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Fig. 1

Monthly root mean square error, mean absolute bias and mean bias of

provincial precipitation real-time analysis product interpolation results to

observations of all verification stations from Sep 2022 to Aug 2023
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Table 1

Bias and bias rate of provincial precipitation real-time analysis

product at different hourly precipitation classifications
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Fig.3 Spatial distributions of bias and bias rate of all verification stations for moderate rain and rainstorm
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Fig. 4 Hourly root mean square error and mean bias of provincial precipitation real-time analysis product
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real-time analysis product from 2000 BT 29 Jul to 0700 BT 2 Aug in 2023
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Fig. 7 Hourly root mean square error(a) ,precipitation intensity(b) and estimated precipitation at Xincun,

Fangshan(c) in provincial precipitation real-time analysis product

from 2000 BT 29 Jul to 0700 BT 2 Aug in 2023



%31 X SCTY 5 A R K S0 A3 BT 7 i E G XA 3 PR T 369
70
(c) — PRl EE SR
————— il
60
/‘;\50*
=
E 40
E
B
%30*
%
N !
10 \ i
\ I
Y \ . IN
0 \\\\\\\\\\\'\ I — ~ S \\\/J\\M
S o 2 2 2 9 2 9 2 9 2 9 2 9 9 9 9 2 9 9 9 2 O 9 9o 9 o o
S L L L e e e e e Le e L e e LeeRe29<2e=-=
S h A Y B A F DS A A Y ® oA F NS Nd Yo ® o~ F NS oA Y
A N 5 & 8 = & = a5 8 8 A~ =885 838 A4~ = aa«ao o
E O EEEECEENLCECEECEEBREECNEEEREERELREESE
A A 8 8RR ISR SRS o mmmmmmmmmoos o o 5 8 0 0 8 8
IS S S S S SN S S S S o S S S TS T SRS S S NS S S Y
S S 5 5 5 5 5 5 5 6 5 5 o &6 S 5 o oo 838 &8 &8 3838 3 838 3883
ki)
ZLE 7

7 J1 31 H 11:00 48 G R K S50 53 B 77 it 19 g 7K i 8
7 111.8 mm « h™ ', UL A4 B 7K BE BE A 114, 2 mm »
h™',7 A 31 H 18:00 44 G 7K 52 B8 43 B 7= b 1) B 7K
PR CH 1050 2 mm ¢ h ', W OB oK 5RO N
107.0 mm « h ', N UEAE 5 0000 — B, x5 1L IXOBr
kA B S Gl BE K B AT 28 B 7K S B 43 BT 7
(18 A 5 UL e e Ak B AR —3.7 H 31 H 11:00
LS5 A8 G 7K S A3 AT 7 it AR A 3 B 308 A 00 0 i 1K
BRI HT B K iR 678. 4 mm, M 2
FURE K R 879. 9 mm, B ) FH 44 9% [ 7K 52 52 43 M
77 st 9 e K B A B ROW R AR 24 22. 9 %%,

7o

3 %

FIHI 2022 4F 9 H—2023 4F 8 A 4t 50 Hb X 3% /)
B B8 7R UL 5 4R+ DA R K B 38 H R 22 (A TR B Kt A5
LN B 2% . 2023 AF USRI 25 R <23 o 77 i
R 7K 2ot A 45 22 15 T X 48 G e K S 00 0 BT 7 T I
PEFN— SO AT PR AL L R 2 i B A B A A ik
PEALIRYE . BB R BT .

