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Abstract: The improvement of numerical weather prediction depends on
the improvement of the model physical process, the model initial field
and model spatial resolution. The improvement of the model resolution
has become an effective way to improve the model prediction effect.
Based on the global forecast system, T1534 (13km) and T254 (55km)
models with different resolutions were used to forecast the temperature,
pressure, wind speed and precipitation over China. The results show that,
in the simulation of the two resolution models for the daily pressure over
China, the prediction effect of North China is the best, and the root mean
square error of the seven sub-regions decreases significantly with the
increase of the resolution. In the simulation of daily temperature, the

simulation effect of eastern region is better than that of western region. In
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the simulation of wind speed, for the northwest region, the root mean
square error of wind speed increases slightly with the increase of model
resolution. To sum up, the simulation effect of model variables with
strong periodic changes, such as air pressure and temperature, is better
than that of variables with insignificant periodic changes, such as wind
speed. The main reason for this difference is that the wind speed is
licalized, which is greatly affected by terrain. According to the heavy
precipitation weather process in Shandong on August 10, 2019, the two
models with different resolutions can simulate the precipitation
characteristics well and cover the actual precipitation falling area. The
deviation scores of various precipitation grades predicted by the high
resolution model are lower than those of the low resolution model. In this
heavy precipitation process, the relative humidity was close to saturation
on the precipitation day, which was easy to condense, and with the
improvement of the model resolution, the relative humidity was enhanced
and the structure became more refined. Meanwhile, the central pressure
of the low-level cyclone simulated by the high resolution model was
lower than that of the low-resolution model, and the cyclone intensity was

greater and the convective precipitation process was stronger.
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Extreme precipitation; Capability of simulation
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Fig. 1 Locations of the meteorological stations and sub-regional division

%M B K R B4R 0 ECMWF  ( European Centre for
Medium-Range Weather Forecasts ) £ 43K & £ EH & 2 T4 IE +
NZ—, AHWELRERAIFELTHEA (ERAD) AFREH 4
B, (E PR AT E A AR A . ERA R P BIE - &
ERAMAEHRFEE Z LA, ERAS BE F K EHFERIE

(Stopa et al.,2013; XM %, 2021), H, AL ERAS B
4 48 L T A KR

R BB Y 2019 £ 7 H 25 H-2019 8 A 24 H, 2£30 X,
EREF AR REFNZE. AT 24T IF 5 A o2 58 3 1 A
TR /7, BT 2019 42 8 A 10 HE L RE X AWEW L BHLT

B .

2.2 FEFMER

HTARERNFTEAHRHWRBSEE, AXSEHEE _KAMRE
FUHERFEHRE, BFEHXHH 7 AFXE(HE 1) , 254!
AL X 1: (38N ~46N,82°E~ 92F) ].Fd[4 X 2:(42.5°
N~ 50N, 120E~130E) ]. %t [ X 3: (36N ~ 43N, 111°
E~ 119F) ]. %% [4 KX 4: (28N ~ 36N, 106°E~ 115F) ].

EHRHK 5 (28N ~ 36N, 116°E~ 122F) ]. g [4 K



6:( 21N ~28N, 98FE ~ 106FE) 1. £8 [ X 7: ( 20N ~
27N, 107. 5°E~120F) 1.

A X F| A #E FINE M F L (National Centers for
Environmental Prediction) B4 Bk #E MR E A (Global Forecast
System, & #¢ GFS) #AT1TH . A A K GFS-T1534 5 GFS-T254,
AR #EE 47 4 13k #2 55km, EEH S EN 64 F. AXELZATH
fradEER, TERRLERIN (RIE. RERRE) #HATHH
GHT, VAT A R X R

i ok FE AL AR B R £ 3T 2 (BIAS). TS 34 (Threat Score).
= E (False Alarm Rate,FAR) DLE &+ F (Hit Rate, HR). *t
TreAR, REEZNEAS RSN X R HRLTFL, HF,

BIAS. TS. HR. FAR B9t & AR 40T

BIAS _ NA+NE (1)
NA+NC
TS = — M4 2)
NA+NEBE+NC
HR = 4 (3)
NA+NC
FAR = —25 (1)
NA+NE

A NA R TR o B A TR (8 A WLt P T = 29 30 o ol e 8
Rt BUAR B 95 2 2K NB A0 TR 0 1 AT L K P A By o
RB BRI 8k NC Ao A BUAR M AT Wl ds 30 0 Aoy ot w2,

