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Abstract: This paper aims to assess the latest 1 km—grid Analysis Real Time (ART_1 km) precipitation product developed by the National
Meteorological Information Center of China Meteorological Administration (CMA), which can provide great support for disaster weather moni-
toring and warning, intelligent grid forecasting and weather services. Observed precipitation data from the independent stations (including
non—uploaded regional meteorological stations and hydrometric stations) that were not integrated into the ART_1 km precipitation product as
well as precipitation classification inspection are used to assess the quality of this product during twenty disastrous rainstorm cases from May
to August during 2019-2022 in Guangdong. The results show that the ART_1 km precipitation product successfully reproduces the precipita-
tion location, strength, and trends in these cases, with the best performance in the Pearl River Delta, the east of eastern Guangdong, and the
north of northern Guangdong. The stronger the precipitation, the greater the correlation as well as the root mean square error (RMSE) and

mean error (ME) between the ART_1 km precipitation and the observed precipitation. When the hourly precipitation is not classified, about
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60% of these independent stations present a correlation efficient = 0.8, more than 90% of the stations present an RMSE within the range

of [1.0, 5.0) mm, and more than 60% of the stations present a ME within £0.1 mm. When the hourly precipitation is < 5 mm, most of the sta-

tions have a correlation efficient < 0.5, an RMSE within the range of [1.0, 5.0) mm, and a ME within [0.0, 0.5] mm. When the hourly precipi-

tation is = 20 mm, 42% ~ 56% of the stations have a correlation efficient = 0.5, and most of the stations have an RMSE = 10 mm and a

ME <0 mm, even when the hourly precipitation is = 50 mm, most of the stations have a ME < =10 mm. Overall, ART_1 km precipitation is

usually underestimated at the independent stations, and integrating observations from more sites into producing ART_1 km precipitation is

helpful to improve the quality of the products.
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Table 1 Twenty cases of disaster—causing rainstorm processes from May to August during 2019-2022 in Guangdong Province
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Fig.1 Spatial distribution of accumulated rainfall from (a) observations and (b) ART_1 km products from 20:00 on August 24 to 23:00 on

August 26, 2019 (Beijing time, the same below), and from (c) observations and (d) ART_1 km products from

16:00 on May 19 to 00:00 on May 21, 2019, in Guangdong Province, respectively (unit: mm)
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Fig.2 Spatial distribution of accumulated rainfall from (a) observations and (b) ART_1 km products from 13:00 on May 19 to 19:00 on May 20, 2021, and from
(c) observations and (d) ART_I km products from 02:00 on June 2 to 08:00 on June 3, 2020 in Guangdong Province, respectively (unit: mm)
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Fig.3 Spatial distribution of accumulated rainfall from (a) observations and (b) ART_1 km products from 08:00 on May 4 to 08:00 on May 9, 2019, and from
(c) observations and (d) ART_I km products from 11:00 on May 20 to 13:00 on May 22, 2020 in Guangdong Province, respectively (unit: mm)
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Fig.4 Occurrence frequency of different hourly precipitation classifications for observations and ART_1 km products at (a) non—uploaded regional stations

and (b) hydrometric stations during twenty disastrous rainstorm cases from May to August during 2019-2022 in Guangdong Province.
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1 kem B 7K 55 X000 B2 7K 19 A DG 2 580 38 5 AR 1R 2 P34
(B 22 A 723 () A3 A AR A0 A o 48 R A0t ~7
F) ART_1 kmn & 7K RN R K (4 A DG R ECH 0.5 ~ 0.9
(&l 6a. by, HA gk = A R AR AN AL AR A R 43
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Fig.5 (a) TS, (b) correlation coefficient, (c) root mean square error, and (d) mean error between ART_1 km products and observations in different

precipitation classifications at non—uploaded regional stations and hydrometric stations from the 20 cases in this study

