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Abstract

In order to study the applicability of high-altitude numerical forecast products in China, this paper
collects the main numerical forecast products (GRAPES, ECMWF) and atmospheric sounding data
of meteorological stations currently used in China’s meteorological services, and analyzes the
numerical forecast products using mathematical statistics. Compared with the actual field in the
summer of 2018, a comprehensive evaluation of the predictive capabilities of different numerical
forecast products at different timelines was carried out, and the following conclusions were drawn:
In terms of temperature forecasting, the model’s forecasting effect for the northern region was
better than that of the southern region. The deviation, root mean square error, and correlation
coefficient were all smaller than the results of GRAPES in the comparison of 12 h and 24 h forecast
timeliness at different levels, and the ECMWF results had obvious advantages at 700 hPa and 850
hPa in the lower troposphere. In terms of geopotential height forecasting, the model’s forecasting
effect for the north was better than that of the southern region. The results of 12 h forecast time
were better than that of 24 h forecast time. At 700 hPa and 850 hPa in the lower troposphere,
ECMWEF results had obvious advantages, and this advantage was mainly shown in the western re-
gion. In wind speed forecasting, GRAPES was significantly better than ECMWF's results in average
error, correlation coefficient and root mean square error, reflecting the advantages of GRAPES in
wind speed forecasting.
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B R AT AR KL PRIG O, FE— & WVMEADE &M, dd KA ENERE T, R
it 5 R AR T AR BIRAR 7 S A1 2 B T R AL, T R SR — 58 I B RIS BRI R IR I 7
B, HAEE AR R AT . MBI RS ThRE VR AN ZE 8 22 s AT S AUEAA TIZ R o B TR
FORBIA W A S, B PR O 2 i TR 53 i R AR AN T Bk () T R[],

H AT 4Bk O V1 2 1B 5Bl X (1) SR 7 0 3OS B8 1T R AR HUE R AR ™ i F R 202 B,
QORI P A RS B R 0 (European Centre for Medium-Range Weather Forecasts, ECMWF). & [E A 35 Fiiii
.0 (the National Centers for Environmental Prediction/Global Forecast System, GFS). HZA&S % /T (Global
Spectral Model, GSM)F14 [F] L =, L 1 7 Fir (ICOsahedral Nonhydrostatic Model, ICON)%% & A7 £ {E Tl
FAMAE GRS R T ERIIVER . E i T BUE R TR &5 RS2 2 7L kA s YRR
VIG5 2 S A RO RENR i DABSUIE A T TR 45 SR RS B2 A B ORI = 907 b 0 55 0 &5 SRAFAE A [R) A
FEMIZES(2] [3] [4] DAL T M5 i Potgh ™= i B i 1k R . AR AR AR I o] GEANAS 2, W] DU 0 i %
ELFRER ™ i (0 S K, AT EAS B 4 () T 38R (5]

KT GRAPES Al ECMWF Pk B it i A 36 LT g 1 ARZ2 [51-[10], fHd X W T 252 it —
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AN ) 3t T PR 8 SR AT AR G, TSR G 2 BB TR ™ 2 AT v 22 BB 0™ oS B R TR b
ST RS, ASCRI SRS 77, 40T GRAPES Fl ECMWF Rk S8 U4 it 5 58 oW U 75 55
FERTRTZES, PP R R RS S S R, o0 AN R EE 0™ i £ A R 280 730
MBEIRIERE VR, AT A SE 4 B A BB T ™ S PR R AR S8

2. AREFZE
2.1. ERER

2.1.1.
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Figure 1. Distribution of observing stations (in the figure, the black
solid points are the positions of the stations)
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2.1.2. RANBETRBR=RTA

GRAPES X 2R E B LK W HAE R AWM KRG, 1 H A REXEES RS R4
GRAPES_MESO 7E 2015 fEF- 2 F] 4.0 BRA[11]. AR GRAPES_MESO X 34L& Tk 55 R 407 A=
AR AR I X IR G TR ™ (R SCRRT PR GRAPES), B i A3 18] 70 #8017 < 0.1°, WFE] 70336 3 he TIidl