1) B YA S B 43 A 77 i i 4 7 iR 25 8 2
1 mm, LR 2T 0. 16 mm, 5L st X A
Bl WL 45 S 422 30, AE A 5t b DX W8I i 1
SRR BT SR FH A8 G B 7K S0 40 BT 7= i

2) AR TZ I 43 BT 7 il R 15 25 B R K 4
S 11 15 JTTHE K /N F A5 R K R A L R T AR K
R K B B ARAG . D 25 25 18] 40 A 22 57 W 4, 8 R IX £y
i 22 e K, B X IE i 22 e K

3) fE 2023 4F YL 5T b X 4 G [ K 52350 4 #r
7 dil BB LS R W B K L AR L A R K AR Y 2
IR ZEB R ML 2 mm, KGR K o 7 17 33
TR ZE N 0~1 mm; FEKHFLE I ] 4, 4 9%
IKSZ B A3 A 7 i 25 8 G B Bl R BE R 5 B0k
iR 2K .

4) XFT23 o 77 v R K G AR L A R K S
A3 AT 7 i 0 235 T8 40 A1 5 00 0 35 AR PR 5 — B0 B K 0
(B 11 23 (RIS T S 300 22 , 28 90 7K S 50 3 BT 77 i 1)
WA A H BAE B SF DX T ORI i {5 H B s 10 X5 48 4%
Rif K S B0 4 BT 77 i 1 I K i B A Ak s B4 5 0 ) —
.

25 bk, A8 G K SO A3 AT T A G X
WEBR MR = . RE T M S W R K 1 253 TR 43 A REAE
ALK Jr b P A 25 TR 08 A 3 AR B UL O AIC . A R B
FRAEBIF 73 (X A b BRI L 326 438 5 A0 10 9 /K 22 3R 25 (i)
AlA T, HE A R K S LA BT T RS B

2 % X Wt

(1] &S &Y, SEE, % ZHEILEIEaE R 8T8 & o
. K42, 2019,77(4)  774-783.

Shi C X,Pan Y,Gu J X,et al. A review of multi-source mete-
orological data fusion products. Acta Meteor Sinica ,2019,77
(4):774-783.

WO AR A AL AE CMA T 43 3 3R i 1 48090 W) 4k R 52
(HRCLDAS-V1. 0)WF & Kotk . R B HE . 2018, 8(1) «
102-108.

2]

Han S.Shi C X, Jiang Z W, et al. Development and progress of

high resolution CMA land surface data assimilation system.



370 AN I I 5 35 %
Adv Meteor Sci Tech ,2018,8(1) :102-108. (120 bok, Rpl. ety . 55, 2 il R oK S B0 23 7 i £ T 22

(3] W0, L, T 0 0 55 6 T IR 38 1 77 122 43 A7 10 o 1 DXt MR T AT R oY IS AR VRS R L R R WA, 2023, 43
TV 5 T A I 0 I A K A i . RO iz, 2012, 70 (1):111-118.
(6):1381-1389. Du B, Wu W, Huang X L, et al. Applicability assessment of
Pan Y,Shen Y,Yu J J.et al. Analysis of the combined gauge- merged precipitation real-time products in the process of flood
satellite hourly precipitation over China based on the OI tech- disaster in Baoxing, Ya’ an. Plateau Mountain Meteor Res ,
nique. Acta Meteor Sinica ,2012,70(6) :1381-1389. 2023,43(1):111-118.

[4]  FEWTs, LHE 1R 0, 25, B30 98 32 DG JC v X vl ] X4 T2 A2 g K (18] SBJW, Je At S VLI, S5 DU AP B K R 7 it 16 DU 1 2 1 5
BRI MO B TS A . 2013,24(5) :544-553, WA A S T RO LA R SR L R RS 2021, 41(2) < 42-
Yu J J,Shen Y,Pan Y,et al. Improvement of satellite-based 52.
precipitation estimates over China based on probability densi- Guo X,Long K J,Fan J L,et al. Comparative assessment of
ty function matching method. J Appl Meteor Sci, 2013, 24 four merged precipitation products in a sustained heavy rain-
(5):544-553. fall process in Sichuan. Plateau Mountain Meteor Res,2021,

[5] BRI, 220, 0. T RO 455 = e /K 1 4 56 37 Af 32 Je &% 41(2) :42-52,
R, AR R R 2021,11(3) :155-164. (141 SRVt al, WREE3S 2 K20, 45 WA Al /K S0 43 T 7 B A 1L
Chen H M.Li P X,Zhao Y. A review and outlook of verifica- 7R Ml DX A0 A PR PEAL L VTR RS 4, 2023,43(2) 1 100-108.
tion and evaluation of precipitation forecast at convection-per- Zhang Q R,Chen Y L,Li C J,et al. Applicability evaluation of
mitting resolution. Adv Meteor Sci Tech ,2021,11(3):155- two merged precipitation analysis products in Shandong. J
164. Mar Meteor ,2023,43(2) :100-108.

