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Table 1 Precision evaluation of IMERG products in Guangxi
KA # iR -
o (LES A 77 R %2 s
Products Correlation Root mean square Relative error(RE)
u coefficient (CC)  error (RMSE)/mm v
Early 0.825 79.7 -0.005
Late 0.828 78.8 -0.009
Final 0.904 57.2 0.069
212 R
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Table 2 Precision evaluation of IMERG products in
precipitation zones

[X 1% Zone 7% Products CcC RMSE/mm RE
1K Early 0.820 65.8 0.093
Jone 1 Late 0.823 64.2 0.075
one Final 0.885 55.9 0.234
Early 0.820 749 0.045
, 1I IZH Late 0.820 73.8 0.034
one Final 0.905 523 0.116
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one Final 0.926 65.1 -0.045
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Final 0.049 0.272 0.003

2.3 TRk EXEEE T

Sy ik — 2 8 7 e K B A0 T 52 R IMERG 7 kS FE
LA 10 mm Jy[a]REEAT H K 2 IX R4y, Gt & X
)RS VRN FE bR HHT 600 mm UL b X (A REA R D, &5
o3 X TE)KE BEVE A $8 AR VA Go it R E AR 0~
600 mm [X [f] (FEAS (5 EL 99%) #E4T 43 #r, 45 R 8
IR

0.6 = Early = Late -+ Final 0.4 = Early = Late -+ Final
04l R=0.047 . 03 | FF0433
e BE 2. R*=0.658
0a TR o2k R=0.407
uy /8 8 Woer o viw,. A . A
O 9 i p — e Q 0] b~ guingd 8 A
O T Py Tl . oY A, A
o, 1100 200 300; 460 504 600 0 o 0 ity tey
041 R=0001  R—0.005 « - o8 50 100 150 200° 25 300
—0.6 e 02t e
[% 7K & Precipitation/mm : [% 7K & Precipitation/mm
a.CC b. CC
300 ~o Early -=- Late -+ Final - Early -=- Late -+ Final
R=0911  R=0.880 20F p=0.500
250 A R=0.933 . 15F A
Eaoof /0 17 R=0564 g sag
2 150 5 Lop 7 A P4
Z 1001 e 0.5,
50 S
0 !
0 100 200 300 400

0 100 200 300 400 500 600 -0.5
[% 7K & Precipitation/mm

c. RMSE d.RE

B 8 IMERG /= &u&-[4/KF K a4 B IF 384T
Fig.8 Precision evaluation metrics of IMERG products in
precipitation intervals

