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Abstract

The accuracy evaluation of quantitative rainfall prediction is still an urgent research job in the world. So
far, there is no single index or test method can objectively and independently describe the reliability of
rainfall forecast results. In order to provide more reference information for the hydrological and me-
teorological coupling forecast, a complete set of evaluation indexes for precipitation forecast was estab-
lished by studying with the existing rainfall forecast accuracy assessment methods and the evaluation
indexes used in flood prediction. The Qingjiang river basin was chosen as a case study to compare four
different meteorological forecast models’ performance in rainfall forecast by using the established in-
dexes. The results showed that the manual forecasting and the ECMWF model have the better effect on
rainfall forecasting, followed by the Japanese model, while the WRF model is relatively poor.
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H RTET X FEK TR, 525 1 S EUE TR A AR 2, A O U(ECMWF) . HACEE . [ A
T639 i3, WRF 5%, RN %3850 55801 TE S 25 % P RUE K TR 20 dh A 2Rl b, ) i e 22
KO TR, DARSSATTENE, 56 Bk AR HIE I F A AT K B . 1A 2 (R K B i, 7t
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Table 1. Comparison of different rainfall forecast models
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Table 2. Grade of rainfall
< 2. EEMFRE
374 B35 (mm) 373 B35 (mm) &3 {E 35 (mm)
Bt <0.1 N 0.1~5.9 i 6~14.9
N 15~29.9 | 30~59.9 KR 60~149.9
LEPNE | >150.0
r= Z(pol pm)(pfl pfl) (1)
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Ot R R K PR B AR B, b AR B B S I R PR VIA G, R, R R
R, WL RE TR PR A R AR P I R A AT R UG S A S SO E . 9 A A TR
Rr98 FEAR B PP BRI R B PR R IR 22 . MR IRZE S PR IR R 20 A1 LI 1 35

4. SEBIMA

B LR ), I g ST B FE bR AR ER A T VR AG B %8 K B K TR BE T . TR VLA T AR &
108°35'~111°30', ki 29°33'~30°50' ], IR EIFIZI A 17,000 km?, 4 423 km, 742 1430 m. HLFRA7 E
& Tz or s R AR A s, AR L KR S, S P ARG, A P A R BRI EMOK R, TR A E IR AR T AR
FEKMEKR; MSREZN, BRIPGEERSEX, KRFEEREARMPE . EEMRE, a7, 2K
SIMIEH BAFA IR, RKILRRNZ WX 2 —, BN —MKE 4 A6, 9 AR, Z4-FHRKE
1400 mm. IR P AE TSR RHAE 15°C~17°C, 2 2RI 870 mm,
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41 EREHESE
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Figure 1. Grid distribution of output points for meteorological model in Qingjiang river basin
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FHEIII(5~10 A)E— b oK imon e, R i & Ah PR Tho™ ah B R AR B . BT FUlicsR A
. ECMWF Bz, WRF BRI A T45A BB LA 2015 42~2017 AEUHMIE H (UL 1R, 2 K.
3 R) PR FURAE, R SCHERE PP € TTVE MR R FO0 LRSI A 1 & B 1 P B 0 BEAT SR 5 VP A

4.2.1. TIRMEE R &S

RFAR SR R 5 B AR R 91 5 S DL R R AR AR SRR L, TR FH 8 0 1k AR HOOP Al 45 T 3R 81 5 500
ROV SRR, 48R 3.

HIZR AT &1: ECMWF #30H WRF BTk 2515 SSOLIIA AR 5 N TER i AT, H A AR
SEZE, WA 1 d B, SRR DG REUITE T0% 0L 1, B FOLAMIEK, SR R 415 el b
RO RIE L B T e, SRk R AR E M RECH 545 ROFA AR, X BB i T MK ARS8
B, HEoKERR -IEBNKNRRGR, STURBER M H i EE S R 5 8E AR S MR K ik
A HUE LR, B ECMWE BN TEr B sk a5 R B, HARE R Z, WRF B 5 2= .

4.2.2. EMEBSRER D
SR (VLI =S5 P ES R briE, ERERRI NN AW, B, KW, BWELE
LSRRG, WIEFR., FSIREMIRIRE SRR S TR G T A R, kg RS Wk 4.
BRI AT s TR G AN/ B, DUAR R ) TR A e e iy, bt o RO T D0 B O 38 I, A A
RE TS, BN, MRREEUAREE DN W TR EE, %K ECMWE 52 IE i 5
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NIRRT B, SR Emr, ANTZRafial. AR, WRF BRI HUHR R &%=

423 BEBRESH
(1) P8R /iR 22
BRI DA BRI, DMK, ANERFF SRR, PR N ZEE RSN E, 8 B =Rk
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Table 3. Overall assessment of areal rainfall forecast over the Qingjiang river basin
= 3. BILEMETIREAITEE