[6] skuk. M Im, A 78, 5. E bR 320 2 U5 Rl G B 9200 ™ 5 i B [15]  FEDR A& A dk, 2. SR KB =P B Bk AR %
FEEIE SR, SRR, 2022,12(6) : 16-27. 58 . B AR AR 2024,35(1) :80-89.
Zhang L,Pan Y,Gu J X, et al. Advances and outlook for in- Huo Q,He W C,He L,et al. Design and application of algo-
ternational mainstream multi-source precipitation merging rithm intensive environment for CMA big data and cloud plat-
products. Adv Meteor Sci Tech ,2022,12(6) :16-27. form. J Appl Meteor Sci ,2024,35(1) :80-89.

(7] kB, sk354, Z0me>5 , 45, “23 « 7748 b 45 R 2% WO B50(E T4 A [16] HRoes, RE  BUATE . 6o dh IX R K i 28 40 A LA S . T
BTl BG4, 2024,35(1) 1 17-32. X, 2006,29(2) :186-192.
Zhang B,Zhang F H,Li X L,et al. Verification and assess- Xu Z X,Zhang L,Ruan B Q. Analysis on the spatiotemporal
ment of “23 « 7” severe rainstorm numerical prediction in distribution of precipitation in the Beijing Region. Arid Land
North China. J Appl Meteor Sci,2024,35(1) :17-32. Geogr,2006,29(2) :186-192.

(8] BRUIK BRI, T8, 5. BRIT =AM « 7B i 5% FH RS 40 080 (171 Sesf,FE AR, R, & BT/ BES I 5t X 1724 ~
FEAE RO TR 2441, 2024, 35(1) ( 1-16. 2009 AR FE K 1 2 ROE S BT, 7K 3C,2012,32(3) :29-33.
Chen X L,Xu T,Wang R,et al. Fine observation characteris- Guo G X,Xin B D,Zhu L,et al. Multi-scale analysis of annual
tics and causes of “9 ¢ 7” extreme heavy rainstorm over Pearl precipitation in Beijing Area from 1724 to 2009 based on
River Delta,China. J] Appl Meteor Sci ,2024,35(1) :1-16. wavelet transformation. J China Hydrol ,2012,32(3) :29-33.

(9]  AUSlsEs, 208, B8R 25, B R P R 20 M re S AE L 05 b [18] Zhou C S,Li H C.,Yu C,et al. A station-data-based model re-
X 13 PP 4 . <%, 2019,45(9) :1288-1298. sidual machine learning method for fine-grained meteorologi-
YuJ W,Li C,Cai N H,et al. Applicability evaluation of the cal grid prediction. Appl Math Mech ,2022,43(2) :155-166.
national gridded real-time observation datasets in Jiangsu [19] =AWkt 2805 .55 R T HANZBEFENHFEBE I
Province. Meteor Mon ,2019,45(9) ;1288-1298. HWR /5 28 Ji RSB 2011:1-7,

