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Abstract The applicability of surface meteorological elements such as surface air temperature, relative humidity, and
wind speed from the European Centre for Medium-Range Weather Forecasts (ECMWF), Japan Meteorological Agency
(JMA), and Global Forecast System (GFS) is evaluated in China by comparison with automatic observations from 2421
stations reported by the Chinese Meteorological Administration from 1 July 2010 to 30 June 2013. The results indicate
that the three numerical models can essentially display spatiotemporal consistence with observation and that their

performance in East China is more reliable than that in the western area. The various surface meteorological variables of
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the numerical models are key to these differences. For example, the surface air temperature and relative humidity of

ECMWEF are closer to the observations than the JMA and GFS. Moreover, the qualities of surface air temperature and
relative humidity from both ECMWF and JMA are better in the analysis field than those in prediction field. In addition,
for surface air temperature, the largest differences with observation are noted with ECMWF and JMA in winter and GFS

in summer. For surface relative humidity, the discrepancy of the three numerical models is the most significant in autumn

and in winter. For the surface wind speed from these numerical models, JMA is the closest to the observation in eastern

China, whereas ECMWF is the best in northern and western China. However, from the perspective of time, the

differences among JMA, GFS, and the observations are the most obvious in winter.

Keywords European Centre for Medium-Range Weather Forecasts (ECMWEF), Japan Meteorological Agency (JMA),

Global Forecast System (GFS), Surface meteorological variable, Applicability evaluation
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Table 2 Statistical analysis of hourly surface air temperature between numerical model data and observations

B ZEK T ZE/K HRAE
NP/ ECMWF JIMA GFS ECMWF JIMA GFS ECMWF IMA GFS
00:00 2.024 2.474 2.778 —0.166 —0.109 1.032 0.964 0.954 0.955
03:00 2.448 2.552 2.779 —0.351 —0.832 1.066 0.959 0.960 0.957
06:00 2.952 2.597 2.790 —0.757 —0.316 0.648 0.947 0.954 0.949
09:00 3.153 2.573 2.887 —1.084 0.147 —0.135 0.949 0.955 0.949
12:00 2.261 2.494 2.936 —0.344 0.829 —1.164 0.955 0.951 0.948
15:00 2.667 2.677 2.762 —1.142 0.808 —0.523 0.961 0.957 0.956
18:00 2.651 2.735 2.751 —1.052 0.629 —0.251 0.952 0.947 0.943
21:00 2.655 2.773 2.786 —0.957 0.454 —0.073 0.950 0.944 0.940
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Fig.2 Spatial distribution of RMSE of surface air temperature between numerical model data and observations
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Fig.3  Same as Fig. 2, but for the bias of surface air temperature
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PR EEA SR AT E A . AP W SCESE 2 iR ZE R M A Sa s, BF9C R,

T TRHE B Sy . N S WTLLE H, BT ZE R ARV ORI A g O A3 b X 38 T M 2 N T
IR 50 TG S X 38 T AR R 2 K T AR L X 12%; fedb. ARAEX BRI iR ZER R, (HAN T
ECMWEF i [ A GG E S A AR Z L IMA 16%. LRI S, TMA BERE55 000 1 T A o 5
ZERLFN GFS %8Rl . ECMWE 55 U000 H T AH e i 34 7 MR 2t ECMWE K (| 5b), JuHAEP AL



R /=T N S 7 20 3%
58 Climatic and Environmental Research Vol. 20

T R e i M X 38 MR R 2 K 20%,  H ECMWE
PERIR 5% A 475 AEARABIX I8 IMA PR} Hh T AF X
TR R Z KT 16%, 1 ECMWEF /N T 16%:;
IMA Rk ) b T R 5 3 7 R A5 2 71 1 g DXk
KT 14%, 1ff ECMWEF /T 14%. GFS HuHIAH %
JEE A 2R 38 R 40 1 DRV b 4R 3508 DX 35 1140 340 7 AR
ZEH IMA BEEER 4% A 475 AEARAEALER AU R X,
GFS [ 7 MR ZE L IMA %R 2% 4047, Hegih
X GFS 55 UL bt T A 5o P 349 W a2 2 2% i) 4y
i 5 IMA ZEkHHIE (8] 5¢).

B 6 2 B A 2 L 00t T AFE 6 468 P38 P A 25 £
Hp ] X ) 23 ) AR AR . BF RN, e 2R
XA AT AE B 2, ECMWE $i [ AH X3 5500
0 2 L IMA %5 BLRT GES 7o I ECMWE 550030
b A R 2= R A ) e A () 6a) n LU HH,
IREB AR 53 1 X i Z57E — 6%~ 6% [0]; PHIEX 4K
MZERR, FERAMZE, DT —6%; T 5
ZERT 10%. AHELERTT T, IMA Bk 000 He i AH
SHESE Wz KT ECMWF (K 6b), Julfrtedt
JEEB IMA BRI 22K T 10%, 11 ECMWF (1) 4 22
1E 0~6% Al EVEHEIEm 2, KT 6%, 1 IMA
PERE R ZE7E —6%~0 2 [al; {EPEIEARES GFS 1)
ZE/NTF—10%, 1 IMA BRI R ZEE —6%~0 2
[H]; fEAEAEILER GFS MW 2575 —2 %~0 8], 1] IMA
PEHA W 2= KT 8%
322 B EACHFIESHT