AHR A 3L i 7€ T 2 K (%)
B AR
T 1d TR 2d TR 3d TAH 1d TR 2d TRH 3d
HA 0.70 0.53 0.48 475 29.0 10.9
ECMWF 0.82 0.77 0.69 63.3 426 25.3
WRF 0.72 0.65 0.62 22.0 20.1 18.8
PNIRZ S5 0.72 0.71 0.62 48.6 46.5 35.7
Table 4. Forecast score of rainfall for different grades over the Qingjiang river basin
4. HIIREAEIFRERTIRTESRERLG: %)
T /INFR T K FW
TR L <0.1mm 0.1~5.9mm 6.0~14.9mm 15.0~29.9mm >30.0mm
BRI AR IR IEM S SR IR B SR IRIRE B SR RlE IEmE THRE IR
1d 758 00 242 598 274 128 304 435 261 450 375 175 500 500 0.0
HA 2d 500 00 500 514 291 195 185 646 169 259 621 121 191 810 00
3d 642 00 358 569 276 155 208 528 264 320 540 140 100 900 00
1d 8.8 00 132 596 325 79 321 449 231 425 400 175 421 579 00
ECMWF 2d 807 00 194 588 322 90 250 538 213 413 457 130 417 583 00
3d 742 00 258 569 333 97 295 487 218 435 478 87 429 571 00
1d 737 00 263 606 268 126 269 463 269 316 579 105 429 571 00
WRF 2d 677 00 324 597 274 129 257 527 216 298 596 106 333 667 00
3d 647 00 353 573 264 163 209 522 269 156 756 89 250 750 00
1d 774 00 226 656 195 149 338 500 162 426 447 128 526 474 00
NTLE5E 2d 679 00 321 618 221 161 191 631 179 360 520 120 455 546 00
3d 671 00 330 599 254 148 235 519 247 333 539 128 389 611 00
Table 5. Quantitative error statistics of rainfall forecast over moderate rain and above
5. HIIREP R L FRERTREEIRES I
. R 2 (%) SEI R RAR ZE (%) Tt/ N 2 (%) PN 1% 72 (%)
HOLH HA& ECMWF WRF AT HA ECMWF WRF AT HA ECMWF WRF AT HA ECMWF WRF AT
1d 26.5 388 364 298 530 68.3 840 529 727 595 628 694 462 38.4 462 472
2d 16.8 384 40.8 33.6 91.7 74.7 88.1 582 83.2 61.6 59.2 66.4 62.5 427 575 511
3d 33.3 41.7 36.7 29.2 87.9 625 116.7 544 66.7 58.3 625 708 55.9 48.4 59.9 58.1
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B2 5 AN (1) SRR LA EEg, TRk /NRAE 50%L b, BE K T K GITE 30%LL F): (2) &
QP 35 (/N iR ZE7E 38.4%~62.5% 2 1], Fifi 5 T LI B0 34 0, A 55 3 ke 34, A LU &, H A0 ECMWF
QAN T 48 BB A AEAS [F) T30 P9 i /N iR 22 36 A 2, ECMWIF B /s () A4 X 1 ¥ KR 22 7E
53.00~116.7%2 ], K T-F¥fhi/Nizzs, Ui EIRDU RS TR I RIS S Eb, H— Bk moR, FoaR 7 o
ANRZETR, WS, HABEA WRF BECTEA [F U0 R R 280K, ECMWE Bz, N LRG0
/e

(2) PRIERIRE

o T S AR R GRAE 2 1R 22K, 32 AT IR A R 5 30 S A B x QR VL T Y & P R TR R R ZE AR IE 2R, 45
B 6. HFM: 1d HILWIHN HA, ECMWF #3. WRF #i20. A T 2541 0% M TR 8006 fIE % % 45l
7£ 5.6 mm. 5.4 mm, 6.7 mm. 6 mm EAF, DYMBLAZERIA K ; 90%LRIEZ 1R 7 43 AiI4E 9.8 mm, 9.1 mm. 12.1 mm.
9.7mm PAF, f#IEZ 95%~100065F N [ i 25 18 KA p o

2457 1d PO SR B R Pl R 22 ORUE SR M 2o oA . BRI, EFURIN 1 R, WRF
AARAE R MR A7 B e /23, TMRRVCN A AR, N T4a8E . ECMWF B3, 1 BI7E FFAER N WRF #
WERK, HABRIKZ, N4 AR ECMWF BN,

4.2.4. SEREMITEA GRS

1 UL R AR BB TR K FE . — R BRI P > 50 mm HLFR HAS R 2 i BT ah A 4h
WHEIHMNE > 2 mm; EREESRDERRHREEKRT 10 mm. ZIFR#E, M 2015~2017 FHUH TR
SEIREL 6 VCIRPF AR, HIEAE SR 7.