(100 JuAnf s , Ui 78 el i, 46 vl ) DXk o 2 0 UL B2 S L ol 5 4% Yuan S, Yao Y Q,Cai H,et al. Lightning Movement Trend
SO MR A R4 R MR A F AT, 2019, 39(3) ¢ 67- Prediotion Based on Radar Storm Tracking Information//Proc
74. of 28th Annual Meeting of Chinese Meteorological Society,
Long K J,Shi C X, Han S, et al. Quality assessment of high 2011:1-7.
resolution temperature merged grid analysis product in Chi- [20] Z=H%E BEA . 5 &y 1, 25 CMA-GFS = 1 4R (19 i 22 23 A 45 1E.
na. Plateau Mountain Meteor Res,2019,39(3) :67-74. B A %241, 2022, 33(5) :527-540.
(110 Jets A8 208 DA 7y . 4. 20 e /K S 0 Rl 45 7 o 16 1Y )1 — Li Z,Chen J,Ma Z S, et al. Deviation distribution features of

YBR[ R i P B TP w8 L RGBT AY . 2020, 40(2) £ 31- CMA-GFS cloud prediction. J Appl Meteor Sci »2022,33(5) ;
37. 527-540.
Long K J,Gu J X, Shi C X, et al. Quality assessment of sever- [21] Prein A F,Langhans W,Fosser G,et al. A review on regional

al merged precipitation products in a heavy rainfall process in

Sichuan. Plateau Mountain Meteor Res,2020,40(2) :31-37.

convection-permitting climate modeling: Demonstrations, pros-

pects,and challenges. Rev Geophys,2015,53(2) :323-361.



%3

A SCTF A < A GRIE K SE LS AT 7 i A AL T X I T ST A 371

[22]

[23]

[24]

[25]

[26]

[27]

Love B S, Matthews A J, Lister G M S. The diurnal cycle of
precipitation over the Maritime Continent in a high-resolution
atmospheric model. Q J R Meteor Soc,2011,137(657):934-
947.

TRA A B A T L 4. 3T CMA-B] A b 50 st X i o [
KBRS BT AR 24, 2023.34(6) :641-654.

Xing N,Zhong J Q,Lei L,et al. A probabilistic forecast ex-
periment of short-duration heavy rainfall in Beijing based on
CMA-BJ. ] Appl Meteor Sci +2023,34(6) ;641-654.

JAVKE A W0, 58 52, 46 ol a0 S IS T8 R B RN R R e
K AR AR 244, 2023.34(6) - 717-728.

Zhou B X, Zhu L F, Wu H, et al. Accuracy of atmospheric
profiles retrieved from microwave radiometer and its applica-
tion to precipitation forecast. J Appl Meteor Sci, 2023, 34
(6):717-728.

I S L B, FUEE L AR 2 m RAE T IE ik KR AR
JE PRBEIX B RE L. L AR 24410, 2023, 34(4) : 400-412.

Qiu G Q.Shi S Y,Wang H X,et al. An integrated correction
method for 2 m temperature and its application to Yangqing
competition zone of Olympic Winter Games. ] Appl Meteor
Sci»2023,34(4) :400-412.

B R, BAE A, 5. CWRF 81 7E 3 5 7 4k uify %
FRAEI YR 2297 1E. B TR 2440, 2019.30(2) - 223-232,
Dong X Y,YuJ H,Liang X Z,et al. Bias correction of sum-
mer extreme precipitation simulated by CWRF model over
China. J Appl Meteor Sci +2019,30(2) :223-232.

KUK A L e AR AE L AL 2017 AF 95 B — YRR KR W R 43 R
FML R AFAE T, TR BE22,2021.41(3) :386-397.

Zhang B,Zheng Y Y,Shen F F,et al. Characteristics and sim-

ulation of a torrential rainstorm over southern Jiangsu in 2017

[28]

[29]

[30]

[31]

[32]

revealed by a high-resolution numerical model. | Meteor Sci »
2021,41(3):386-397.

XUABER , 8 A5 1 , SRR L 5. T RIR B Y 4 JLFE X R IR BE
R AALITAS . DL B2 4, 2022,33(2) 1 129-141.

Liu Y J,Huang Q Q,Zhang H B,et al. Refined assessment of
wind environment over Winter Olympic competition zone
based on large eddy simulation. J Appl Meteor Sci.2022,33
(2):129-141.

