . , | , . m?/m?

5001\.; © - - Ao

0.38
40
0.30

30 0.22

0.14
20

0.06

K2 2012,7006)

Acta Meteorologica Sinica

1 b SR B E R X B R B O S B L, i AR
RegCMA4. 0 % b & I 14 A5 400 A 458 R B 11 o 38
Horp  R-CLM X B EE | o g 2 8 S5 IR 26 B b X 1 <
R B .5 R-BATS fHEL & 3 CLL L i 7E
Hh i 26 B i DX 4 5 S 2 S A AN, A rp [ KO
Y% 3.6C .,

R-CLM #E 48l \R-BATS £ 500 A1 65 36 WL 1) 22 4F
P-4 10 em HHEREELS R UL 3. H FOUIN R
] B ) - 9830 B2 43 A >R FH 19932001 4FF- 2411y
5 HAEZ KA R-CLM 19 10 em )2 1 5805 i
JEON T VCEL BATS 1 543 )2, JEAT 18] B 10 2 1 4
HIGHZE 5, AT LA 1 R-CLM B K K401 J K B AH
X B8 /0N o AF H AR 400 1) 3% )2 - S B AR UL IX P A
R-BATS 25 57 B8 X b J7 B 43 1 IX A7 e B S 11
i i s #E 4 B KO3 K 250, 008 m® /m®, Horf D)
Hh ] 2R I DX S v i R DX e AR B B . E
AW A P R-CLM (1 48 X i 22 °F- 33 Ltk R-
BATS ¥jin 18% . 534, R-CLM Hi il i1y + HE 1@ i
(14 7 A6 B 43 A R B 8, 5 SRR A 3l O 9% R
BRI ZES.

B K R AR5 R 2 I A& T2
SULE 4, i da.d iR, EREKKZHE F LR
CLM% K 8 R-BATSAE1 mm/d L | . AL TE 75 9% &

m?/m?

) =~ - Ao

50°N- [

0.38
40 -

20

T : T T T } T T
80 90 100 110 120 130°E

B3 LA £ 4
34 10 em A HEVE E
(a. R-CLM $ifl,
b. R-BATS 4L, c. & i)
Fig.3 Multi-year mean 10 cm soil moisture

as simulated and observed
(a. by R-CLM, b. by R-BATS,

and c. by station observation)



48 4 RegCMA Hp i AT i 72 2 B4k J5 58 %0 AR 0. IX 358 A ABE 400 B 22 1)

mm/d

130°E

I
80 90 100 110 120

130°E

80 90 100 110 120

1317

3
3
<

Who ol A

SO OO O ==

T T@o0.24
. 0.20
[Ho.16
- _tHo.12
[E0.08
LHo0.04
L0
FH —0.04
H -0.08
FEH-0.12
[ -0.16
—-0.20
(¥ -0.24

80 90 100 110 120

K4 R-CLM 5 R-BATS fF#K 3l &% 10 em 1388 8 22 5 (R-CLM ~ R-BATS)
(a. HERKESR, b HEURES, o HELWREES,
d. &ZFEREKES. e XFARES, L X LHREET)
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Table 2 The statistical characteristic of the precipitation in the subareas

e S MREE  WEE@o/D BRI E (mm/d)
R-CLM R-BATS R-CLM R-BATS R-OBS R-CLM R-BATS
Er 0.64 0.62 4.18 4.37 3.90 3.82 4.03
VL 0.60 0.62 2.69 2.83 2.80 2.56 2.56
4t 0. 64 0. 66 2.17 2.25 2.23 2.01 2.06
(|4 0.29 0.24 0.42 0.49 0.28 0. 64 0.76
ARt 0.73 0.75 1.73 2.00 1.80 1.63 1.85
4 [ 0. 64 0. 64 2.36 2.60 2.02 2.33 2.49

3 K XHEREGE R

Table 3 The statistical characteristic of the surface temperature in the subareas