S AE 13k DU AR R0 R 2 7 BB G AR H 24 h TS B %, S FR TR A . i R uh A

Table 6. Guaranteed error statistics of rainfall forecast over the Qingjiang river basin
= 6. JHILRIYENTIRRIERIRES T

TS TR 1 d 52 (mm) FRILIA 2 d 52 (mm) FILHA 3 d 52 (mm)
(%) HA ECMWF WRF AT HA ECMWF WRF AT HA ECMWF WRF AT
50 11 11 15 1 23 14 17 18 1.9 14 23 18
60 2.2 18 25 2.2 44 2.4 31 2.7 33 22 3.7 2.7
70 36 33 38 35 6.8 42 5.4 44 56 4.4 6.1 46
80 5.6 5.4 6.7 6 112 6.5 8.8 6.8 8.9 7.3 10.8 7.4
90 9.8 91 12.1 9.7 18.1 10.8 147 10.7 15.7 12.3 19.1 114
99 47.9 36.2 60.6 45.4 55.4 46.5 53.4 415 50.1 49.4 75.7 465

Table 7. Overview of heavy rainfall processes
7 7. BIEFTIEHL

R A H TR TR & /mm R Ry H %d H P &=/mm R H BERY & /mm >10 mm N H/d
15.5.26~15.6.5 98.7 8 12.3 35.8 5
15.8.15~15.8.20 66.4 6 10.1 32.1 2
15.9.17~15.9.20 62.5 4 15.6 35.8 2
16.6.19~16.6.28 185.7 10 18.6 63.4 6
16.7.18~16.7.20 139.9 3 46.6 111.2 2
17.7.5~17.7.10 115.1 6 19.2 70.3 2
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BB R EAT 2R 56, 459 L4 8.

RS 8 TIAT, DU B RN POl A s SO0 AR O oK O /1N 81546 A4 TR
EREA TR R, SRR EBIRA R 2 E—46.4%~29.5% 2 1], “FHIAHRHREZ 17.5%; ECMWF #37K
2, T RR TN R TR AR XS 15 22 7E-29.4%~49.1% 2 [H], ~F-IJAHXT 1R % 21.3%; WRF #8045 R %, 12 e m s il
TRAFNT 15 2 76 -39.9%~48.6% 2 8], “F-HIAHXT 1% % 30.4%.

3 LhH 1 “2016.6.19~2016.6.28 7 5 FY ot A & AR U A AR o Hh BRI RT A, AR P A R SR
KRR RS, (HRE N AR LSk, A RN S, A LR AR Tl 72 58 20 sl i 72

BRI 22 R A AR 2257, Herp N 4R
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Figure 2. Guaranteed rate curve of rainfall forecast error for next 1 day
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Figure 3. Comparison of forecast results over the “2016.6.19-2016.6.20” heavy rainfall process
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Table 8. Quantitative error statistics of rainfall forecast over heavy rainfall processes
= 8. BEILRIEMEMEETIRIRES T

H A ECMWF 2, WRF #i3{ N T4

R WREFR TR AT RETHR O BER X SRETR BER X SRR BER FRXT
BEmMmM) RZE(mm) RZE(%) BEmMm) RZEmm) RZE(%) BEmm) RZEmm) RZE(%) BEmm) RZE(mm) RZE(%)

15.5.26~15.6.5 86.3 -12.4 -12.6 99.0 0.3 2.4 82.8 -15.9 -16.1 87.0 -11.7 -11.9
15.8.15~15.8.20 61.5 -4.9 -7.4 57.2 -9.2 -13.9 83.8 174 26.2 86.0 19.6 29.5
15.9.17~15.9.20 41.8 -20.7 -33.1 80.0 175 28.0 87.0 245 39.2 68.0 55 8.8
16.6.19~16.6.28 195.6 99 5.3 276.9 91.2 49.1 275.9 90.2 48.6 185.0 -0.7 -0.4
16.7.18~16.7.20 61.4 -78.5 -56.1 98.7 —41.2 -29.4 84.1 —55.8 -39.9 75.0 —64.9 —46.4
17.7.5~17.7.10 64.0 -51.1 —44.4 109.6 -5.5 -4.8 129.1 14.0 12.2 124.0 8.9 7.7
TR 29.6 26.5 27.5 21.3 36.3 30.4 18.6 17.5
5. i

S WK PR B VR E TS, A G I M BRI A, SRa it —EReE e L
e P R TR A B R 150 T OK TR PP FE AR R R o S8k, BRI LA IS VLRI DO A (H A
ECMWF. WRF. ATZEe) TR TR bl RT3 A PP i b 1A 2 00T 255 2 o R TR B2 B iR 22 7K
SO HTRHEAT T SIS TR ER, A BT A N LR S ECMWE R07E A iy DL b B8 R TR IR A 2% L fRIE SR 72
50 A R AR TR A5 5 T AL 1B AR SS s B TR R e, OO H AR, WRE BEUARR 8% . Kk
ME, WARCIRME MR, 2RI R BA BN A, RE0 S e & BRI AR, Bk
SN VIS AT

E&WE

[l Br AL A 1E % 11 (2014DFAT71910) .
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