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Abstract: Based on the gauges data of 2423 meteorological stations in China, continuous statistical metrics
(correlation coefficient; R, root mean squared error; RMSE, mean absolute error;: MAE, relative error:
RE) and classified statistical metrics (probability of detection: POD, false alarm ratio: FAR, bias score:
Bias, equitable threat score; ETS) are used to analyze the accuracy of Global Prediction Measurement
(GPM) precipitation products from three dimensions including different spatial scales, different time scales
and different precipitation intensity so as to explore the applicability of GPM satellite precipitation products
over mainland China. The main results show that from different spatial scales, GPM precipitation has high

observation accuracy in all regions, and the correlation coefficient (R) values of 72% stations exceede 0. 7,
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with the best in East China and relatively poor in Northwest China. RE is concentrated in 0—20%. The
accuracy of different altitude-zone elevations show that the overestimation of GPM is more obvious in low
altitude (<C 2000 m) and high altitude (> 4000 m) regions, and the applicability of GPM data is relatively
good in mid-altitude regions (2000—4000 m). In terms of different temporal scales, the total annual pre-
cipitation of GPM is consistent with that of rain gauges, and the R is 0. 75, but there is a certain deviation
in the amount of precipitation, with RMSE being 6. 15 mm * d™'. The consistency between GPM precipita-
tion products and rain gauges is better from January to October, with the R above 0. 7, slightly lower in
November and December. The error value in summer is higher than that in winter, and the RE is positive
mostly. In addition, the accuracy results of different precipitation intensity suggests that POD decreases
with the increase of precipitation intensity. GPM precipitation products have a better detection ability for “moder-
ate rain” intensity, while the detection ability for “light rain” and “heavy rain” is slightly weaker.

Key words: GPM (Global Prediction Measurement), precipitation, accuracy analysis, category statistical

metric
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GPM) i = fh e 2 TV R . 215 3 L L 2 Bk W
GPM £ RO P . GPM B AZ.0 W F- & i GPM
P52 1 XUB R /K B 35 (DPR) T 13 3 38 1 % A 141X
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SEALI b ) . IMERG 77 i J2& % DPR 1) %%
5 GMI W 84 17 fil A 40 BUE i GPM i 3k~
I A 77 i (CORRA-G) , Fi: ) i A0 68 4% HE 1
Ji s GPM TR By H Al 0 Ho s (PMW) AH B
WU S AR TR 0 (CPC) Bl i e T B4 5 Hb Bk
[] 25 90 T8 21 AP A (TR A7 ¢ o 00 1« I 402
B 3k fl G RS R A B R PO R K

IMERG 7 ji % B4l 1) b 77 1 £ 24045 (Huffman
et al,2015) : WG T BEAT A B A HE s FIH R 2R 2
U AT VERLAS B IR [ 475 {8, i A3k 5O 40 1% 1 (8]
25 (B8] SR A 5 S AL GO M ME LT AME 3, DU AD T
T KAl (PMWD (UL 25 11 5 ) FH A 7K A% Jele s L
s AT 2= 1 L AL HE H A RO Y O 25 1T 1E 5 2
He i 2=k 11

IMERG 42 fit Early Run, Late Run #lI Final
Run 4§ 3 #1774 . Early Run 7 & i 1 i) Bif 4 8 £
A B TS WU 2 AT B 5 25 Late Run 350
T T A RO A R O R AR SRR T Fi-
nal Run H FEZK ™ il 72 LG 1Y 72 P e F AT T 42 Bk
Rk g bl 19 0 P B 0l R E AT IR 2207 1E L 7E
L J5 WA~ A & A (FLS5,2017) 5 te Early Run il
Late Run ¥4 7 a1 45 B2 58 & (R 2 e A 26
2019), 7= fh 2014 4 3 A i 36 H NASA (Nation-
al Aeronautics and Space Administration) [§/K & 4t
PPS(Precipitation Processing System) %& 17 JT il » LA
HDF5 #3047 i . s T8 bk o4 https: / disc.
gsfc. nasa. gov/datasets/GPM _ SIMERGDF _ 06/
summary , H25 8] 73 B 2y 0. 1°, i [1) 43 B 0 H
(00 B 2R H 00 B, tH FLEk) A 35 J5 [l 2 90° N~
90°S.180°W ~ 180°E ., [ 7K ™ fil XJ )i () K5 415 46 A%
£ F ol precipitationCal , 085 B4y mm , 5 25
B UHER) NC M 800 o A8 SO TR B K7™ i 24 R
RTEEET 0.1 mm B FEKAEA, DUE 5 /N5 B
R 0.1 mm [ H AT FA 7K 1 SRR 1) $5 48 AH VT BC .