KB MRAS WRMERECC) L PTREZECC)
R-CLM  R-BATS  RCLM  RBATS  R-OBS RCLM  R-BATS

£ 0.97 0.97 6. 02 6.90 5.91 2.24 4.96
YL 0.98 0.99 8.64 9.68 8.25 2.34 4.41
4 0.99 0.99 10.78 11.16 10.79 2.12 2.97
[LE[ 0.98 0.97 10. 46 9.54 12.05 4.06 6.42
L 0.98 0.99 12. 20 12.91 13.76 3.12 2.41

4 0.97 0.98 9.07 9.71 10. 00 3.93 5. 66

3.1.2 WA= DX R-BATS #4002 0L 7 45 i 5 XN W] A2 i

P 6 J2 45 L B X P [ K 5 3R il 12 D H
2P P I E R 81 X KT (] 6avcie gii) s
PR R AD 25 SR A B AR B L VLI LA AP 1 L X X A AN TR
FEEE B9 22 . 9F H . R-CLM Ay [ /K 76 4% X I8 9 45 1
R-BATS Fif {1 . T 3 55 458 400 3 7K 19 =5 [ 23 A1 — 2L
WM TT 1 (& 6b d fL h D) L BRAR AL S i 45 ik 7R

i, 1 R-CLM 55 000 5 4z 3 . v, 2 A2 g L L
WL X, R-CLM (190 848 ol 38 B K (B 5 58 B
WEIAEAE 1—2 C AR i 25 1 R-BATS 55 508 ] ff 22
4 C A s AR S BE B A2 db  PE b L IX, R-
CLM FE L) A 55 52 B W8 i) 3 A — 350, e 90 1 3
RS PEfE . T R-BATS WIAFAE 2—4 C % I 2 .
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Fig.6 12-month moving average precipitation (mm/d) and 2 m surface air temperature ('C) in the divided areas
((a) precipitation in South China, (b) surface air temperature in South China,
(c) precipitation in the Yangtze and Haihe area, (d) surface air temperature in the Yangtze and Haihe area,
(e) precipitation in North China, (f) surface air temperature in North China,
(g) precipitation in Northwest China, (h) surface air temperature in Northwest China,

(i) precipitation in Northeast China and (j) surface air temperature in Northeast China)
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Fig. 7 Monthly averaged 10 cm surface soil moisture in the divided areas

((a) the Yangtze and Huaihe River area, and (b) Northeast China)
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DLE AR S5 R 5 CRU Bk 43 A B B AR —
P EVLMEM X IR 2R B I BEK 2 20
BT E AR AR AL 43 i X R KR A 0
B, AR 2 SRR HE  R-CLM. B 307 o 7 7
AT Hh DX R K 11 22 fa 3t R-BATS B 5 R IL
BUr 2RI, 2SR 5 1 (B 8e—h), ML
TERL Y 2 P 4G K ST A B B R 1 T R K
5 LI GEE AR LU o 9 2 b A0 A B AL 45 SR 24 R AR A
HH 3K — M R 22 5, B IXC P 2 A A AR
AR PRI AN [ o T R 5 8 1 2 B 0 T X
RER by kS IR TR 1
3.2 HESHEAAFENREBSEEBZME

b Tk AR K R AR 10 em £

SR Y R 2 R B K T - R-CLM X [ 7K B
St (AT ALUAE X i 20, I s B R AR AL X P 3 R 2D
11 4 Z A v [ B 5 55 Hi B 400 22 5 b 26 SR T
R-CLM 25 5484 i i - HL 5T 422 300 52 00 9% ), A6 B 28
O3 KA Ge i B R T R-BATS 255 %£)210 em
I Uy T, R-CLM 25 A5 0L B 8 s 85 » HL A 22 0
PR R T R 5 S BRI 22 8K

