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Abstract

It is necessary to consider the spatiotemporal uncertainty in the accuracy evaluation of high-reso-
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lution numerical weather forecast products. Based on the precipitation magnitude, spatial distri-
bution and time distribution, a rainfall forecast evaluation method is established. The measured
data and forecast data of NOMIN River Basin in 2021 are selected to comprehensively evaluate the
NMCP model. The results show that: 1) In terms of precipitation magnitude, the relative error is
used as the evaluation index. The relative error of NMCP model in the first 36 hours is more than
0.8, especially for short-term strong rainfall prediction; 2) In terms of spatial distribution, neigh-
borhood method is used to improve spatial uncertainty. Combined with FSS score, the optimal
neighborhood radius of NMCP in the basin is determined to be 60 km. 3) In terms of time distribu-
tion, the time domain radius is introduced, and the optimal time domain radius is determined to
be 2 h in combination with TFSS score. The NMCP model in the first 48 hours has high prediction
accuracy for heavy rain and below, with FSS and TFSS scores above 0.8, and poor performance for
heavy rain. The evaluation method can better reflect the spatial-temporal distribution of rainfall
forecast data, and more truly and objectively evaluate the accuracy of rainfall forecast, providing a
theoretical basis for the future application of multi-mode integration and meteorological hydro-
logical coupling.
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PR L — BRI SR E VR R R A B

Dk, ME B RZE . A3 ) 40 A IR IR) /0 A 25 2 £ B R @ — B R R, JERA ik 7 idixt
NMCP 552 7E AT B 701X A TR R AT VAR, DA NMCP A5 (1 197 FF RN 22 50 il B2 1k — 52 14
IR HF o

DOI: 10.12677/0jns.2022.106109 970 £ R 22


https://doi.org/10.12677/ojns.2022.106109
http://creativecommons.org/licenses/by/4.0/

BN 25

2. AREXEBEEIBENA
2.1. HARXiE

PERBOT IR T R 22 S e B R A, ARG U1K B B 0k FLOR B R I B VA 2 IR SR I
O3 P SCIE NS, JE A 5 7 2 — BSCim 2 — o W O i3 A T AL £ 48°00'~50°30", R4 121°45'~124°35",
JB T KRS R, BERERIEN, AFEATE. MBNBEWNEEN. ERomAe], FEEG
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Figure 1. Overview of Guchengzi watershed
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2.2.1. FIREUEKIE

A YA AN R B /K B TR AR 9ok B T S 55 (1 NMCP B K £t . NMCP 2 1 PEis PR
S ABUE A RTINS R, BE R PR RS AEE AR, RENE A R AR TR 55 DA K B
EIHRE AR K R, FERRET K F B 57K BRI R A — 2 MR AT, A R B 55 B 2h ok FH i
IR . NMCP #34F H {H 5L (Universal Time Coordinated, UTC) 00:00 #1 12:00 & A, 3Lit 2 %, %t
AL BLES [E] 8:00 1 20:00, FHARETK N 72 h, BFEIZHE5A 1 h, 2[5 0.05° x 0.05°. ERIAEHE
F N fit 28784, ATF Visual Studio 2017(VS) ReadBinSingle J7 %347 # & % e .

2.2.2. SENEHERIR

S BRIk B o E S SRR HRE S S CMORPM (NOAA Climate Prediction Center Morphing Me-
thod) T2 543 [H 3 x 10* AN [ BRI ) IZ i B /K b & 7 o B 1) PP 2138 B S TR s b — 3, 2= )
SrHEE 9 0.05° % 0.05°. AHFFERM[17], CMORPH LA 5 A 2l K il & 58 BHE B K B8 F1 2 18] 0 A0 L
RE A% SE A (¥ S MR SEBRTE L, JFEUR R E IR & B KRS BE o AN TR Bk B 20 R IRl 7= o B 34400 7 [ B |
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2.2.3. HiEWMALIE
2 FRBE 75 1) se SRR e M, SR ER T 2021 4E 07 H~09 H Tk Eds 5 szl s . TR K A
SR 20 R WA i, LA TR RO A S B RO — 8, AR I PR Ia AR VS B T BT O
PREECH B 78 X V0 R e o S B S TR B FR I S T RN 28 SR RSP R, K A P AT X A
R R R BT 240K 75
3. BTN ER
3.1. BT MENF
WL R B A IR . RO E. RRbRdEZE. 28K 1h, 3h, 6h, 12h
PR EPIEE. BFEK 1h, 3h, 6h, 12h (BN R KMEZ[23]. FT oK iR A E S GER KR & R
Skl A, 5] NAST IR ZE XN E 3 TR BTN . VR 535 IEAR D, B R 4845
R

i,pre — i,obs

ARi:1—| @

i,0bs

A, AR BRI i /N B R AR 2, BUETEFEITE 0~1 2 W), HU(E B3R B TR SR e T ;
R pre SRR N TR BERT B R, g J9 RARERK T /N SN BERY . AEBURBHIE H 2R ROk 1,
3, 6, 12hfHER B A B R AR &, BUkiil, 3, 6, 12 fall.
RE, AR B SNRHEN BOTFM RS G, 132 MBIV TR -
AR = ZHB‘MZEH AR, *c, 2)

Rt ¢ R BOROP BT SR, TR VO VR AT, SR ISR AR . A
SCHEAPFEEUE, Hig =15 .