I R 72 /N
AR BRI R AT o 4 8 23 R B TR i ECMWE_HR (R 3Cf X ECMWE) o 16507

Fh S A PER 0.125° x 0.125°, B[] 703E3 3 he THARET RN 240 /N,
2.2. ARFGEENT

2.2.1. BIBETARLIES 3%

BT TR ot HHE 5 O S FE I 2 BB R, B LEEEAT R FU AT, 55 B B AT A PR, 7E
A b, R R M e B V20K TR 3 A s SR AR AE 2 T W] 1 B sl i 7 B . ERT ) b, i TR
FRRLAA 08 IFHT 20 I A LINEE , BT DABSUE Tid™ St ik 4 08 AT 20 ISRk I Fidi ™ i, FERTEL
12 h A1 24 h B FRR ™ -5 0000 5 B RS T
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222, HESEXTREEHEERB IS
o CPIJRZE: FHREUEN EFOREIN, ERBUIZS T KN RGNV RE.
ME=3(4,-4,)/N (1)
o WUTMRIRZE: MR T TRAE S SEUE RO B AR, PRI RE S M SR ZE NS L, B R B TURR %
WHHI— SIS

RMSE = [Z(Aﬁ -4,) /NT/Z o

o HHSRAL: S RALHE S TR 5 S L T2 I B4R R
COR= [Z(Aﬁ ~ A )(Am. = Ay )]/[Z(A/r = A )2 (Ay — Ay )2 Jl/z 3)
Wb Ay A, BRI DRI S, Ay, A, SRR U, N R

=Y
3. BUETR = MR EEHxtEE
3.1. FRINHURE TR 3T

¥ 2018 4F 6 A 1 H~8 A 31 HARM MM AITHIZFEATH BSF S5, 78T 2018 4FH = PIEEAR
[l s B ZE S, 8517 1. NRR AT LR R, 76 PR 2, AN iR 5 WE R Z 58T 1°C,
Hrh, ECMWF f°F- 78 2 76 AR 8 2 (200 hPa. 500 hPa. 700 hPa F1 850 hPa)f#) 12 h Al 24 h TRk 2% 1)
XF EE 5/ F GRAPES (145 3t S BL 1 5 F B AT LAFEAH ¢ R 2L COR F5 75 #iR 1% 22 RMSE % b HR R B
LT ECMWF 75 IR TR e

Table 1. Test statistics of GRAPES and ECMWF temperature forecasts in the summer of 2018
# 1.2018 fF 2 F GRAPES #1 ECMWF ;BB iR I 4t %

12h 24h
Bk e
ME COR RMSE ME COR RMSE

ECMWF 0.03 0.95 0.54 0.05 0.94 0.58
200 hPa

GRAPES —0.26 0.94 0.75 —0.41 0.93 0.86

ECMWF —0.04 0.99 0.38 —0.02 0.99 0.39
500 hPa

GRAPES 0.52 0.99 0.66 0.84 0.99 0.94

ECMWF —0.11 0.99 0.46 —-0.05 0.99 0.47
700 hPa

GRAPES 0.35 0.99 0.55 0.6 0.99 0.76

ECMWF 0.01 0.96 0.91 0.03 0.95 0.91
850 hPa

GRAPES 0.15 0.94 1.13 0.09 0.93 1.21

FERE—AN b S E, 40 HT 2018 B B IR TR 5 41 S5 0000 e S AR DG, 33 2. MBI LA
B, BAmE, BT TG BRI TR X, LM RECEIEE 0.9 Db, MEREEEE
HOIX FIAH G BB ZAE 0.8 LUK B 8CRE, PR 12 h TR 240 45 R T 24 h TR 2
GER . Y EVCORE, EXHR)ZE TR Z R 200 hPa F11 500 hPa, ECMWF 1145 5 5 GRAPES )45 2441, —
HEFEN . ABLEXHRERZ K 700 hPa F1 850 hPa, ECMWF &5 Bt 4 W] & o
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Figure 2. Spatial distribution of the correlation coefficient between GRAPES and ECMWF temperature forecasts in the
summer of 2018. Rows 1 - 4 are the results of 200 hPa, 500 hPa, 700 hPa and 850 hPa, respectively. The first and third col-
umns are the 12 h and 24 h forecast aging results of ECMWF, respectively, and the second and fourth columns are the 12 h
and 24 h forecast aging results of GRAPES, respectively