i AR KA R BUA ) 0.8 HEE 0.9 DL F 5 1 -4 74
1S LT e S R L G RS 43l 1) R ORI AL
0.5 ~ 0.8, 5k A OC R BN F 0.5, Kol
ST AR 2E R 0.1 ~ 1.0 mm(I& 6¢.d), HiF Bk =
Fi I s N e [ 3 | RN U D A S S L 5
DX, B A3l 1 (R X5 MR 25 85/ NCA 0.1 ~ 0.5 mm) 3 {H
FEER = LAVE BT T —BH 7T 99 0 L 2R A 0N Je 8
b, TRk A A AR 223 K % 1.0 ~ 5.0 mm,
BEAN , 428 R 43 57 3 1 P PR 25 76 £0.1 mm P
(& 6e £y, (ELE M2 19 s 22 o A A (R 22 4 0.1 ~
0.5 mm, F B ART_1 km R /K 7E 1% 0 55 8 85 X 347 A
i

B HRA R0 0.25° x 0.25° Bk, Ge it A Pk
P AL A ART_1 ke B 7K i 8 I 20 37 0 05 55, 1)
B P SR T ~ 29 RS IS AT 20 4 B DA i
VA v 2 A, 10 ~ 20 4N sl 1 kg w8 2 R A, 104>
PUF VR ARSE B IR . o, 2 B XA At 2 i e
IK Gy R IX, VAR = A ARER s th % B X E AR — A
43 DXk B AR AR o MAAN [ il o5 %85 B X 1) g /K
& T (EIWE ), 25 TR B HE R 2 BN - 5 2 JE X >
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B il PO SO e A g

F22—4 5T 20 {51 2 RN Ak i b Xt R 7K Sk
AL T 3 9 ART_1 kn B 2K UL R4 7K B AH 6 2
B4 R 2 R YR 25 () S R) 95 L e 45 S5 4
Kl S . 3R 2 3R] TERK AN 73 9T, 60% ~
63% M 37 3 B K AH 2 R 80 =0.8, 24 98%5‘]@1?&
HRRE =05, BEKSFG, FEMHKRE =05,
0.8.=0.9 F1=0.99 X L& 5 [ 1 , Tuﬁ?ﬂwﬁ%ﬁkﬂ(
B, ul A BB R, BT ART_1 km B 7K FI 8
DU R 7K A AH DG Bl R K I R K. 247N R K <
20 mm, FFHRAF ST 55 I A OE R <055 /NI RR K =
20 mm, 42% ~ 56% I 3 55 A R K AR ¢ R %0=0.5, H
30% ~ 32% F) i 25 R Pk =0.99, 2 B 76 58 [ K 15 1
T ART_1 ke FE 7K TN P2 7K A0 AH 16 K

3R BRIt #8 Y 90% Y M ST 3 1Y
ART_1 km B FIUEIIREK 35 5 HRR2E M 1.0, 5.0) mm,
REIK M5 24/ NI 7K <10 mm, 66% ~ 96% )3k 55
P HRR 2% K(1.0, 5.0) mm; 24/NSFFEE7K K[10, 20) mm,
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Fig.6 Spatial distribution of (a, b) correlation coefficient, (c, d) root mean square error, and (e, f) mean error between ART_1 km precipitation products and

observational precipitation at non—uploaded regional stations (a, c, e) and hydrometric stations (b, d, f) from the 20 cases in this study

2 TR ART_1 km B&7K 5 S B 7K B9 7R [5 /1N B B 7k S5 2R B 1 5 R E(COR)FE =0.99.

=0.9.=0.8,=0.5F1<0.5 S E T S 5 b (Peor)

Table 2 Station ratios of different precipitation classifications in different correlation efficient ranges of = 0.99,