B X N B B R, R 5 il T L X
T v ] D35 PN 1 2SS 400 25 SR 1 e K L 2R T b R AR T
SEBG KGR 2 22, WK 5 PR, o E X0
A1 F - R-CLM B BE K SR A 4T R-BATS
5B WAR 0. 22 mm/d 247 AHZEHS M 3R AR i 1 25
S K FREIK 22 5, 43 R AR 0. 52 F10. 34 mm/d A
Ao A5 il 2 K A R AE X R . AR PR IT S R-BATS
e [ XN 2 AR S B0 Bk K A R AR R
0.17mm/d, FEA 5K i P, i R-CLMZS 5L AH )

4 AKX R [ P 21 R K 5 2 AR 1 e A A B
Table 4 The linear slope of the precipitation and surface temperature in the subareas and China
- R BERE
R-CLM R-BATS OBS R-CLM R-BATS OBS
LR 3.43x10°8 3.31x10°3 1.08x10°3 2.23X10°3 2.79%x10°3 1.75x10°°
VLI 1.31x10°3 1.04%x10°3 2.4X10°¢ 1.46Xx10°3 2.26%x10°° 2.60%x10°2
(<54 4,31X10°6 —-1.64Xx10°* —-5.15x10°¢ 2.57X10°8 2.85%x10°° 3.95%X10°%
(it e -5.14x10°7 -3.42Xx10°6 1.23x10°* 2.82%X10°3 1.91x10°3 3.65%X10°2
Rt 4,14x10°6 1.88x10°* 1.84%x10°* 2.08%X10°3 2.11x10°3 5.47x10°°
4 E 6.81x10°¢ 6.40x 104 3.48%X10°¢ 1.97x10°3 2.24%x10°° 3.51%x10°%
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Fig.8 Linear slopes of the 40-year surface air temperature and precipitation as simulated and observed

((a) simulated precipitation by R-CLLM; (b) simulated precipitation by R-BATS;

(c) precipitation based on the CRU data; (d) precipitation by station observation;

(e) simulated air temperature by R-CLM; (f) simulated air temperature by R-BATS;

(g) air temperature based on the CRU data; and (h) air temperature by station observation)
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R-BATS [ Hi/K i 5384 0. 64 mm/d 24, L2
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WomeH R H . ERE R VLS P S S X
X—mMBESENE D, X T E X8
10 em+ R, R-CLM MIXHR K 3. 63% &£ 45 .

F 5 MR b DR T K P8 R B 2 28 (R-CLM ~ R-BATS)
Table 5 The differences of the elements of the land-surface water cycle in the subareas and China (R-CLM — R-BATS)

X B FEK AP ZEHAE B AR Il b 7K At 2 A8 Ak 10 em - He9g
(mm/d) (mm/d) (mm/d) (AP - AE - AR) (mm/d) AS. (%)
AT -0.23 -1.08 -0.62 1. 47 -2.11
TLHUE -0.09 -0.41 -0.44 0.76 2.22
1t -0.20 -0.62 -0.34 0.76 4.31
(e[ -0.12 -0.14 -0.05 0.07 4.74
A4t -0.30 -0.38 -0.44 0.52 3.98
i -0.22 -0.52 -0.34 0.64 3.63

RTFHFROBULT R K 6 il 7 E K&
S TRY [X Ry SR T L A TR M e 3 MR A ) K B
MR Z 2. Wk 6 iR R-CLM 40 1 ¥ $A 4t
A 0 A A1+ v [ SF 249 i AR 29 14, 47 W/ m® T Jg B4
i AU 5 5. 85 W/m?® Ze Ay . I ELTE Rl 2 M e i oK

FH 48 45 4 7 1T - R-CLML 25 7 42 b [ o7 Bl A 2
0.12 W/m?® f355 i) fis 5 » P T 20 R-CLM #5400
Wil 59 W WA A B 68 5 O A LA T A JE 50 R 1% 3 =2
RAJZ o T2 A7 A 3 35 A0 Y 2 3 2 o PR R 3

=]
7] o

6 i E N H MR X N & BRI IR 2R Z 22 (R-CLM — R-BATS)
Table 6 The differences of the elements of the energy cycle in the subareas and China (R-CLM — R-BATS)