[& 2. 2018 F£E Z GRAPES #1 ECMWF [REiREXRH =B SHE. 1~4 1755179 200 hPa, 500 hPa, 700 hPa F1
850 hPa HILER . SFE—FIFNE =545 ECMWF B9 12 h #0 24 h FIRESEHILER, £ FIFELF4 F)5A GRAPES
B 12 h #0124 h FRETSAVE R

AT HENEMANT EE ECMWE #1 GRAPES 4538, 2261 714 3 BIEos B . MEF T BUEF], ECMWF

FIRH R REAEA R 2 R T GRAPES IS5 R, MHATTHRZ /N T GRAPES 45

P 2 s R —3.

3.2. AR & AR TR e IR EL

#2018 /£ 6 H 1 H~8 H 31 HAZH & FE I A i AT i [R1F 3 5, 404 2018 AR H 2= T 3{H
FEANE S i B 22 5, 198098 20 MNRHRTLLE B, 75731 % b, ME S ZR 200 hPa i ZEAHRTOR,
ECMWF A1 GRAPES ] 12 h Tk i 205% 25 70 51 N—1.25 f1—1.3 gpm, MG7E 24 h FARIS KR ZERSG AN, 2
HIA-1.11 F1-0.93 gpm. {EXTRZE HEJZ ) 500 hPa. 700 hPa A1 850 hPa, ¥ & iR ZE A&/, H
B 24 h B 2% 500 hPa 45 44, ECMWF 45 IR AT GRAPES (455 . MifE¥ /7R %2 RMSE 115
#r E AR L 3, 500 hPa ff) GRAPES ) RMSE 7£ 12 h 1 24 h TR IR 25 45 5239/ F ECMWF ()45 3,
BT GRAPES #£ 500 hPa Mtz Fitdle i (A0 5, (RAE HoAt 2R MIATS S8 ECMWF B85 R4, SRALL)
g8 BAAZAE T2 A C R COR W, B T ECMWF TER % Tl R4 35
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Figure 3. Scattered distribution of correlation coefficients between GRAPES and ECMWF tempera-
ture forecasts in the summer of 2018. In the figures, the abscissa is the result of ECMWF, the ordinate
is the result of GRAPES, the first row is the correlation coefficient, and the second row is the root
mean square error. The black dot is the result of the 12-hour forecast, and the red dot is the result of

COR . (3) 200hPa COR. .(b) 500hPa COR, .(¢) 700hPa COR . (d) 850nPa
1.00 4 1.00 4 1.00 4
e 0.90 2 090 4 090 4
A 2 0.80 4 E 0.80 4 = o0 :
& 0.70 % 0.70 4 5 070 1
0.60 4 0.60 4 F A s
0.50 0.50 0.60 4

02 04 06 0.8 1.0
ECMWF
RMSE_ (¢) 200hPa

0.500.600.700.800.901.00

ECMWF

RMSE _ () 500hPa

0.500.600.700.800.901.00

ECMWF

RMSE (8) 700hPa

0.600.700.800.901.00
ECMWF

6.0

5.0

g 40

| & 30

2.0
1.0

5.0
4.0

3.0

GRAPES

2.0

1.0

APES

35 4
30 4
25 4
& 20
15 4
10 4

RMSE _ () 850hPa
8,

2 4 6 8 10
ECMWF

the 24-hour forecast

[& 3.2018 ££EZ GRAPES #1 ECMWF ;REFIRHEX AR SN mE . BS, #E2FRA ECMWF
RILER, YLFRJ GRAPES LR, F—ITAMEXEAES COR, £

BA 12 PMETRMER, 4ok 24 DMETRAZE

1.0 2.0 3.0 4.0 5.0 6.0

ECMWF

1.0 2.0 3.0 40 50

ECMWF

—_—=

—17T

1.0 1.5 2.0 2.5 3.0 3.5
ECMWF

R FRIRZE RMSE, 2

Table 2. Test statistics of GRAPES and ECMWF geopotential height forecasts in the summer of 2018
# 2.2018 4F 2 F GRAPES # ECMWF U5 B HREI ST %R