# Z 57 il RMSE B8 F Bk g 0 2 9L 825 1 BT
B (K 8c), REWMARHEM TIEES (B8d.

[% 7K i Precipitation/mm

4% RE 5B K & MA AXIH5H, Early. Late. Final
PRI 23 Al B A 1 H B K & BRAE 2 e 271, 272
F1351 mm, S H BEK BT 1ZBAE R B, ez
Wik Ali. CC 7E 0~600 mm [X [F]fifi H [%/K =38 nE T F%
i, HFFEBBARE (K 8a). FEEERFZE 300 mm
PLEXEFEARSCE R D, o XEHIENA, 3
CC 7£ 300 mm L b X BB K . FEFEARZE T 0~
300 mm [X[8] (5EE90%), CC FREEFEMxTRE (K 8b).
B 7K 55 K B Fa bn L& By, SR B B /K X
7 iR EE RO . BERF K =GN 2 I CC TR, RMSE
T RE FREMEAARES,  fkn] DL o B K b
(1) 5 R AR BE AR OB R, B K 2 /D B DX N 7
FE /IS EAS i ZE ) Ay SR, NS TR0 R, B
KEADFIRIX CC /N, Bt XA . BRI,
Rof 7K 5 i 45 L Ath PR 200 7= it A S PRt A K R
3 %W
Late /= it #H Lt Early /= @b 38 0 7 58 2 F 804 VR, 58
FERE TR AR, R S 1 T BR DASE T B K Ak
REREUO, SR, AWMFRKRILHESE BWE. FKE
X 1) #8 2 BAL o AR UL PRDORS BEARRAIE, /T NI F 78 A 2Bl 4
WUy IS AR THE A R, EL s S R S
o= S R AR [ 4E J5 o Final 7= S fA 1 BT a1
UL H AR TR s, AT T A T AR v R o R
i, RGOS e MR RIS BIER T, E LA I 22 B
T =l . FTAE R BT R AL AERE AR SR T T Final 7= i
Bk, MELRMHMBLEDD )N LRSI, 7
I ZE 710, 4% R V0P Sk BB DOy S, 7R RE
P13 e 1 B 8 T 1% 7 @ L b LA R T R =
flio RWLH IMERG F= i AFEE R BV ZE, HARMELE
FrE o B K G sReRid 55) ARG RE J3AS 2172,
AR KR IX B /ATt R B, RE 78 0~10 mm F/K & X
R (B 8d), RN/ IR KA 2
fiti, a5 B Y A5 K SOl R 1 43 48 AR
B PG BEVEAN Fi8 b 2 100 20 A 0 BT I R, BR AL 0TS
TGRS, B BN d6iE. Al TN S 2
R, IMERG £ 5] 77 & #0325 50 HAH b Py i ooty A58 7 10
RMSE (B 4). #E—B ki, RXMBiBH#ETN & R
HII77 i RMSE 7 4% 55k 2 46 T2 B 43 B A 4 0 e ol e
f, SHAWAFERKER. X—4RERHRNE
IMERG 7= ity 7E 1 B0 THI PR ZE AT N It B K, A A 5
7o IR IGAE . E AR KUl ST AL L X L X
ARG G (B 4), S 5 2% Hw i r= 5 1 5 e
Kl X, MHEENHH TR AT HRE.
BN P R T, IR SR 2001—
2017 “EHAE X Final 7= S b AT T VP4l 5 AW 4 X
IR AT G R Ao HSCH AR T & 4 FE RS FE VTN
fabr o Ai B, AHIERBAT BN SN O T
W, BB H S AT . IVEYIEP R
2014—2019 E#4kE XF IMERG % #4077 S B0, K


http://www.tcsae.org

5520 3 Ptaes s S IMERG Bk an e DU RORS VP A 135
WA RE E& R ERNE L. EEIEEARTR retrieval precipitation products of Global Precipitation

W Early. Late /= fh 8RR A%, Final 7= i 844 & 4 1)
Mré RAFAEZ . & 6 i %1, Early. Late /= fhfE 2013
G E B AT A, AR AR, R
FET U BOANE] o AT 78 s I (R TG, Sk p ol
%, N IMERG 7= iR FE VAL AT T B 2T A e

IEHTRT IMERG 77 i kg 7 4F B 18] (AR A DGR R/
FE7 VB RE _ETFBA K Final 7= ok B R B A 34 02
T AFAE, B RO XS — A% s . TEHERR R
KEFWPETHE T, WIEREh. PESHBHTRE
FEIE R R FE N IR R R 2 — . IMERG HiEN T 7
AMAFERAH) P EMIESE (TRMM, 2014 4E87; GPM,
2015 4EJ5 ), AN R ECHE PR 77 RS B I s i AR IR AT .
BRI IMERG VO7 R A 595 B8 75 o 38 7= o kG BE 78 A f+r
MEE

4 %

AW FCE X V8 B 7K 78 T AE B 2 40 A AN 3 R R A
R vaRI 3 3 A, SRHAT 91 AN WL s 2001—2020
FBEHEKERNSH, WNARTSRRE. BERE.,. F
IKEIXEEELERE, 708 7 H RJE IMERG FEK7= e
PUHLIX ARG FE AR, LR

1) IMERG 7= it 5 W IAE E A B AR G, (H [
B B B B B B, Early. Late 72 oA B2 R AEAH L,
AR FARALBE/K; Final 77 5B AR m A PR K

2) BE/KESEEM IMERG /= SRS EEE RN K,
KEIGIGRAE R RECT . HHRRE B X R
72BN A BEKE /N T 271, 272 A1 351 mm
i, 2'53%( Early. Late. Final /= §h FEMAE W, 2
MRAR . RIAEZSH] b, Bk D iy DX el 20 ik R B /N LB
0 s BPR] b, P RS FEAE PR KD I B BAR
B4R, Hrh Barly. Late /”dnfEMKFERILELLF, Final /™
il TE 2 BN B B A o

3) BEEMIEK, Early. Late 754 23 RE LA,
£t 0 28 R B IR AT Final 7= kS FE A T RR&EH, %
fabr FAC REW NI BEHB IR . FREKELIE
EBeizAlsIE LIPS IS8