N AR AR (] 7 41 ) FE i — 20 L 3 P g A
2 TR IR ] [0 A O B S I 22 S, WE SR
ECMWF iy [UAH XA 500 IR 22 72 4 IMA B2k}
1 GFS %Rl (B 7). WK 7a 7 LAFH, 00:00
F112:00 ECMWF L5 8000 11 22 S B /N, 7F 2% 11,
155 ZEFIAKZE T 28 ECMWE ELOUL I (1 1 10 A 6 3
i K 2%~6%, (ERKTRIGEHN4TE EF ECMWE &5
UL (1) b T A XS Y 5 T 22 e e K, B S M /S

6%~8%. JMA % R}7EAKZE L S BRI 14 AH R
P/, JEHAEBGE 72 e ds K, /DT —8%, T HAh =
IMA R SE BRI R, AR 2 e
Ky iz KT 8% GFS fE A FIA e LE UL £ M
AR BEA R, JCHAEAZR (1) 20:00, 278K,
KT 6%, #R1 GFS 76 B4 L seBRtil i s, 1 H.
EKEREZEF) 08:00 ZE 575k, /N —8%.

A AR % )5 U 00 b 117 AF S 38 1R 3 7
R ZE | i 22 FAHOC REAEA R IR S v (3R 3)
A LA H ECMWE 5 U0 b T A 6 W B2 (132 5 i i
EALEFTE RN T IMA AT GFS %EE 06:00 2 i
IMA BRI TR Z2 1R 22 /T GFS %2 KL, 06:00
Ja WA Bz % ECMWEF M i A X, 00:00 Al
12:00 [ HRIRZE SN, IMA ZERHAE 00:00 F
12:00 2= 5N, Ui ECMWE Al IMA %2R} T
FEOTE BE 1R 73 M B 4 TP . 3 B (AR X
LS5 UL T A} A XV B A D% R A R
BT IMA %REHE 15:00. 18:00. 21:00 [KIH15E R %L
/N 0.60
3.3 XE
33.1 =R A e ik

AT TR I AT 0% ) (1) 26 1) JR T 28 i) X Ak
B RS ARG AT LRI 20T, 3 P BB AR S 0t L2 i
J5 R 1 RGBT B AT 1) 2 () 3 AR e, A 8 1T LA
FH], PHEHLX R ZE R, AR EHB X 4 7 p
72/ e ECMWEF BB 5 00 00 s 117 )Xk 25 7 5
ZEW S ) A B (B 8a) mILAE H: YTIfEM R4
R B H X (3 7 AR 22/ T 1.5 m/s; PR b
TP IR A MR ZERE R, AN T 2.0 m/s. AHLE
S, FEVLUERSRIAE R G X IMA B k)
5 0L e T R (1938 5 AR % 22 L ECMWF /)N, 3
TR ZE/ANT 1.0 m/s; AFUEAEPEHS, JBX L, IMA
PRI MR ZE KT ECMWF %68, g8k 2.5
m/s (J&] 8b). GFS TR} M RS 34 77 R i 22 1) 2 ]

3 HERAZHEWNELHEABREE 8 MLRRRIHE

Table 3  Statistical analysis of hourly surface relative humidity between numerical model data and observations

WIIRE P2 R FRE
IS Ix ECMWF IMA GFS ECMWF IMA GFS ECMWF IMA GFS
00:00 10.683% 15.821% 17.439% —1.489% —1.335% —6.234% 0.818 0.607 0.650
03:00 11.676% 15.054% 15.904% —2.440% 2.169% —4.296% 0.834 0.711 0.730
06:00 12.016% 15.226% 15.170% 0.242% 2.988% —0.851% 0.832 0.740 0.751
09:00 13.097% 15.967% 16.022% 2.067% 2.155% 2.565% 0.821 0.734 0.752
12:00 10.966% 17.419% 16.598% 0.067% —0.589% 3.174% 0.848 0.648 0.727
15:00 12.788% 18.513% 16.351% —0.979% —1.116% —0.361% 0.801 0.565 0.709
18:00 13.131% 18.288% 16.434% —2.019% —1.376% —2.001% 0.776 0.531 0.669
21:00 13.456% 17.864% 16.496% —2.874% —1.592% —3.053% 0.761 0.515 0.648




134 SEHHIAE: P D P AE R SR A T TR B R VP

No. 1 GONG Weiwei et al. Evaluation of Surface Meteorological Elements from Several Numerical Models in China 59

50°N (a) ECMWF I
40N 40°N
30°N+] o 30°N
20°N gr/%% 20°N /’;’%E 20°N
T T T e —= ! T T T S T k T T T Y T T
80°E  90°E  100°E 110°E 120°E 130°E 80°E 90°E 100°E 110°E 120°E 130°E 80°E 90°E 100°E 110°E 120°E 130°E

10% 12% 14% 16% 18% 20%

Vel 5 Tl 2, AH AR RE 38 T MR 72 (25 1) 43 AT
Fig. 5  Same as Fig. 2, but for RMSE of surface relative humidity
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Fig. 7 Same as Fig. 4, but for surface relative humidity
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