= 0.9, = 0.8, = 0.5, and < 0.5 between ART_1 km products and observations

T ar N 3K P(AOR/%

WALk B Smm SREC —0r— 000 COR=0.9 COR=038 COR=05 COR<0.5

VNixd 2217 0.14 20.14 63.08 98.55 1.45

[0.1,2) 2212 0.00 0.18 1.27 31.15 68.85

[2.5) 2208 0.00 0.23 0.54 10.42 89.58

X duf 3l [5,10) 2208 0.05 0.23 0.63 10.92 89.08

[10,20) 2204 0.45 1.04 2.18 16.72 83.28

[20,50) 2173 2.79 5.91 12.06 42.03 57.97

=50 991 30.66 37.53 42.56 52.63 4737

VN3 1967 1.73 2234 60.73 98.78 1.22

[0.1,2) 1961 0.00 0.00 1.94 13.47 86.53

[2,5) 1961 0.00 0.66 2.14 14.85 85.15

IR [5,10) 1 960 0.05 0.92 2.19 13.72 86.28

[10,20) 1960 0.10 1.53 2.81 17.45 82.55

[20,50) 1957 1.91 8.08 16.37 47.94 52.06

=50 765 31.97 41.38 46.39 55.17 44.83
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B3 TR ART_ km Fzk 5 AP K B A /Nt B 7k S R O £ 77 R IR 22 (RMSE)FE
<1.0.[1.0, 5.0).[5.0, 10.0)F0=10.0 mm Sz B Ak & & b (Prose)
Table 3 Station ratios of different precipitation classifications in different root mean square error ranges of < 1.0, [1.0, 5.0),

[5.0, 10.0) and = 10.0 mm between ART_1 km products and observations

. s Pl %

W B R e T RSE e [1.050) RMSEc[5.0.100)  RMSE=10.0

TIG 2217 3.29 96.53 0.18 0.00

0.1,2) 2212 33.77 66.09 0.14 0.00

[2.5) 2208 1.40 95.79 272 0.09

Fes e [5.10) 2208 0.09 82.65 16.85 0.41

[10,20) 2204 0.00 14.02 81.90 408

20,50) 2173 0.18 1.84 19.74 78.23

=50 991 0.50 5.35 8.27 85.87

AR 1967 8.69 91.15 0.15 0.00

[0.1.2) 1961 31.87 68.03 0.10 0.00

[2,5) 1961 5.46 9261 1.89 0.05

K3 [5.10) 1960 1.53 84.29 13.98 0.20

[10,20) 1960 0.36 18.78 7750 3.37

20,50) 1957 0.20 485 19.47 75.47

=50 765 118 6.41 9.54 82.88

T4 T R ART 1 km FE7K 50 FE 7K B AR B /N BE 7K E R F H9{EIR 2 (ME)#E
[-0.1,0.1]4[-0.5,0.5].>10.0, = 0.0 #1<0.0 mm 3& Bl T &34 & 5 L (Pue)

Table 4 Station ratios of different precipitation classifications in different mean error ranges of [-0.1,0.1], [-0.5,0.5],

>10.0, = 0.0 and < 0.0 mm between ART_1 km products and observations

- . - Pyl %

Harsh - B mm S e [<0.1,0.1] MEe[-0.50.5] ME>100 ME<-10.0 ME=00  ME<0.0
AR 2217 64.77 99.19 0.00 0.00 51.87 48.13

[0.1,2) 2212 7.59 81.96 0.00 0.00 98.51 1.49

[2.5) 2208 18.75 68.43 0.05 0.00 70.06 29.94

X sl [5,10) 2208 7.43 33.56 0.00 0.00 26.13 73.87
[10,20) 2204 1.13 5.17 0.00 0.54 6.40 93.60

[20,50) 2173 0.37 0.92 0.14 4271 3.41 96.59

=50 991 0.40 0.71 0.91 80.83 5.25 94.75

AT 1967 70.31 99.34 0.00 0.00 43.67 56.33

[0.1,2) 1961 24.12 82.10 0.00 0.00 88.22 11.78

[2.5) 1961 20.40 77.41 0.00 0.00 63.74 36.26

TR [5,10) 1960 5.97 33.83 0.00 0.00 18.62 81.38
[10,20) 1960 0.77 4.69 0.00 0.56 5.51 94.49

[20,50) 1957 0.36 1.33 0.05 46.86 3.53 96.47

=50 765 0.13 0.92 0.78 80.39 5.23 94.77

10.0 mm. JBE4h, NI R 25 =10.0 mm [R5 55 E
R, DRI sl 07K Sl 7 3l o5 7 b B A K 8 i i 34
K, IEHRY /NI REZK =20 mm, BT 5l 13 A5 5 L
HRHR H 75% , B G A BE K 38 5, 2l 37 05 9 ART_1 km
R K AU 2K A 3 7 AR IR 251G K