9



BR R4 3 /2 2 ND Ao B A L 324 K i 30 1 Ay b 40
3 LR
3.1 WIMOHRENEDEXEHURE DR

AR o R ERE T AR TREGE A, g FE T
MFE LA G T T HREKXEZATT 4 XS ERAS B2 4TH
EHRE R Z/TEFHE. g 1 RN T A R AT
ZHAEEFE TATREFEHERETHE BERKE, EUXRRHT
WAL, P o2 R AR X IR 5 ERAD F 4047 % L 1P £ B AR %
AL 0.99 PLE, HARIREH/NT 0.06, FE 7 4FREALEE
ASBERTE, ENRRHEALE, HXRHEHA, HHREZ
BN, REEEHAEALMEK, HFRIFZLAHENE 61 5%F

60. 3%,

R 1AEMSHEZZBSEFE 7 M FREBEARBFIFRIRELHE
Table 1 The correlation coefficient and the mean root mean square error of 7

subregions of daily atmospheric pressure in China over different resolution

aHE FRE KR fde f£E Bt #EAR L

EEEX 55km  0.996 0.995 0.988 0.985 0976 0.948 0.981
13km  0.996 0.997 0.992 0.987 0986 0961 0.989
BAMRIEZE  55km 0580 0.586 0.744 0.622 1.642 1507 0.815

13km  0.054 0.048 0.065 0.061 0.101 0.091 0.053
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R2AMABREZRASEFE 7 M FREEXREAY A RREESE
Table 2 The correlation coefficient and the mean root mean square error of 7

subregions of daily temperature in China over different resolution

SR KL #®F f£it fE Al AR &£F

HEXRE 55km  0.922 0.758 0.872 0.454 0.734 0270 0.679
13km  0.914 0.785 0.880 0.396 0.750 0.349 0.679
WHRIRE  55km  1.603 2.047 1509 1.176 5.180 1.437 1.691

13km  0.668 1.658 1.484 1.353 4.260 2.147 1.566

At 5 A NMIBEEEETHENRRER, AN HEE
A TR E 7 A FXEBAIEE ERAS BT AR #ATIEE, 9 5%
WHAXRBEAHTRERZNREZRN, R 2 R, B MREF R
HXHEX RS RE, EREEA S HENRS G, HX AT
. AR RETMRYATRIZZRA, ERBEXIBEEY
F AR Z KGR E RN, By LA 82. 2%; AL KBy H 7 HRIR %
BUNA 1,603, EREER 4P E 5H TRIRZ 3 —F WK 0. 668,
BT 58 3%

BRMAsBEEXTRNFE 7 A TFTREZEAR G E RS
ERAS B 41T RAL AT IRME, 4B X RS A TR Z W%
W, Wk 3fEk 4R, T MR FERRXBTHE @R F 58 R
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FINENBRERASENFE 7 M FREBXREFHHFRIEREHE
Table 3The correlation coefficient and the mean root mean square error of 7

subregions of daily zonal wind in China over different resolution

SR R #FR £t %E Al AR &£F

HEXRE 55km  0.867 0.907 0.755 0.855 0.553 0.680 0.731
13km  0.889 0.924 0.799 0.870 0679 0.701 0.679
WHRIRZE  55km 1499 1.699 1.384 1.810 2.057 0.649 0.959

13km  1.760 1.537 1475 1594 2778 0.680 1.266

RATEANFEZRBZLERAFE 7 MFREEXRBFSFRRE=E
Table 4 The correlation coefficient and the mean root mean square error of 7

subregions of daily meridional wind in China over different resolution

SR R FR £t 4 Al AR &£F

AR 55km  0.853 0.880 0.843 0.854 0.509 0.649 0.677
13km  0.898 0.884 0.863 0.865 0.628 0.679 0.753
BIARIRE 55km 1499 1538 1.848 1598 2341 0.957 1.143

