Journal of Water Resources Research 7K % ¥ERT 7T, 2013, 2, 294-300 Hans X
http://dx.doi.org/10.12677/jwrr.2013.25042  Published Online October 2013 (http://www.hanspub.org/journal/jwrr.html)

Application of Regional Climate Model-RegCM4 in
The Simulation of Precipitation and Temperature in
Hanjing Basin®

Yu Cheng, Hua Chen, Jiali Guo, Chongyu Xu

State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan
Email: chengyu199319@live.com

Received: Sep. 7™, 2013; revised: Oct. 22™, 2013; accepted: Oct. 25" 2013

Abstract: This work simulated climate factors in Hanjiang Basin by using dynamical downscaling method,
transforming large scale observed climate variables into station precipitation and temperature. A 10-year
(1991-2000) numerical integration simulation of climate over Hanjiang Basin was conducted with the latest
version of a regional climate model RegCM4 nested in one-way ERA40 Re-analysis data. The Grell, Anthes-
Kuo, MIT-Emanuel and Tiedtke cumulus convection parameterization schemes were applied in the running
of RegCM4 to test their capability in simulating precipitation and temperature of Hanjiang Basin. The results
demonstrated that RegCM4 was capable of well simulating the values and the changing trend of ground tem-
perature during a year. In most cases, the error between simulated mean monthly temperature and observa-
tion was within 2°C, but there existed systematic “cold bias”. However, the simulation accuracy of precipi-
tation is not as optimal as that of temperature. Different cumulus convection parameterization schemes dis-
played different capability in simulating annual precipitation. Among all 4 cumulus convection parameteri-
zation schemes, the MIT-Emanuel scheme had been proven to be the most accurate in simulating monthly
precipitation. The accuracy of the scheme also showed great difference in simulated station interpolation of
precipitation, which urges the improvement for the simulation capability of spatial distribution of precipita-
tion.
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Figure 1. Comparison of mean monthly precipitation between
observation and RegCM4 simulationover the Hanjiang Basin
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Table 1. Comparison of mean annual precipitation between observation and RegCM4 simulation in10 hydrological stations in Hanjiang

Basin

& 1 NIREFEK RegCM4 IR, < S FF T EELE

A IE
W35
S Emanuel RE(%) Kuo RE(%) Tiedtke RE(%) Grell RE(%)
91 737.5 878.1 19.1 575.6 -22.0 609.3 -17.4 859.0 16.5
e 804.0 961.6 19.6 402.9 -49.9 218.0 -72.9 7343 -8.7
G 737.5 928.3 25.9 685.5 -7.0 4232 -42.6 860.2 16.6
21 794.4 828.3 43 4443 —44.1 2472 —68.9 806.5 15
W& BH 680.2 474.1 -30.3 376.7 —44.6 130.1 -80.9 891.2 31.0
P 612.5 590.8 -3.5 463.9 243 224.7 -63.3 763.0 24.6
Fidp 797.5 942.1 18.1 453.9 —43.1 398.3 -50.1 839.1 52
K1 1188.8 1045.5 -12.1 571.7 —-51.4 228.0 -80.8 1381.6 16.2
7S 687.8 854.1 242 454.1 -34.0 369.7 —46.2 744.5 8.3
Bt 997.4 1027.2 3.0 691.3 -30.7 402.6 -59.6 1573.4 57.8
S 803.8 853.0 6.1 512.6 -36.2 325.1 -59.6 945.3 17.6
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Figure 2. Comparison of mean monthly temperature between
observation and RegCM4 simulationover the Hanjiang Basin
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Table 2. Comparison of standard deviation of annual precipitation between observation and RegCM4 simulation in10 hydrological stations in
Hanjiang Basin

% 2. IR RegCM4 HEAIFNSTINSh 2 S SR SEPRIK 5 E LU

bRty %
bilkr
S Emanuel RE(%) Kuo RE(%) Tiedtke RE(%) Grell RE(%)
K294 144.61 128.97 -10.8 114.33 -20.9 186.39 28.9 163.37 13.0
liset 143.59 185.61 293 87.18 -39.3 56.34 -60.8 152.56 6.2
W 160.61 122.25 -23.9 127.18 -20.8 86.10 —46.4 98.13 -38.9
&) 168.85 204.98 21.4 86.67 —48.7 75.43 -553 122.48 -27.5
% BH 118.97 63.59 —46.5 52.13 -56.2 23.87 -79.9 127.83 7.4
i 134.34 96.33 -28.3 109.16 -18.7 61.37 -543 186.68 39.0
i 137.60 122.51 -11.0 100.67 -26.8 146.27 6.3 185.02 345
K17 197.73 121.41 -38.6 141.12 -28.6 53.27 -73.1 291.94 47.6
e 106.64 86.75 -18.7 70.34 -34.0 91.23 -14.5 89.52 -16.1
B 216.16 135.06 -37.5 178.32 -17.5 123.66 -42.8 271.58 25.6
e 152.9 126.7 -17.1 106.7 -30.2 90.4 -40.9 168.9 10.5