JEIR

200 hPa

500 hPa

700 hPa

850 hPa

12h 24h
(SN
ME COR RMSE ME COR RMSE
ECMWF -1.25 0.99 2.62 —-1.11 0.99 2.57
GRAPES -1.3 0.99 2.62 —0.93 0.99 2.6
ECMWF -0.45 0.99 1.05 —0.36 0.98 1.05
GRAPES -0.2 0.99 0.87 —0.06 0.99 0.91
ECMWF —-0.25 0.96 0.71 —0.18 0.96 0.73
GRAPES —0.55 0.97 0.88 -0.7 0.96 1.02
ECMWF -0.37 0.84 1.13 -0.31 0.83 1.15
GRAPES -0.8 0.8 1.41 —0.99 0.77 1.6

ERF—ANul b, 43T 2018 425 Z0r 3 v BEIE I R IR T 41 5 0000 7 21 A DG, 15 20K 4. A
R DAE R, BAATE, ARSI, B T IR PR SR T R X, AR ARG R
B rE 0.9 DAL, TR E AR R H X AR O BB 2 AE 0.8 BUT, (HMAHXR RECERE, AT H &
FER TR SR TR E A I TR SR o 2 RORE, AR 12 h TR 20 45 AL T 24 h Tk
RMIEE R, HAERETEHHIX K2R T AR, 2EUCRE, EXHR)ZE T EZK 200 hPa A1 500 hPa,
ECMWF )45 5 GRAPES HI45 KA, =3 Z R BN ABLEXMRZILZ K] 700 hPa #1850 hPa, ECMWF
SERMLHAI G, HIX ML 32 SR AR FRE VE X
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Figure 4. Spatial distribution of the correlation coefficient between GRAPES and ECMWF geopotential height forecasts in
the summer of 2018. Rows 1 - 4 are the results of 200 hPa, 500 hPa, 700 hPa and 850 hPa, respectively. The first and third
columns are the 12 h and 24 h forecast aging results of ECMWF, respectively, and the second and fourth columns are the 12
h and 24 h forecast aging results of GRAPES, respectively

4.2018 fFE Z GRAPES 1 ECMWF U S ERXRH=EHHE. 1~4 175517 200 hPa. 500 hPa, 700 hPa F1
850 hPa FYZER . FE—FIFME =557 ECMWF B 12 h F1 24 h TIRETAILER, £ _FMEMFI5 75 GRAPES
B9 12 h 71 24 h FHRESREIER

T B AEMEIN L ECMWF #1 GRAPES (4558, 2xil 1714 5 B#us &l BRI LAE 2], fEXHR
JZH )2 1) 200 hPa #1 500 hPa, —# 17 FAHR /N, {HTE 700 hPa F1 850 hPa, W] ECMWF [¥AH ¢ 5%
KT GRAPES (45 #, 1M ECMWF [¥] RMSE JUJ/NF GRAPES 455, Bt ECMWF X} 51 2R E AL
Hm I TR BRI T GRAPES fI45 5 .

3.3. RNERTBRAIARO TR EEIXTEE

¥ 2018 £ 6 H 1 H~8 A 31 HMMAN AT RGEIZ AT BT, 287 2018 FEHFTHEAEAR
Eluh s FRER, B3E 3. NETITUER, FFHNiREE, ECMWF ££ 200 hPa FI{R{E 10 m/s BA |,
M7E HAl)Z R M WA% 5 m/s AL . GRAPES KIRELSEY/NT 1 nvs, WEM T ECMWF 458, 28
LR 45 SR T CAZE AR 96 23 COR AT ARIR 2 RMSE HIXTEL &I, BT ECMWF &5 R TRk i
.