Zi b, HRJFE IMERG 7= /i K B2 52 B 7K 2 52 e o
FE) UL . AS[FIN BAFEROR 2 5, ESEPR B A
o, RARYE BAR TR SR SR B AE M, FRE TR
PRI B TR VPAS FORS R R PR . 45T Early. Late 77
FEH RBE EARSFERRAEAR RN, 1 S TR AR B /K I 3 S i)
N, AR5 RE Barly 72 & LA s 2t

[& % x Wkl
(1] THIEE, e, BiERE. e BREEAONM TR 2 RS K
68 A K 7 it PO AR i A 7K DM D F ). 18 SRR, 2022,
26(4): 657-671.
DING Mingze, YONG Bin, YANG Zekang. Extreme

precipitation monitoring capability of the multi-satellite jointly

[10]

Measurement(GPM) mission[J]. National Remote Sensing
Bulletin, 2022, 26(4): 657-671. (in Chinese with English
abstract)

ARTHUR Y H, RAMESH K. K, STEVEN N, et al. The global
precipitation measurement Bulletin  of the
American Meteorological Society, 2014, 95(5): 701-722.
GABRIELE V, WITOLD F K. Empirically-based modeling of

spatial

mission[J].

sampling uncertainties associated with rainfall
measurements by rain gauges[J]. Advances in Water Resources,
2008, 31: 1015-1023.

DUAN Z, LIU J Z, TUO Y, et al. Evaluation of eight high
spatial resolution gridded precipitation products in Adige Basin
(Italy) at multiple temporal and spatial scales[J]. Science of the
Total Environment, 2016, 573: 1536-1553.

RHEG T, XTTIE. 2 A% AR IS S i 43 R B K T VR 25
R[], HERR} 3R, 2015, 30(8): 891-903.

GUO Ruifang, LIU Yuanbo. Multi-satellite retrieval of high
resolution precipitation: An overview[J]. Advances in Earth
Science, 2015, 30(8): 891-903. (in Chinese with English
abstract)

EE, BE, S0, & ARPUKIE (GPMD Ik
HEcHt RERR )], BIEREOR S RH], 2015, 30(4): 607-615.
TANG Guogiang, WAN Wei, ZENG Ziyue, et al. An
Overview of the global precipitation measurement (GPM)
mission and its latest development[J]. Remote Sensing
Technology and Application, 2015, 30(4): 607-615. (in
Chinese with English abstract)

SANDRA P, RODRIGO P O. Evaluation of extreme
precipitation estimates from TRMM in Angola[J]. Journal of
Hydrology, 2015, 523: 663-679.

JaHAZ, TR, Er, %% TRMM PEREKF B RE &
FLAE ML K TR R R[], Aol TRE A4k, 2021,
37(15): 179-188.

FAN Tianyi, ZHANG Xiang, HUANG Bing, et al.
Downscaling of TRMM satellite precipitation products and its
application in hydrological simulation of Xiangjiang river
basin[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2021, 37(15): 179-188.
(in Chinese with English abstract)

A, KB, 5%, % GPM 5 TRMM M/KEHE7E+ E
RISFRRE VA ST L[], KRR, 2018, 29(3): 303-313.
LI Qilun, ZHANG Wanchang, YI Lu, et al. Accuracy
evaluation and comparison of GPM and TRMM precipitation
product over Mainland China[J]. Advances in Water Science,
2018, 29(3): 303-313. (in Chinese with English abstract)
GEORGE J H, DAVID T B, DAN B, et al. NASA Global
Precipitation Measurement (GPM) Integrated Multi-satellitE
Retrievals for GPM(IMERG)[EB/OL]: National Aeronautics
and Space Administration, 2020. https://gpm.nasa.gov/sites/
default/files/2020-05/IMERG_ATBD_V06.3.pdf.


https://doi.org/10.11834/jrs.20220240
https://doi.org/10.11834/jrs.20220240
https://doi.org/10.11834/jrs.20220240
https://doi.org/10.1175/BAMS-D-13-00164.1
https://doi.org/10.1175/BAMS-D-13-00164.1
https://doi.org/10.1016/j.advwatres.2008.04.007
https://doi.org/10.1016/j.scitotenv.2016.08.213
https://doi.org/10.1016/j.scitotenv.2016.08.213
https://doi.org/10.11867/j.issn.1001-8166.2015.08.0891
https://doi.org/10.11867/j.issn.1001-8166.2015.08.0891
https://doi.org/10.11867/j.issn.1001-8166.2015.08.0891
https://doi.org/10.1016/j.jhydrol.2015.02.014
https://doi.org/10.1016/j.jhydrol.2015.02.014