Cs 1 HXS A F A 12 1 2R 05 FE A% 4028
N, TEERGMER) A 27, 5k KIS 4
3) ML P R0 R G, Kuo 77 -5 Sl
FoRBET, HURE Emanuel 77 %, R UIX L) RAEH
PLDUT Ak R 5 A2 LU 3, 6 TN X )
PR IR B BRUIR LS R B SO A . 4) B
Grell 7754h, HABTTZEMHEMERAL A 12 H)
ST E R R I R A, e A0 g
i, RegCM3 7 i £ 5 i [X A4 Z5 S IR AR AU i B 72 1
FEo M BB RS et m] LRA BB 3

# 3 J& RegCM4 i th 25 SRAG (H 2] 2 fE 4 10
AP IAR HAS pSRI SR ) b s . ARl
DA e 1) X &l s R U A (e AT b, w7
A1 1991~2000 X 10 FH-FHHRIEE Kuo J57 S A
Tiedtke 7 A 5 S ME w22 52 /)y» Emanuel 77 &
H Grell 77 ZE 4 23k 2 /K B SEMIE 43 1/ 0.8°C
A 1.3°Cs x5 LA RAF B PRI T SR TSI
B H P AR S S Y A AT & 2) (Rl
AL T G55 A [R) il o5 ) e (A 0L 45 TRAR 20K, B
RORBFI Kuo J7 25 Be/K B AEBh Rl 5 S0l A
A2 0.3°C, (HTEZ Bl 59 E AR 2 2.3°C; HiAth
B T7 S8 5 TR AN [F) 3 A (1 A0 A 5 S A 1 22 4 A
MZEREK o 3) 5T 22 RS PRS0, 5 P 0 5 2 5 512 )
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A R M 2003 4E 6 H~8 H, KP4y
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RN 20 km, FFEIRISEE 25 0] e i TR A B 1%
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Table 3. Comparison of mean annualtemperature between observation and RegCM4 simulation in the whole Hanjiang Basin

% 3. ULFE RegCM4 RIS S B EFHSKBER(C)

Hfl
bl
Sz Emanuel Difference Kuo Difference Tiedtke Difference Grell Difference
K295 15.85 13.08 2.8 13.55 -23 13.68 22 12.68 -3.2
[fiip=a 12.02 11.50 0.5 13.17 1.1 12.97 1.0 11.53 —-0.5
P 14.71 12.64 2.1 12.57 -2.1 13.60 -1.1 12.28 2.4
2 12.33 12.67 0.3 12.66 0.3 13.70 1.4 11.90 -0.4
& B4 13.71 14.16 0.5 14.25 0.5 15.20 1.5 12.53 -1.2
i 12.97 10.99 -2.0 11.13 -1.8 12.28 -0.7 10.36 -2.6
VEP s 14.75 13.48 -1.3 15.21 0.5 14.67 0.1 13.32 -1.4
KiT 17.02 16.38 —0.6 16.24 -0.8 17.56 0.5 16.10 -0.9
N7 13.86 12.11 -1.7 13.19 -0.7 13.16 -0.7 12.16 -1.7
B 16.53 16.42 —-0.1 16.88 0.3 17.80 1.3 15.79 -0.7
SFEIME 142 13.4 -0.8 139 -0.3 14.5 0.3 12.9 -1.3

BRI, W] A8 RAZ T SEAEAR IR S50 X S 54
PERARBERI AT MRS, F4h, X — 7 RAELME
R8P R A B I S A Ak SR ARY, X Tiedtke
7 G B AR AU ek SR 3 5 B 2 e (R

2) F LI b 3 P P ASEADL A R DU o B AL
LR B AR BT, RO 48 5 5
AR, T IR AL — 4 e 4 (A
PR 38t EE AR B B o DU AR 7 S0 IX -4
(1 H P8 R IR RN R AN A %, Bk
KAl At RegCM4 Bl R FE R . bR S S0 72
FAERGWZ, Kuo /7 ZEA Emanuel /7 ZX R E
IR AR L Grell 77 21 Tiedtke J5 %58 T M8 B #58
SEAE

3) AVUGREEF R ERA40 720 Mt skZRis
1) A ERAGO W3 RHE 2R 71l Xt 7745 — 52 ) 1ol A,
R KieuThiXin Z511%} Lk 7 NCEP. ERA40 Al
ECMWF = FhAN [F47] 46 25 A5 A0 2R B W I R 4
AR TAE IR A B, ] ERA4O MIRUREF, H
S X AN ] B R BT 2% A RIS RLIL 5 AR T
A LLR F FAR B 7E 20 BRI R AT Hh s, AR B A
RIS HTRE . R AR T R R R
DX 3 A B B e A R i B s UL RE 7, 2
RO 5 X I SRS RS B AR, 5 s
SRR NS R I R 2 MR EHERR R, A
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