X5k JEHGE FE AHs(W/m?) WHGE R AHL(W/m?) i 72 W SOK B 48 55 AFsa (W/m?)
R 8.92 -28.77 -6.92
TLIE 3.17 -11.77 -2.76
At 2.28 -17.13 —4.62
(] 6.69 - 4.08 12. 80
A 6.63 -10.98 1.19
el 5. 85 - 14.47 0.12
H F TR, R-CLM 45 R 3 732 CLM3. 5 f& #l W, XF BEUXNIEHERBENKX AN R-

(9 2 R 7 U AL A 552 s A AEL 118 28 HIC R Tk HROAH X g
55, MR B . MR RABE T 2 R o ik —
M A B Ui R 7K VR 2% & 32 T 52 0 7K A AR AL

K 9 & R-CLM 5 R-BATS W41 45 4 H W
(1) 850 5 500 hPa & B 1 X7 . il % 518 E %
125 5 (R-CLM — R-BATS), n#f ¢ fr 48 i, R-
CLM #2480 4t 22 I A8 R-BATS 45 5L B &l g =5
HH LT mEESURRTESE. HIPHW
RN 2, T 1) AR 25 S A 5 b T R 2 SR
F— 3, FLFA A (= BE A 3G I, i ARS8 1) AR B 22
Mk N, WK 9b.e h k fif R, H Z,850 hPa
B R-CLM >k F b IfT A 82 i 25 52 0 A7) 8 4 5
HEEADL DX AR 40 52 IR i ) O W 25 SR o ANCHE T [ 2R
HiIX 2% S8/, b FFHZE 500 hPa & 3 2 )5, % [ Hu i
) 1 Al 22 52 i JL T 5 2%, R-CLM. 45 3% 52 3090535 1)

CLM 25 850 hPa m 23 1 CLL LM 2 5.
ifif H 1 % 500 hPa & B, X F iz 22 AT SR FEAE

P 2L 130 1 IR 3 AL 5 AT R R N L R R
RZzS . K 9a.d.g.j frx. %, R-CLM £l
AR B 28 KA X R-BATS i 55 » P 25 452 48 45 21 1)
850 hPa 2% 5 K37 76 H [ 75 36 b [X L K v 2 5 K
it SR T A0 AR 22 AR G Ry K i A o 8 9 BEL A
Tk B PR P RO VR AR K PR ) R R
%% . 500 hPa 22 5 A7, 7€ = 2 B Hi X 52 74 XL
P 55 o 10 7E B R A8 AR LR B X 22 S K 5
850 hPafEA —F, (U 7E 25 7 K 7 Ml /. 42,
A 20 245 R 110 22 53 A3 DR B 8 0 B 2 s K XL 1
AR E ], 850 hPa & I 25 5 X7 5 p K 2
St | W TE R 1) K B, U6 B R-CLM 45 31 455 40 11
kBT T 28 SR T o R U s . [ g b X
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Fig.9 Difference of the wind(m/s), temperature ('C) and specific humidity (g/kg)
between R-CLM and R-BATS (R-CLM — R-BATS)

((a) summer wind difference in 850 hPa, (b) summer air temperature difference in 850 hPa,

(¢) summer specific humidity difference in 850 hPa, (d) summer wind difference in 500 hPa,

(e) summer air temperature difference in 500 hPa, (f) summer specific humidity difference in 500 hPa.,

(g) winter wind difference in 850 hPa, (h) winter air temperature difference in 850 hPa,

(i) winter specific humidity difference in 850 hPa, (j) winter wind difference in 500 hPa,

(k) winter air temperature difference in 500 hPa, and (1) winter specific humidity difference in 500 hPa)
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Fig. 10 Differences of the evapotranspiration and the
horizontal water vapor flux and its divergence between
R-CLM and R-BATS(unit of water vapor flux:
g/ (s » hPa » cm) ;unit of water vapor flux divergence:
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difference in summer (shaded; unit:mm/d) ;
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(shaded) ; and (c) horizontal water flux difference
(arrows) and its divergence (shaded) in summer
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