ERE—N b b, 28T 2018 SE 5 2 KGHEI70& I U TR 2 51 -5 00 e 51 A e, 152811 6. MR
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Figure 5. Scattered distribution of correlation coefficients between GRAPES and ECMWF geopoten-
tial height forecasts in the summer of 2018. In the figure, the abscissa is the result of ECMWF, the or-
dinate is the result of GRAPES, the first row is the correlation coefficient COR, and the second row is
the root mean square error RMSE. The black dot is the result of the 12-hour forecast, and the red dot is
the result of the 24-hour forecast

Bl 5. 2018 £EZ GRAPES M ECMWF B SEMMBRAMB A0 HE. ElF, #HELRA
ECMWF HYZER, YR GRAPES MR, F—ITAMEXRN COR, EITAMARIRE
RMSE, ERRA 12 /MEFRHLGR, Dm0 24 NRTIRAER

Table 3. Test statistics of GRAPES and ECMWF wind speed forecasts in the summer of 2018
# 3.2018 £ E F GRAPES fl ECMWF RURTIRE I Git5R

12h 24h
JRIR L
ME COR RMSE ME COR RMSE

ECMWF —10.64 0.87 13.35 —10.59 0.87 13.29
200 hPa

GRAPES —0.38 0.99 0.86 -0.3 0.99 1.02

ECMWF =5.19 0.8 5.63 —5.13 0.81 5.55
500 hPa

GRAPES -0.35 0.98 0.59 —0.25 0.98 0.59

ECMWF —5.24 0.61 5.65 —5.24 0.61 5.65
700 hPa

GRAPES —0.14 0.94 0.58 —0.02 0.93 0.59

ECMWF —5.42 0.59 6.02 =55 0.58 6.11
850 hPa

GRAPES 0.5 0.89 1.02 0.75 0.88 1.2

AT HEANBEMANT EE ECMWE #1 GRAPES HI45 3R, 224 7 B 7 iosoS . WE A UG 3], GRAPES
HIAE IR REAEA R JZ R =T ECMWE 1945 3, M7 iR Z /N ECMWF 45 R, X 5T % 3 f
Kl 6 B4k A2 —E.
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Figure 6. Spatial distribution of the correlation coefficient between GRAPES and ECMWF wind speed forecasts in
the summer of 2018. Rows 1 - 4 are the results of 200 hPa, 500 hPa, 700 hPa and 850 hPa, respectively. The first
and third columns are the 12 h and 24 h forecast aging results of ECMWEF, respectively, and the second and fourth
columns are the 12 h and 24 h forecast aging results of GRAPES, respectively

B 6.2018 FFEZ GRAPES 1 ECMWF RURTIRHEX R M@ S E . 1~4 175579 200 hPa, 500 hPa, 700
hPa 71 850 hPa A44SR . SE—FIFISE =54 5% ECMWF A9 12 h 71 24 h FIRATSAIZER, E=FIMETTIH
%79 GRAPES #J 12 h 1 24 h FRESRAILER

COR , (3) 200hPa COR,  (b)  500hPa COR , (¢) 700hPa COR . (d) 850hPa
0 F 09 4 0.90 1 @4e, I
1.00 4 o, 8, {
0.90 08 1 e 061 %S 0.60
. %] %] %] °
= 0.80 4 F @ 0.6 1 F o ] =
% . % % 03 4 Q 0.30 q
~ 0.70 4 ° -%0.4- P &
0.00 4
0.60 4 02 0.0
0.50 00 4 03 1 -0.30 4
0.5(0.60.700.800.901.00 0.0 02 04 0.6 08 1.0 03 00 03 06 09 -0.30 0.00 0.30 0.60 0.90
ECMWF ECMWF ECMWF ECMWF
RMSE _ (&) 200hPa RMSE, (). 500hPa RMSE, (8)_ 700hPa RMSE (h) 850hPa
24 1 121 12 4 12 4
w 20 7 w m w
& 16 4 £ 9 & 9 £ 97
< < < <
-4 12 4 [~ -4 -4 °
¢ ° [CHP O 6 1 * © 61 .
8 4 e Qoo [ e e
44 o b 3 o 37 &9 3
4 8 12 16 20 24 36 9 12 36 9 12 306 9 12
ECMWF ECMWF ECMWF ECMWF

Figure 7. Scattered distribution of correlation coefficients between GRAPES and ECMWF wind speed forecasts in
the summer of 2018. In the figures, the abscissa is the result of ECMWF, the ordinate is the result of GRAPES, the
first row is the correlation coefficient, and the second row is the root mean square error. The black dot is the result of
the 12-hour forecast, and the red dot is the result of the 24-hour forecast
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