136

Flk T2 (http://www.tcsae.org)

2024 4

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

BB, T, WEHE, %% IMERG RAI7% 578 KSR 1
BRI RE JI TP [I]. AT, 2023, 54(7): 89-97.
DUAN Zhen, WANG Chao, DI Yan, et al. Evaluation of
precipitation monitoring capability of IMERG series products
in Dawen River basin[J]. Yangtze River, 2023, 54(7): 89-97.
(in Chinese with English abstract)

Global
https://gpm.nasa.gov/data/directory.

GEORGE J H, DAVID T B, ERIC J N, et al. Integrated multi-
satellite for GPM (IMERG)
documentation[EB/OL].  2020. [2024-02-23].
nasa.gov/sites/default/files/2020-10/IMERG_doc_201006.pdf.
ROBERT A, MATHEW S, GEORGE H, et al. NASA global
precipitation measurement (GPM) integrated multi-satellite
retrievals for GPM (IMERG)[J]. Atmosphere, 2020, 9: 1-39.
ikah, ZEAK, %2R GPM TR RR K e b E KR B
RG] AR, 2021, 52(5): 50-59.

ZHANG Ru, YONG Bin, ZENG Suikang. Evaluation of GPM
satellite precipitation products over Mainland China[J].
Yangtze River, 2021, 52(5): 50-59. (in Chinese with English
abstract)

G RE, JER. 2ERFEKTTHRI IMERG 1 GSMaP S /K 7E
DU X (RS SRS [J]. HUERA4R, 2019, 74(7): 1305-1318.
ZENG Suikang, YONG Bin. Evaluation of the GPM-based
IMERG and GSMaP precipitation estimates over the Sichuan
region[J]. Acta Geographica Sinica, 2019, 74(7): 1305-1318.
(in Chinese with English abstract)

WMETREE, Switt, FH, 5. GPM H /K= R 7EH E KR
HIRERPEPPAG[T]. X5, 2022, 48(11): 1428-1438.

SHI Lijuan, FENG Wanyue, LEI Yong, et al. Accuracy
evaluation of daily GPM precipitation product over Mainland
China[J]. Meteorological Monthly, 2022, 48(11): 1428-1438.
(in Chinese with English abstract)

TARE, LR, ELR, % IMERG FREFEKF= S TE
[ ) 5 W R PR A ARk TAE 2 4R, 2021, 37(2):
161-169.

WEI Linyong, JIANG Shanhu, REN Liliang, et al. Evaluation
of drought monitoring in China using IMERG satellite

precipitation measurement[EB/OL]. [2024-02-23].

retrievals technical

https://gpm.

precipitation products[J]. Transactions of the Chinese Society
of Agricultural Engineering (Transactions of the CSAE), 2021,
37(2): 161-169. (in Chinese with English abstract)

TLIRR, £, iz, 4. HET IMERG SO FRKEE Al
TR BRI AR M) A0 TRESE R, 2023, 39(24):
153-164.

JIANG Yuantian, WANG Wenting, XIE Yun, et al. Estimating
rainfall erosivity in Guangdong province using IMERG remote
sensing precipitation products[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the CSAE),
2023, 39(24): 153-164. (in Chinese with English abstract)
A, k. FEAEYL, 5. 2IREEKR 2 TR B KI
I IMERG 12 [ 7K 7 il £ F Kl X110 22 ROBEHS

(21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

VPG D). WA RN, 2019, 31(2): 560-572.

REN Yingjie, YONG Bin, LU Dekai, et al. Evaluation of the
Integrated Multi-satellitE Retrievals (IMERG) for Global
Precipitation Measurement (GPM) mission over the mainland
China at multiple scales[J]. Journal of Lake Sciences, 2019,
31(2): 560-572. (in Chinese with English abstract)

IVEESL, BROCRE, EEI, % GPM IMERG EAEFEKEH
TR P X IE AP AT [0]. ARKIL, 2022, 53(7): 98-106.
SUN Guikai, WEI Yixiong, WANG Guoshuai,
Application of GPM IMERG satellite precipitation data in
Guangxi[J]. Yangtze River, 2022, 53(7): 98-106. (in Chinese
with English abstract)

RAVIDHO R, HELMI Y, MARZUKI M, et al. Evaluation of
GPM IMERG performance using gauge data over Indonesian

et al

Maritime Continent at different time scales[J]. Remote Sensing,
2022, 14(5): 1-24.