3.2. AN IER

w5 LB K S W A AR TRAR A A S E . Wil E S TIE . ¥R Z(RMSE) %5 [23]. BT+ /b
JUBE RS B K AAAE A B R 25 (B A A AN Y S, i 43 1 2R B A P P K TR A7 A SR B T i 2
TS P58 RMSE S54& Gukar 3 Fig b W5 Tt 2 ) 70 A — B BRI T3 21, S 805 70 HF 23 T U
PR T A A AR, TEIE R S B i 7 3R A AR s o R AR E AR I T AR s i, 51N FSS
PEA RPN A TR R 1 23 i) RO AR Ak, BRI A5 BRI PR TR 45 5 . FSS = ZEVEAR TR 5 ML T
MRz BACPRuT.

Q) W ESHRI bR, K 12 DR ERIY 8 7 ADNEHR(E 1), (H5 RN R AR WA
R KB IRE D, WMo AN RWNSR A — 1418, BN T KGR B LT3 BRI, %
AMgHE. R, € XEKRE G (k=1,2,3,4), HKIKHM 0.4 mm, 5mm, 15 mm A1 30 mm.

Table 1. Classification of areal rainfall

* 1 HRENSFR

T /NN N K AW REEW RN
<0.1 0.1~4.9 5.0~14.9 15.0~29.9 30.0~69.9 70.0~139.9 >140.0
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TS G TR AE TR 2 AP AR R 25, N T AR A S0 AN FRAR B4 FR A B 0 AT BV & RE RS, 51N ]
AR TR 2 AT RORIAL, R TFSS 320 KA A 1R 20 A5 PR 8 F5 -
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4. ZBREDH
41 HN=EREMHE

N T TR IR R TR RO RS S oA, A AR TR B AR S K R AT IR ROBETOR, R A
FSS $BbR VPG 25 (850 A1, R TFSS $BARPEAl i [] 43-f o

2 AR B K BB AN 2 (B R N NMCP #5001 FSS 1743 B & 2 T, FSS P14 BEAT I 42 1138
Kk, HIER—4ABEEEN, M2 BKBIERE K, FSS 1P k. NMCP BX7E/ M. AR
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Figure 2. FSS score of NMCP model under different precipitation thresholds and spatial scales
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7 0.67~0.73 2 [A], H1 [ FSS [FARLIEHITE 0.4~0.54 2 [8], $iH] NMCP #2056 H g A LR I Tl 6 4
FSS A L& Tk 23 hnim FRE, e 12 h (1) FSS PP (HEEE MoK B sgn, Fkag
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Figure 3. Time evolution of 12 h FSS scores under different neighborhood radii
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Figure 4. TFSS score of NMCP products under different precipitation thresholds and time scales
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4.2. 7R e FRIERR N G R

9 EVE RO T TR 2021 45 07 A 17 H 1 HFE 2021 4E 07 A 20 H 0 i 72 h fENEFE. NMCP
AR 12 h IR 19k, $%FIH 0~12 h, 12~24h, 24~36h, 36~48h, 48~60h, 60~72 h £ NMCP
23N 6 B, 2 icfE NMCP12, NMCP24, NMCP36, NMCP48, NMCP60, NMCP72.
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Figure 5. “7.17” Guchengzi watershed precipitation process cumulative precipitation distribution (mm/3d)
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R ERACRAERTET 13 h N, FREEE S LI S m il Se bRt Bk & . i 5o B a4 21
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Figure 6. Change of hourly area rainfall of “7.17” Guchengzi station (mm/h)
6. “7.17" HITFuLER/ETERNE AL (mm/h)

MFE 2 FET LI, E A B BRI K E A, NMCP12, NMCP24, NMCP36 & & fili T SEBR /K
&, NMCP60, NMCP72 &I AU & H{%A, NMCP48 RINEF. /£ BRI A 1h, 3hFl6h [FEKET,
NMCP12. NMCP24., NMCP36 L5 s:hrff/KW)& B LF, ARET 1; NMCP48, NMCP60, NMCP72 B
SRR KR, ARFEA/NT 05; £ RBUEK 12 h FFKEH, 1736 h AIREIERI SN, &
36 h RIUCHEA - Z5E M PPN TEAR, BT 36 h THHRAE AR 4EHF7E 0.8 LA I, KE5suil—5, JuH
XoF 1 T R o T TR P A i o

