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Abstract This study considered the impacts of time-step size and spatial resolution on the prediction skill of the
Global/Regional Assimilation and Prediction System (GRAPES) mesoscale numerical forecast system (GRAPES-MESO)
for a given parameter set. The forecasts of geopotential height (H), temperature (7), and the zonal (U) and meridional (V)
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components of wind at 700, 500, and 200 hPa, were assessed, as well as surface precipitation. The results showed that, at

a spatial resolution of 0.3°X0.3°, the prediction skill of almost all variables, including H, T, U and V, in the three vertical

layers were optimized at a particular time step of approximately 240 s. This raises the possibility of an optimal time-step

size for a particular spatial resolution, and the explanation for this relationship might be related to the computational

uncertainty principle. The operational forecasts based on a spatial resolution of 0.15°<0.15° and a time-step size of 90 s

were also compared with the best results obtained previously, in which the spatial resolution was 0.3°<0.3° and the time

step was 240 s. The latter configuration possessed higher skill than the operational forecasts for all variables, indicating

that the prediction quality may not be significantly improved by an increase in the spatial resolution of the model.
Keywords GRAEPS_MESO, Time-step size, Spatial resolution, Model prediction
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(positive values indicate an improved forecast, negative

Percentage change in the RMSE of forecasts

values a worse forecast) of geopotential height (H),
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components of wind at 200, 500, and 700 hPa after
changing the time-step size from 120 to 240 s. Spatial
resolution was 0.3°X0.3°. H200, H500 and H700 represent
the result of geopotential height at 200, S00 and 700 hPa,
repectively, while other variables represent that of
temperature, the zonal and meridional components of wind.
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Fig. 5 The TS/BIAS scores for surface precipitation at various spatial resolutions and time-step sizes. Panels (a—c) show the results for light, moderate, and
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observed precipitation averaged over east-central China as a function of

time (d)
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Fig. 7 Spatial distribution of error between the observed and forecasted 500-hPa geopotential height fields (gpm) at a forecast time of 60 h [0000 BT (Beijing
time, same as below) 8 August 2011]. Panel (a) is the result for a spatial resolution of 0.15°X 0.15° and a time step of 90 s (OPER). Panels (b—h) are the results
for a spatial resolution of 0.3°X0.3° and time steps of 60, 90, 120, 180, 240, 300, and 360 s, respectively. The initialization time was 1200 BT 5 August 2011
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Fig. 10 Three regions of 24-h observed accumulated precipitation corresponding to the forecasted accumulated precipitation (mm) between forecast times of

36 and 60 h: northeastern China (D1; 40°-50°N, 120°-130°E); Shandong peninsula (D2; 30°-40°N, 115°-125°E); southern China (D3; 20°-30°N,

110°-120°E). The initialization time of the case study was 1200 BT 5 August 2011
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Fig. 11 (a) Station averaged precipitation (mm) and (b) its maximum value as (mm) a function of time steps in the three main rainfall regions (DI,

northeastern China; D2 Shandong peninsula; D3, southern China). OBS indicates the observed results, while OPER represents the forecasts based on a spatial

resolution of 0.15°X 0.15° and a time step of 90 s. The initialization time of the case study was 1200 BT 5 August 2011
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Fig. 12 Prediction error (mm) of station-averaged precipitation versus
time-step size in the three main rainfall regions (D1, northeastern China;
D2 Shandong peninsula; D3, southern China). OPER represents the
forecasts based on a spatial resolution of 0.15°X0.15° and a time step of

90 s. The initialization time of the case study was 1200 BT 5 August 2011
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Fig. 13 Spatial distribution of 500-hPa geopotential height field (contours, units: gpm) and the corresponding surface precipitation (color shading, units: mm).
The 500-hPa geopotential height field is the forecast result at a forecast time of 60 h, while the surface precipitation is the forecasted accumulated precipitation
between forecast times of 36 and 60 h. (a) OBS indicates the observed result, while (b) OPER denotes the operational forecast based on a spatial resolution of
0.15°X0.15° and a time step of 90 s. Panels (c—i) are the forecast results for a spatial resolution of 0.3°X0.3° and time steps of 60, 90, 120, 180, 240, 300, and
360 s, respectively. The red line indicates the 5840 gpm line of the 500-hPa geopotential height field. The initialization time of the case study was 1200 BT 5
August 2011