S YT J TR S i A B T e AR IS 7
PEAL  NASA 753U BRI LY 890 45 4 X 14 A4~
N TEE MR I uE s it B, T PE Al B AT
) T2 L 5 W 77 it 6 A (] ) el B A A A5 1 T T HE R
. Petracca et al(2018) FFH Z A H 18 ™ H 22 #f
FIB KT 3000 A & 118 PEAG 3 B T GPM
Rif K 7 i » 5 R SR I IE B 45 4 (NS B K 7™ il 12 K 2=
(¥ 4 B O T e SR ABCEE 1 il CHLS) RS C 41 i (MIS) i
K. Kim et al (2014) 43 87 1 5 6 2 5 1 X 11
GPM [k 7= it Re. TEREK M L H . 5l AT
TRMM FIF & 31 1 7 & 8 . 45 58 PR & 28 280 T
8. Tan and Duan (2017) ¥E 3 fin 3% , Sharifi et al
(2016) fE BV 3 59 53 M WEAG T IMERG 5 TRMM
14 BT A L 25 2R R IMERG i K 8 {8 #0456 53
i % 25 WUEAE FR AR 2 F TRMM., Liu(2016) % 4
HRREE T 9 IMERG-Final B K 7 #E47 1 PR Al



%11

i T 45 45 - GPML R K 7™ il 7 H T O ) 7 4 T A 1431

IMERG-Final 7K 7= i 1R 4 i 4l 412 21 g G 3k 32 22
R 5 A K B IX
1.1.2 b kof i

2 A R ot T R K B O BRI R R E B
O RE-G 0 BB G A4 o E KR 2423 R
Gk L B F BE ol pre_time_0808(08 BF E Yk H 08
B SR BOHE B 07 R mm, 0T KR 9 43 BE R A
0.1 mm, 48 A9 5T i 28 1 LA R 357 5 25 O 1, i
A o G B AR AL 5 3 D7 S A L L B S — 3
P PR — S A5 L BT S 4 A A T R E AR
T B8 1 g R A 50 & 50 I e R 80 3k 10 0 1 <
Gl s G Q17 A . g R S . B A SR
AR5 85N 2406 A A SC T2 R FNZ AT SOREAS B
HEATAH 4347

1.2 MixA&E

1.2.1 #HHEmRFZE

B () RUBE b PR T R R0 T 7 ol B 90 8
X 2 )5 - o 08—08 i (b 5t K ds Ak B 82 X}
N E A H TR 5 00—00 B (B , B B 32 %
JHH 0 UG P A F 7 s T U8 0 A0 T 7 B d . H R
THRE K S S AR A S SR R R LA
T J A TR R 55 1) T B AR SRR H R
IKEAE W TERT G (A LTS, 2008 5 T 58 R K T »
2008 ; FH K%, 2008 ; 5 5245, 2018 ).,

23 (0] RUBE by ol T8 O ol s WL 250 90 4 L
25 [ B Jm oA — iR 28 (e e . 2018) . R L
VA3l g I 7K A s S I A K B30 A Ry B o L Ok
Privdd GPM TR FEA ™ bl i ER P . R M B
Byl A bR 5 O S B 1 GPML T RS R K Al A 25 40
VD R8I s R R8T 5 e FL R 301 8 A j AR Y 9
Bk BOE A GPM T3 2 B K 5 Hi 1 B K 1%
JERAS R UG P RE A 78 3l fRBE E AR GPM FE K 7™
i L A A P
1.2.2 REHHIEH

Xof TLRE 7 il R BE DEAR O 8 b — R T R
D AH & 2R % (Pearson correlation coefficient, R) .34
Jr AR 22 (RMSED 25 - 4 48 A » KB AT 57 10 56k 9 i
FH R A TR B K7™ S e PR DE AN op 0 B S (I
JE45,2016) . ASCH T X GPM TLAE IMERG B K
7 i VR M 2 2 UL B Y 1R 25 PR AL L A SR
LG AR AR BEAT 23 M VR AL, DL TG il R K
Kot S 2 BRAEL R T 4 SR G048 b, X PRI B0 19 AR

KAEFEAT A Al (245 55, 202053 22 55 45, 2020) .