Fe AL KRG, 249 65% 1) X 38 i Fl 24
T0% ) 7K SCh A ART_1 ko B 7K RIEIN R K B4~ 5
RETE£0.1 mm N o FEKITGG , /N FE7K <5 mm,
68% ~ 83% [P 3l 1 V- I (H IR 22 HE 0.5 mm N, H
70% ~ 99% 1 3t s A~ A (E 1R 22 = 0 mm , B K433k

SRR ZETE[0.0, 0.5] mm JE RN 5 25/ NIFFEE K =
20 mm, 94% Lk I ()35 i 212 22 <0 mm; 24/
Fi7K =50 mm, BT 819113 1 A P IEIRZEAE-10 mm
PR, BIEAS ART_1 km F&/K A T SZBR I 10 mm
DL o SEBR b, DOPIIEIRZE =0.<0 Bl s 5 R R
M/NEFEK =5 mm B, 73% L)1 A0 5 I 1R 22
JNTF0, BEBH ART_1 km FEAARAL BB 5 .

3 R{Euh = BEK AR AL
RS HEK 6 40 B GET 1 Rk Bl 2 i A ART_
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Sy 3 A A (51 e B e A PP R KO 22 FR R A O ) e R 0 R K R R R XA TR 5 R 3
RS HRA20BIFMIREAH ART | km fE7k 5K EEFRKPR SR EBEKER

Table 5 Non—uploaded regional meteorological stations with the maximum deviation between ART_1 km products and observations in each rainstorm case

e v IR GE-H -H i) O WIFEZK(OYmm  ART_I km F&7K(G)/mm i 2% (G-0)/mm

1 (2448 2019-05-08-09 1.0 43.3 423
2 G3727 2019-05-20-21 89.2 29.7 -59.5
3 G2187 2019-05-27-05 141.6 39.7 -101.9
4 G6528 2019-06-11-06 1.5 75.0 73.5
5 G2140 2019-06-24-14 74.5 9.9 -64.6
6 G1830 2019-07-31-14 65.7 19.5 -46.2
7 G5310 2019-08-25-16 86.1 242 -61.9
8 G1970 2020-05-22-03 0.0 106.7 106.7
9 G2322 2020-06-02-08 0.2 54.5 54.3
10 G1119 2020-06-08-03 136.7 39.6 -97.1
11 G2513 2020-06-14-11 43.2 14.6 -28.6
12 G6514 2020-08-03-17 70.6 19.7 -50.9
13 G4517 2020-08-18-15 574 2.8 -54.6
14 G4619 2021-05-20-00 6.1 91.7 85.6
15 G1273 2021-06-01-08 122.0 34.8 -87.2
16 G3247 2021-06-22-05 86.7 5.2 -81.5
17 G1214 2021-07-22-10 65.5 7.1 -58.4
18 G7317 2022-05-11-06 89.1 10.1 -79
19 G2961 2022-06-06-16 147.7 56.6 -91.1
20 G6625 2022-06-18-06 109.3 16.3 -93.0