13km 1446 1553 2212 1513 2510 0.938 1.134

R, BalRE8e TR HEER . WK TRS @ RAAEE
R 5 ERAS F 447 FOR YA R R BR/D, ElE R HENTE, HX
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Fig.2 Spatial distribution of pressure correlation coefficient and root mean square
error difference with different resolution in seven sub-regions of China (Fig. (a)
and Fig. (c) are correlation coefficient and root mean square error difference with
55km system; Fig. (b) and Fig. (d) are correlation coefficient and root mean square
error difference with 13km system;1. Northwest; 2. Northeast China; 3. Central part
of northern China; 4. Central China; 5. East China; 6, Southwest China; 7. South
China)
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Fig. 3Spatial distribution of tempeture correlation coefficient and root mean square
error difference with different resolution in seven sub-regions of China (Fig. (a)
and Fig. (c) are correlation coefficient and root mean square error difference with
55km system; Fig. (b) and Fig. (d) are correlation coefficient and root mean square
error difference with 13km system;1. Northwest; 2. Northeast China; 3. Central part
of northern China; 4. Central China; 5. East China; 6, Southwest China; 7. South
China)

FHRA, PP RIApHRMERFELE 0.99 UL, KoHEE
B WE/DE L KRR RKET 0.97, MEmosHEEXFHE
XA RS 23E 0.97T L, 2FTREBNHFRIRZMES

14

0.99

0.98

0.97

0.96

0.95

035



NHEREHEERRK, NEFTELWERRNRERERA, 2HE
BEHEMR AT RRELREDT 1.

Bl 3 A At o RAR A TR R im 5 ERAS F 447 % #HBIAE % R 4¢
PMHAFRRZZRAFETATREONZE 24 E, BFI6EXEx

50°N

40°N |

30°N

20°N

50°N

40°N e

30°N -

20°N

80I°E 90I°E 10(I)°E 11(I)°E 12(I)°E 13(IJ°E 8(;°E 90l°E 10(l)°E 11(l)°E 12([)°E 13(lJ°E

4 FEIFHERATRGE XS ERAS BT EREX AR AIRREEREPEL

MFXERIZE S (B (a) FIE (c) A 55km RNHIERX ZEA S RIRZE; B (b) 0

(d) 7 13km IRXHAXRZ BN FIRIRE; 1. AL;20 Kb 3, b4, s, &
?F\?é\ ﬁﬁ’z—l;7\ &ﬁﬁ_—l)

Fig. 3 Spatial distribution of zonal wind correlation coefficient and root mean
square error difference with different resolution in seven sub—regions of China
(Fig. (a) and Fig. (c) are correlation coefficient and root mean square error
difference with 55km system; Fig. (b) and Fig. (d) are correlation coefficient and
root mean square error difference with 13km system;1. Northwest; 2. Northeast China;
3. Central part of northern China; 4. Central China; 5. East China; 6, Southwest

China; 7. South China)
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Fig. 3 Spatial distribution of meridional wind correlation coefficient and root mean
square error difference with different resolution in seven sub—regions of China
(Fig. (a) and Fig. (c) are correlation coefficient and root mean square error
difference with 55km system; Fig. (b) and Fig. (d) are correlation coefficient and
root mean square error difference with 13km system;1. Northwest; 2. Northeast China;
3. Central part of northern China; 4. Central China; 5. East China; 6, Southwest
China; 7. South China)
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Fig. 6 Comparison of precipitation predicted by different resolution models and

measured at stations, as well as ERA5 reanalysis data from European center (Fig.

(a)Station; Fig. (b)ERA5 reanalysis data; Fig. (c)55km mode!| forecast; Fig. (d) 13km
mode| forecast
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Table 5 Index of precipitation forecast

fEKFLR BEADHER BIASTES TSHER sk =iRE

INEE 13km 1.057 0.945 1 0.054
55km 1.058 0.946 1 0.054

I 13km 1.109 0.814 0.946 0.146
55km 1.157 0.815 0.969 0.166

G 13km 1.113 0.704 0.858 0.203
55km 1.162 0.679 0.874 0.247

W 13km 0.916 0.524 0.659 0.280
55km 1.089 0.478 0.676 0.379

REW 13km 0.566 0.269 0.322 0.383
55km 0.611 0.239 0.311 0.491

WA R R G A ERAATHN, 2R HETIW.FW.
AW ZWARKEN b MEREAD ST EIT, B TS F4.
BIAS 14, & EAERE, KOyHEMTFWAANNREITFL
WA, Al A 1167 A 1. 162, T 24 A & T B TR k= & /MX A4 0. 611,