LA A VEM IR AR T 1 B A B SRR A B L AR 3L
KR LG PP IR bR AT R T i LR K
it 55 G ol O B3 %) 42 PR AR DG AR BE 5 RMSE
e 02 WL 54k I 4 L S 2 1) Y O 2R, ORI
B TR B K 77 il B R R 22 0K P O 4 4 X iR 2
(MAE) 7R T AL [ 7K B30 Al s 00 I 548 10 1 4
246 5%F i 26 A 5 AR 22 (RED S e 19 5L B 7K 5040 x6f
il e UL KA 1 O 25 A E R T PN TR X S
Dl g 158 22 1 - B e, >4 TR il HA BRI
RE 1 RMSE {8 S 19 R B I, Z2AE H X B K )
T b . 45 PF O 48 A5 WK B s (Navarro et al,
2019) .

N
>(P,—P)(S,—S)
i=1

R=— (O
DIP,—P)* > (S, —8S)?
i=1 i=1
RMSE = [55>] (P, —S)" )
i=1
1<
MAE = =>1 | P,—S; | (3)
Nz 1
DIP,— S
RE =~ 4
s
i=1

Aorpe N KRR A E G O R E S P R
X L A TR R KR S Bl L LI P S
T 2 3 S K B P (E R S

KA BT AEAS R R K 38 B2 T GPM R 7K 7™ & 1 08
TURE BE o AR SCHR 4 B 5% A o (R /K = 45 90) (GB/T
28592—2012) (JH K4 0 » 2012) X [ K 5 B &
GY N s /INE ORI L R W 0 AT A AR T R Y
AN T K B8 J3E 10 R S BB (6 DD 1 5 B ) Hr 46 A o
A
1.2.3 £k n 47

A SCR 3 28 bR PP A GPM. T8 B 7K 7™ i %t
TS [ B 7Kt R i AR RE T AR BRI S (POD) |
AR AR (FAR) | [ #ft I 4t % (Bias) F1X S PF 43
(ETS) , #4855 W H =

_ H
POD ~“H oM (5)
_F
FAR = HIF (6)
. HH+F
Bias = HI M D)



1432 A % 95 A8
ETS H— Hs (8) WX SEFE BRIV W T LN sl RN TR e v R

H-+M+F— H;s

K H o8 GPM [ K 7™ it F1 HlL T8 B 7K A% J8% 245 )
KT BE A K BG F Fon GPM K 7= i K T (3
L [T 7T b T A 7K A TR /I T 1 3 BT ) TR B M
Fen GPM B 7K ™ i /N 5 (L [ 1 T e 7K A% Jk
i KT B S A B Z o GPM R K 7 i il
b T A 7K A i 0 /0N T 18 A S T A o B, AR e
W 2, Hs (iHHHEAAN (HE 20205 B 5
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Table 1 Rainfall threshold and sample number of different precipitation intensity grades
RekompEe iR AR . N 7RV FE S . N
Sl 5 R /A AL A bR A N

ey S 45 P/ s/ REARRUA OB mm i/ REARUA
NGH) 0. 1<<P<C10 2406 209880 P=0.1 2406 271192
R 10<<P<25 2373 39891 P=10 2376 61312
K 25<P<50 2216 15383 P=25 2231 21421
HTH 50<<P<C100 1732 6038 P=50 1732 6038
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Table 2 Relationship between GPM precipitation data
and gauges-observed data
T 2kl 0L 45
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Note: The vlaue ranges are shown in Table 1.
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Fig.1 (a, c. e, g) Spacial distributions and (b, d, f. h) box plots of error evaluation for GPM products
(as, b) R, (¢, d) RMSE. (e, {) MAE, (g, h) RE
(In Fig. s. 1b, 1d, 1f, 1h, the five horizotal lines from top to bottom are orderly the maximum value, 25th pertentile, median value,
75 th percentile and minimum value; the “X” in the box represents average value; all the dots beyond the maximum and
minimum are obnormal values. The abnormal values with RE>>100% or RE<C100% in Fig. 1h are omitted)
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Table 3 Number of stations and samples in different areas
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Fig. 2 Error evaluation metrics for GPM product

in different elevation zones
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Table 4 Number of stations and samples
at different elevations
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Fig. 4 Error evaluation metrics for GPM products in different months
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Table S Number of stations and samples in different months
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Fig. 5 Error evaluation metrics for GPM products with different rainfall intensity
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