S5 L5 IS5 T AR ) 3 R 0 0.15°X0.15°, Y
[H2PKh 90 s IR TR 45 R LA R I, Jir AL
H, T. U. V PR ST . M HARER S
B A IZ P VEAG H, TCie At TS/BIAS V. X35
SERIBE K B AR PR 22 (AE) IE A2 B /K Tidi
Wz (RMSE), W 2initt. wJ i, 7EA SR E
FAEF S FEA R () oy e e, TRAR R

(3) YIRS %020 2011 4 8 A 5 H 12 B A
IIRTEE BRI A3 R 0.3°X0.3°15, 500 hPa
7 B v 5 3 R b THT 5 7K 37 10 AR 58 2 35 B A B 1)

SRR R B W, AR AP OA R 240 s )5,
XN, 1 ELAE R0 B i B K 3 (P DAL
S5, W7 AT A ) RMSE BL R il s~ F-32)
B 7K R T ZE 0 AL AE I [P A 240 s BRS¢
/N, TR IS B B T 3 R K T 3 5 Ak
Balr, WOREIIR . M, B IR gk el
K, BXIE TR BEAR 22, Ui B 7R 1%/ B s LT
W0 KABARAFAE s B LR T M 43 HE R N
0.3°X0.3°, WfEZKN 240 s WA H] 4 3500
0.15°X0.15°, W[y 90 s I TR 45 L, 4331



N W 39 %

1178 Chinese Journal of Atmospheric Sciences

Vol. 39

50173 73 A AR E] ) 4518

H T ARUFBE R AR P, A SO AR 2 E
TR SRS D ZE5 A ——RTBASRAT ¥ 8] 4y
A 0.3 FERFHII AP A BEHCh 60 90, 120,
180, 240. 300 Al 360 s, Ff3EIHAH KN
240 s SEATIEANEE R EZRIGE, 240 s FUE AR
I IAP A AL, ZEARAG BRSO 2,
ZAHG I DA T e — 2P A4t i A ST G
() i) R0 2 e I N TR 25 A B AA AR R e 5, e IO T )
() A TR R AR, T S Bk 45 I FH 24
INAEARS 97 SN N 51 P52 i T | PN 2 RS
[i) 3% 2 A DC JE P e DL R ) 20K (PR A 1

TiEh, AR SRR AR e A P R
PIZAE AR o S TR TR ASCR 15w, BT
THEAEPERERSL, ] e 5 I R PR )
PR (BFEAESEO ML, By
BN ) HE SR (0 AH B A A 8 =3 2 TR i JL (R4
A Ko X TR LI FR L I )P KR 23 ] 7y B
Z A EAEN, &7 ZdE— BT,

WJh, ASCHE S T I RS KPR iR
BRI, AH BT oS R R, 2 1) oy A
AL F T 0.15°X0.15°H1 0.3°X 0.3°1 (1) P Fh iy
oo TEARE TAR, W LA IR 22 1) 2% (8] 4y
Hig, ERAZIRAE, WP LR R AT
T THR RICR (R) 5E o

Sk (References)

MR, BEALE, M2k, 25 2008. GRAPES B —{UABR/X % N4
B AR R AR BT (], BFIEAR, 53 (20): 2396-2407.
Chen Dehui, Xue Jishan, Yang Xuesheng, et al. 2008. Introduction of
designing schemes in GRAPES, a new generation of global/regional and
synoptic/climatic unified numerical prediction model [J]. Chinese
Science Bulletin (in Chinese), 53 (20): 2396-2407.

Gear C W. 1971. Numerical Initial Value Problems in Ordinary Differential
Equations [M]. Englewood Cliffs: Prentice-Hall, 1-14, 72-86

R, EEH, BRIBEZL. 2006. 2002-2005 4 T213 HA K TR i 4>
M e [J). A%, 32 (8): 70-76. Guan Chenggong, Wang Kemin,
Chen Xiaohong. 2006. Analyses and verifications of T213 rainfall
forecast from 2002 to 2005 [J]. Meteorological Monthly (in Chinese),
32(8): 70-76.