Table 2. NMCP cumulative precipitation and relative error in characteristic period and whole period

3% 2. NMCP EFHHERTER AL BTERPEK B IR FEXTIRE

NwC NMCP12 NMCP24 NMCP36 NMCP48 NMCP60 NMCP72
Pan 51.490 72.600 75.030 66.750 55.190 44.360 36.800
Py 5.250 5.440 5.160 4.250 2.560 2.150 1.620
P3 14.080 15.120 15.290 12.180 7.450 6.420 4.610
Pe 23.880 29.040 26.810 22.820 14.730 11.340 8.330
P12 34.680 44.990 43.320 37.620 28.020 19.260 15.500
ARy 0.590 0.543 0.704 0.928 0.862 0.715
ARy 0.964 0.983 0.810 0.488 0.410 0.309
AR3 0.926 0.914 0.865 0.529 0.456 0.327
ARg 0.784 0.877 0.956 0.617 0.475 0.349
ARy, 0.703 0.751 0.915 0.808 0.555 0.447
AR 0.793 0.814 0.850 0.674 0.551 0.429
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Y S HOR ISR, BEE 60 km AAIEEAR, 2 h AR IR, 5 HASF R BN §) FSS
PEA A TESS 43, S5 3 3 fos. HE& 3 mlAl:

1) NMCP P& [ TRAS FELEAR R TR VP2 ik b Bl 5 B W0 R R 3G R PR, X — 45 R AR
SGuih S r .

2) TR KT/ R R R 0 PR FE R, T/ INRN ) FSS AT TFSS P4 JEA4EREAE 0.9 LA L,
XA FSS AT TFSS PAr7E 0.8 fidy,  HLTHUARNE B Bl TR i 20 R AR AL e sl B e/ o %K RN, FSS
A1 TFSS ¥ LS TH G PRI S, ET LI 48 h I IARIfE, 48 h J5iTF0ilad FF%, 72 h(#) TFSS iF
531X 0.154. I T2M, FSSANEIEH GBS, £ 48h k255, 40540, 7£ 48 h 51 FSS ¥4
0: i TFSSAXAE 24 h KT 0, FAhE Beds) R IR TR A I 76 42 43 25

Table 3. FSS and TFSS scores of NMCP in different forecast periods and rainfall levels
= 3. NMCP EARREITLEA. TREIFEMFRA FSS 5 TFSS T4y

FSS ¥1-47 TFSS V¥4
T

N R KW W N R KW W
12 0.938 0.840 0591 0.375 0.917 0.817 0.735 0.000
24 0.940 0.850 0.604 0.347 0.919 0.739 0.781 0.435
36 0.886 0.844 0.668 0511 0.912 0.804 0.819 0.000
48 0.884 0.768 0.727 0.540 0.912 0.782 0.880 0.000
60 0.898 0.740 0.562 0.000 0912 0.770 0.506 0.000
72 0.965 0.764 0.266 0.000 0.959 0.741 0.154 0.000

5. &g

R BB THRATAE — E I A e, BRI MW TERAR bR PR 25 . IR, CSI 14>
S BT Jo 2 R WU TR ) 2 (] 2540 5 RBEAR A, S EUIRA i 7 e R TRORS B, T S Ttk
TR s Rk, FEAKEIL. 2 a) 43 A AN (8] 4347 22 £ Bt R 2 S [ 9 PR VP A 7V 38 BT 0]
WA AT R G, R BRIV R R NMCP #2047 T3 50 AEER b, et
IKRHERT BRI B RS PR T N &, 5 AR ZEAE AR fabs: £S04 b, SRA AR5 NMCP
P KRR S, 2R &5 e AR LK FSS, 3] 60 km 1 ABALARR AR, ERF 946, 5
NI [R] 42 2% R TR i [R) R 22, XFbE TFSS S [ 2 i, ik 2 h AR a4

IEUL TR “7.077 SR K AT b EREK R0 AT E, BULIATE 36 h YT
HH Re AU S B K A (8] o0 A, AR RIBLH KA, /NEEifh . EEZ b, BT 36 h FREUE AR 4
FEAE 0.8 DL L, REUSIHL—F,  JUH G HE I 5 5 7Y 2 RO FE sy FERT 284040 1, NMCP X RN 22
DL BB A T S R e, FSS FI TFSS vF4r317E 0.8 B s X 1K™, FSS HI TFSS Fifi 1 WL 3 ) e
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