SHHERANFRAATHIARRETFo0RA, TIETHARNH
w21 T2 N 1o &0 3 2 X TR E A0 e ACE R o 2 1F 24 1%
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F1G. 7 Compar ison of ERA5 reanalysis dataonrelative humidity (shadow), geopotential
height (contour line), and wind field (vector) at 500hPa with different resolutions
on August 10, 2019 (FIG. (a) and FIG. (d) show the upper air at 12 and 24 hours of
55km model, respectively; Figure (b) and Figure (e) show the upper air at 12 and

24 hours of the 13km model respectively. Figure (c) and Figure (f) are the upper
air at 12 and 24 hours of ERA5 respectively.
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F1G. 8 Compar ison of ERA5 reanalysis dataonrelative humidity (shadow), geopotential
height (contour line), and wind field (vector)at 850hPa with different resolutions
on August 10, 2019 (FIG. (a) and FIG. (d) show the upper air at 12 and 24 hours of
55km model, respectively; Figure (b) and Figure (e) show the upper air at 12 and
24 hours of the 13km model respectively. Figure (c) and Figure (f) are the upper
air at 12 and 24 hours of ERA5 respectively.

ERENEFHTRGFETTROBE. GO HENT 5 HERE
AW EREHRT RO HE, AMEEAEREE, A HEHE
AW ERE B Z G A,

&1 7 4 1% A4 B 500hPa £ A~ [F 7 # 348 X B4R UL ERAS & 4
MERWEEREE, EFRBHL TR E. oML, #E
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REFAQ AR N B A REEA B, EEKS HAEMEEER
Tlafks, ZTHE, EMEEX 2 HEES, HEERRE,
SEAGE o XE AR, BRI K HY R S T A IR R R A R AR E R A
AT N T HELUE W, PR 4 5 AR B89 BRI R A AT
BT ERAS A TY, ARETRT2HEE, &oHEHEEUN
T & 0 A 5680hPa, KT (K4 # A2 AL HY 5740hPa, H ¥ #IT T
ERAS F -4 % FHHV 46 R

&1 8 A [ 7k 4 H 850hPa b 7 [7] 4% 2 4 X Tl i LA X ERAS H 247
KRB ERHE, EFHAR 2 AESRE. AELRARNE H
B 4 AL X B LB A XE B 7E 850hPa L B E E TR PR
ABNUER, KARBEREEKART. KREARMERHKZEE
REEAGE LhE, BRT LAZH. 5o HEEXENNKER
R ERE A HEEXEK,

4 £

A SCA| 13km A0 55km 7 4% 2 0y GFS 2 BREE TR AR R 8y 7~ i,
xf 2019 47 A 25 H-2019 8 A 24 H¥ EXHZA AR, [ EHM
R #AT 4 A B, SR 2019 4 8 A 10 B WL R B R AT A2 1E 4
PRAR, 4T AR HEEXGENE S 0T

(1) Ffh o3 AR K ot & B KR B A E gL 4403
RWEMNRRRET, 7T AN TREHETREREMES HERETHE
FlER; ZHABENEN, RIBHRNWRRMATHIHKX, & HRAE
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HED, AaBEraaZ ARWEXREEEG TEERAX., X
THAHK, MEEX ) HRHRE, NEHFTRRENG/NMEEE
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AR G2 BT AR E R, FL, RBERA > HEES
ML ERE R TR, REHHEERAERANERF
ERABREE, REBEFHENZRES, O TR ERHEE
FRAWHMENENERFAEL, EET X, Ak, AP E LW
W, REsHENRABAFTEL RS A AP R EEERX
e 77 RE ik Bl m AR UK B B B

(2) 432019 8 A 10 H WL AHK K A8 —KFEMEAR AL
2, TR o # R BT I R AAEE, BE T 0%
AEX HEEREAERNES, Ao HEEANEREGHE A,
BAHEEATR 5 HEAEZNRETIURSHREZRT RS
HEBATR. HA, EX o HENREAH T TR EREAKEH
M. HMEEA s HENRS, HOEBERE, SHEMEHR, 7
o M XA BN IR RAFAE 4 8240 T ERAS B T4, AGe 3R iR
+HHAE, REARMKRESEEGRXEERRE L, HRT LA
Ao BAHEEXEDNAREA R F CAERR, BHEEXEMR, |
HBEE A, HREREAER,

(3) At A B A AT -9 3¢ A UAR 19 320 13 AL AT T
M I ERR, FH RN AT LEFEERNANFL,
B 72 2 AT BT A BT — 0k & A 7 WL 7R 3 X A 3 At A2 AT AT
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