RO HRA20BIFMIREA ART 1 km fE7k SHMPEKIEEFRRHIKLHEREBEKER

Table 6 Hydrometric stations with the maximum deviation between ART_1 km products and observations in each rainstorm case

el wiG ORI - - H ) OWINEEK(OYmm  ART_L km FK(G)/mm 4 22(G-0)/mm

1 81723780 2019-05-04-17 107.0 44.9 -62.1
2 81004200 2019-05-20-05 99.5 28.3 -71.2
3 81720260 2019-05-25-05 84.0 4.4 -79.6
4 81201390 2019-06-13-18 0.0 70.1 70.1
5 81001608 2019-06-23-05 0.0 63.3 63.3
6 81720603 2019-08-01-07 85.0 24.0 -61.0
7 81113710 2019-08-25-16 116.0 34.5 -81.5
8 81720400 2020-05-21-03 88.5 13.2 -75.3
9 81721280 2020-06-02-05 15.5 66.0 50.5
10 81022380 2020-06-06-19 92.5 27.6 -64.9
11 81722965 2020-06-14-11 41.0 14.6 -26.4
12 80650620 2020-08-04-14 65.0 11.1 -53.9
13 80900995 2020-08-19-13 1.0 56.6 55.6
14 81021890 2021-05-20-04 25.0 81.4 56.4
15 81311590 2021-06-01-06 71.5 3.1 -68.4
16 81022105 2021-06-21-10 11.0 71.3 66.3
17 81721540 2021-07-21-01 95.5 31.1 -64.4
18 81701270 2022-05-11-03 128.5 19.6 -108.9
19 81321920 2022-06-08-12 92.0 12.3 -79.7
20 81022790 2022-06-21-11 126.5 38.6 -87.9
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ART_1 km /K i FRINAFLE RS 25 5

DX I (2 5) B e KB K i 223551 106.7 mm, & 2E
TE2020 45 H 22 H 03 B /9 G1970 3 55, LS i R
MIREIK A0 mm, ART_1 km Fa 7K £E 12 35 122 5 YR B 2 PR
FELES Al o (HMN 20 BB i BRI GE iR, 15
(4 DX Il AEAEARRATT , FLrb e RARAG (64 101.9 mm, &
AEFE 201945 H 27 H 05 B9 G2187 3 55, L% 0
NI F5 7K 47 141.6 mm, ART_1 km 57K H39.7 mm. 7K
SC (% 6) R R K R 2215 5] 108.9 mm, & A= 7E 2022
4E5 11 H 03 A%k 15 81701270, 223 WL F 7k
A 128.5 mm, ART 1 km 7K 5 19.6 mm, J5 & B T A%
o AR, 326 I 14 5K SCEEAELEARAT -

SR, 28 5 FIF 6 M Ge Tt X 4 491 2 W 3 e v
Rk Kl 25 B R PR s 220, 6 —F A 2 T el R R 5 A A
B MRAG R AR E . I T E—E K5 ART_1 km
R K™ i PR A B L R R B, B Ta 25 T 45
e A e B S 0 DX J st G2187 78 2019 4E 5 H 23 H 08
iF—30 H 22 fsf 52 W 2 72 A4 UL B 7K AT ART_1 ke

K B 3 A 25 A B )8 A28, J B ART_1 km F K
TEIZATFE Y 2 2 KA (An 5 H 26 H 05 BF—27 H 05
I 129 H 04 Bf—16 B R 30 B AR o H .S Ak
F,G2187 1 ART_1 km FEAKATY SR BT T3 T B 7K 1)
KA R R AR S A R, B Th G H TR 6
A B B S Y 7K S 81701270 76 2022 4E 5 J1 10 H
06 Ff—14 H 08 Hif 2 [y 1 2 14 B K AR | e B2l 11
ART_1 km B K UG 1) 2 A= B[R] B XL 26 A 0 ) 2
A RIS T 1 h, T80 T ART_1 km Ff/K 1 /25
Ak ABAE G2t B rh, ART 1 km FEZK 7 S AT & -t
FLEL T KR 55284k . B T od T30 2 20 191 2 1T
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Fig.7 Temporal variations of observed precipitation (O, black solid lines), ART_1 km precipitation (G, gray solid lines), and their deviation (G-0, dashed lines)
(a) at the non—uploaded regional station G2187 from 08:00 BT May 23 to 22:00 BT May 30, 2019, (b) at the hydrometric station 81701270 from 06:00 BT
May 10 to 08:00 BT May 14, 2022, (c) at the non—uploaded regional station G9502 from 11:00 BT May 20 to 13:00 BT May 22, 2020,
and (d) at the hydrometric station 81720610 from 06:00 BT 10 May to 08:00 BT May 14, 2022, respectively
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& B4