S AT 8 L ARBE L UKL A CMA-B] V2. 0 R G4 6 IX [ K
AR e RE T . BTG5 410, 2023, 34(2) :129-141.

Zhang S T,Zhong J] Q,Lu B,et al. Performance evaluation of
CMA-BJ] V2.0 system for precipitation forecast in North Chi-
na. J Appl Meteor Sci »2023.34(2) :129-141,

Wi X B2, BRI A, 55— i AT TR P %) % ° TRAR 3 4
B T v R AT M £ A R AL R . 2019, 77
(1):15-27.

Chen J,Liu C H,Chen F J,et al. A new verification method
for heavy rainfall forecast based on predictability [ :Synthet-
ic predictability index of heavy rainfall in China. Acta Meteor
Sinica ,2019,77(1) :15-27.

FRYEB, BR . “ SEEPS” i 7K TR AG 96 9F 43 T 1 16 3 1] Fig 7K 951
b 9 L S, TR B BE R . 2015,5(5) 1 6-13.

Chen F J,Chen J. The application experiment of a new score
for precipitation verification based on the SEEPS principle.
Adv Meteor Sci Tech ,2015,5(5) :6-13.

Lu B,Zhong J Q,Wang W, et al. Influence of near real-time
green vegetation fraction data on numerical weather predic-
tion by WRF over North China. J] Meteor Res,2021,35(3):
505-520.



372 A5 IS A S 7 %35 %

Applicability Evaluation of Provincial Precipitation
Real-time Analysis Product in Beijing

)

Zhao Wenfang” Wang Huiying” Meng Huifang” Miao Yupeng'
Huang Mingming” Fan Min"” Tang Wei”
Y (Beijing Meteorological Data Center, Beijing 100089)
? (National Meteorological Information Center , Beijing 100081)
Y (CMA Institute for Development and Program Design, Beijing 100081)

Abstract

The national precipitation real-time analysis product is a gridded product developed using probability
density matching, Bayesian model averaging, multi grid variation, optimal interpolation and other technol-
ogies by National Meteorological Information Center. It has advantages of high accuracy, high quality, and
spatiotemporal continuity, and is widely used in national nowcasting forecasting operations. In September
2022, National Meteorological Information Center issues a provincial multi-source fusion real-time analysis
system to promote the collaborative application of precipitation analysis in different provinces. The same
core multi-source fusion algorithms for real-time precipitation analysis products are applied in this system,
allowing access to additional provincial local observations. The consistency and accuracy of the provincial
precipitation analysis products in Beijing from September 2022 to August 2023 are evaluated by automatic
weather station observations, error analysis, effective precipitation time proportion, and other methods.
%23 + 7”7 extreme precipitation event is also analyzed in terms of cumulative precipitation, precipitation in-
tensity, and hourly precipitation error. Results show that root mean square error of the provincial precipi-
tation analysis product is less than 1 mm, and the average absolute deviation is below 0. 16 mm, which
closely aligns with observations from automatic weather stations. The bias of provincial precipitation real-
time analysis product increases with magnitude of precipitation. The intensity of light rain exceeds the ob-
servation, while the spatial distribution difference of bias is evident. The maximum negative deviation oc-
curs in both moderate rain and rainstorm magnitudes of Yanqing, while the maximum positive deviation is
observed at Changping. During the extreme precipitation event of “23 + 7”7, the spatial distribution of pro-
vincial precipitation real-time analysis product is largely consistent with observations from automatic
weather stations. The precipitation intensity is consistent with the trend of time variation observed by au-
tomatic weather stations, with an average root mean square error of 1. 8 mm and an average absolute devi-
ation of 0. 806 mm, which more accurately reflects the trend of precipitation intensity variation. Overall,
the provincial precipitation real-time analysis product has high accuracy in Beijing and can reflect the spatial
distribution of precipitation, but the estimate is lower than the observation in the precipitation course of

local heavy rainstorm.

Key words: real-time analysis product; skill scoring; multi-source fusion; accuracy evaluation