Henrici P. 1962. Discrete Variable Methods in Ordinary Differential
Equations [M]. New York: John Wiley, 187pp.

Henrici P. 1963. Error Propagation for Difference Methods [M]. New York:
John Wiley, 73pp.

PEEL 2001 AZIUER M BUR VS REH AT M) Jest: hEA
% J5 LK 7], 9—11. Huang Zhuo. 2001. Technical Manual of Scoring

System for Assessment of Weather Forecast Products (in Chinese)[M].
Beijing: Forecast Disaster Reduction Division of CMA, 9-11.

AT 2000, FAUERIE R R U HoR (9], REEREE BT, 15 (6):
428-430. Li Jianping. 2000. Computational uncertainty principle and
its scientific instruct [J]. Bulletin of the Chinese Academy of Sciences (in
Chinese), 15(6): 428-430.

Li J P, Zeng Q C, Chou J F. 2000. Computational uncertainty principle in
nonlinear ordinary differential equations (I) Numerical results [J].
Science in China (Series E), 43 (5): 449—461.

Li J P, Zeng Q C, Chou J F. 2001. Computational uncertainty principle in
nonlinear ordinary differential equations (II).. Theoretical analysis [J].
Science in China (Series E), 44 (1): 55-74.

225, F[.2007. 2007 45 2 GRAPES-MESO 15 % 30 km #1356 EL e
% [J]. <%, 34 (10): 81-89. Li Yong, Wang Yu. 2007. Contrast test of
15 and 30 km GRAPES model product in summer of 2007 [J].
Meteorological Monthly (in Chinese), 34 (10): 81-89.

XS, AP, WAL 2013, T A BRI i M, 43 iR,

e (1), WEEE2ER, 35 (4): 19-28.  Liu Baochao, Li Jianping, Feng
Licheng. 2013. The effect of vertical resolution on the simulation of M,
tide in Changjiang estuary [J]. Acta Oceanologica Sinica (in Chinese), 35
(4): 19-28.

BR, Y, Hal, 5. 2002, ARG AT HERERRIIST [J]. <
i 5 IREEHFSY, 7 (2): 227-235.  Mu Mu, Li Jianping, Chou Jifan, et al.
2002. Theoretical research on the predictability of climate system [J].
Climatic and Environment Research (in Chinese), 7 (2): 227-235.

Quinn K. 1983. Ever had problems rounding off figures? This stock
exchange has [J]. The Wall Street Journal, No. 91, p37.

Skeel R. 1992. Roundoff error and the patriot missile [J]. STAM News, 25
(4): 11.

von Neumann J. 1960. Some remarks on the problem of forecasting climatic
fluctuations [M]/Preffer R L. Dynamics of Climate. New York:
Pergamon Press, 9-11.

TS, BN 2006, H(E A FHR I 28008 T SH0RS SRR i) 22 P 46 i
KE [J]. SAESIFEDIS, 11 (3): 395-403. Wang Pengfei, Huang
Gang. 2006. A study on the dependency of maximum prediction time on
computation precision and time step-size in numerical model [J].
Climatic and Environment Research (in Chinese), 11 (3): 395-403.

. 2003, 2002 4R EVYIE ST % 0 2R K IO Hua g [J].
S5, 29 (5): 21-25. Wang Yu. 2003. Verification of NMC subjective
and objective precipitation prediction during the main flood season in
2002 [J]. Meteorological Monthly (in Chinese), 29 (5): 21-25.

Wilkinson J H. 1971. Modern error analysis [J]. SIAM Rev., 13 (4):
548-568.

PR, MR, BRI, 4%, 2008. GRAPES MyBE k#2140 th ik 22 78
FEEE R [J]. REEETR, 53 (20): 2428-2434.  Xu Guogiang, Chen
Dehui, Xue Jishan, et al. 2008. Optimization experiments of physical
mechanisms and program design techniques in GRAPES model [J].
Chinese Science Bulletin (in Chinese), 53 (20): 2428-2434.

BEALTE, WREENE. 2008 BUETIUR RS GRAPES [KARPEBF SN [M].
b5t Rl iR, 206pp. Xue Jishan, Chen Dehui. 2008. Scientific
Designs and Applications of the Numerical Prediction System of

GRAPES (in Chinese) [M]. Beijing: Science Press, 206pp.