4 5L

ARSCEU A 2019—2022 4E 5—8 S 1920 14 2%
KAWL FE, IR FAL RS HI/E ART_L km FE7K 7™ &b
F14) DX 353 R 7K S 3k 45 A 2J 0 7 sl %) SO0 R 7K 9 s
R BAR”, R ART_1 km FE7K 7™ i 78 25 R 3 R Hp A4 o
WM TR AL . FEESIRT

(1) ART_1 km B&#7K ™ SR A ML PR B T T /R4 2 T
1 AR AR T8 X iR B AR Ak R 3, 78 2 A Rl Y
R K AT A AR IS AR 3k s 5 i 1) . IXC
AET N2 5 ART_1 ke B K 7™ i S22 3R 04 B8 /K S LA
5ER A L SN K, 7 S /NS Bl Ry b 43 HC Tk R K
IBAETEARJE o A, ART_1 km [ /K 7 5 AL BE 0% 4 47
b Jz BETCRE K BT

(2) ART_1 km FEZK AL R K FE 2R = A1 VB AR AR
ISR AL I A AH OC R EUR K (=0.8) F I Hid iR 25 A
/NO.1 ~ 0.5 mm); 77 B8 A< PGS 281 e ¥4 B8P Frg Rk
AHOCPERRAG, B MR ZE K . 8 SRl S 3 1)
ART_1 km [ 7RI B 7K (473 {A 12 25 £ +0.1 mm
DR ECI RS SRr S0l 4 S =

(3) A KB SR , 7 35 A ART_1 ke B 7K FITULIN 4
KB AF S v (HL 8 R R 2 TS 45 {2 22 e ek
Ko BRI, 28 25 60%89 M7 35 ) ART_1 km
R K RN R 7K A AH G 2R 500 = 0.8 , 8 90% [k ST 35 11
I MR ZEAE[1.0, 5.0) mm 78 FEl Y, #8 60% 190 7 3 )
SERMEIRZEAE£0.1 mm N o FEAKRG , M/ N K
B I (<5 mm), A4 KR53 0 37 3 B AH G R $<0.5
107 ML A% 25 1E[1.0, 5.0) mm 30 [l N P 2 (H 1% 2
#£[0.0, 0.5] mm 35 Bl 9 5 24 /INBS B 7K AR B8 B (=20 mm),
298 42% ~ 56% M i I AH I R 5L =0.5, K4
SEVEEII AR IR ZE =10 mm EIEIRZE< 0 mm, H 24
JINEFRE K = 50 mm , EY{HIR ZE< —10 mm.

(4) Pt [ /K 3598, ART_1 km FEZK 7 i A e R
Al . 20 B2 R AR, X ART_1 km [7K
e RARAGE IR 101.9 mm , 7K 3CE5 3K 108.9 mm, 43 HfIK
A1k 55 BH S % 88 7K i 5 1 3l 6 R 7 2 e e A R
TR AR & B, ART_1 km [ 7K AE 58 B K & A B A7 A6 B
AR, 0 2 LA A /K i st TR A b ORI 38 iy el e J
1~ 2 h AFATH A i M S e T 3 AN FR K ) R A TH T
FIDR 55U AT R B

37 3 ART_1 ke B 7K 5 W8I0 B 7K ) i 22 5 3 L
i A ORI R A il i VE R K B DI ARG o H
F ART_1 km B 7K 2 by 5% s BT 114328 s SO0
PRGBS 2], D ART_1 km B K AR A 55 100 4
tB AT e 5 k37 ] A R AR A A AN B SRR G
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