WRAHEND, 52 RLFT, BOME, 4 BT SPEI ) G W ks
X 19712017 4T 2B =5[] TRS %, 2019, 37(3):
353-362.

CHEN Yanli, MENG Liangli, HUANG Xiaohan, et al.
Temporal and spatial distributions of drought in guangxi karst
area during 1971-2017 based on standardized precipitation
evapotranspiration index[J]. Journal of Arid Meteorology, 2019,
37(3): 353-362. (in Chinese with English abstract)
EZxguit)m. ES % 2023[Z]. b R E S HIR
#2023,

Bdits, BTN, BB T TRMM FEK b KT s
EAF M LA PG AP, B AR, 2014, 45(1):
143-147.

YANG Shaoe, LIAO Xueping, TAN Yumo. Near real-time
drought monitoring based on TRMM precipitation products: A
case study of Guangxi[J]. Journal of Southern Agriculture, 2014,
45(1): 143-147. (in Chinese with English abstract)

MRE, ¥zl BEE, S5 777 TRMM [ R 6 2
AR EERE FE VPG [I]. #i SR 24, 2019, 35(4): 567-576.
YANG Xingxing, YANG Yunchuan, DENG Simin, et al.
Accuracy assessment of TRMM rainfall data in Guangxi at
multiple time scales[J]. Journal of Tropical Meteorology, 2019,
35(4): 567-576. (in Chinese with English abstract)

PRSI, FifET, HEMW, % TRMM M GPM T2 &K
B 7 77 b 7E ) VG ML X odE A PR AT D). K D0 R R, 2022,
48(8): 24-30.

YAN Jingshun, WEI Haining, BAI Cangbin, et al. Evaluation
on the applicability of TRMM and GPM satellite remote
sensing precipitation products in Guangxi[J]. Water Power,
2022, 48(8): 24-30. (in Chinese with English abstract)

LU C X, YE J, FANG Guohua, et al. Assessment of GPM
IMERG satellite precipitation estimation under complex
climatic and topographic conditions[J]. Atmosphere, 2021,
12(780): 1-27.

CHEN F R, LI X. Evaluation of IMERG and TRMM 3B43


https://doi.org/10.18307/2019.0224
https://doi.org/10.18307/2019.0224
http://www.tcsae.org

520 3 MREs%E: HRJE IMERG FEKF S e VU RS VAL 137

monthly precipitation products over mainland China[J]. e S%REMEE, 2017 12-13.

Remote Sensing, 2016, 8(472): 1-18. [33] (T PERATBRBEARMITEY WMEH. | P RIBIREEA
[30] ke, BRse, MEF, 55 MERRRE R EHE Bk ER MTTEM]. bt AR ERRAL, 2012: 14-16.

fE[1]. AKEFZBERE, 2014, 25(1): 36-44. [34] Xtass, BRIUE, EEE, 5. ZEMAFEK™ M SUPER

GAO Chao, CHEN Shi, ZHAI Jianqing, et al. On threshold of TEDCIL I B 238 BE DAL [7]. HBRAS B Rb 223K, 2024,

drought and flood disasters in Huaihe River basin[J]. Advances 26(5): 1335-1349.

in Water Science, 2014, 25(1): 36-44. (in Chinese with English LIU Songyan, WEI Lingna, DONG lJianzhi, et al.

abstract) Spatiotemporal accuracy assessment of multi-source fusion
[31] J7 P E VA X AE G, TR AR EM]. B AR BAR precipitation product SUPER in the Hanjiang river basin[J].

tt, 2007: 22. Journal of Geo-information Science, 2024, 26(5): 1335-1349.
[32] B TLIR, ZEAREE. TV B R ARERAE KO 7 s [M]. b (in Chinese with English abstract)

Evaluating the precision of monthly IMERG precipitation products
in Guangxi of China

YANG Shao'e' , CHEN Yanli* , XIE Guoxue' , HUANG Qiting"*

(1. Institute of Agricultural Science and Technology Information, Guangxi Academy of Agricultural Sciences, Nanning 530007, China;
2. Guangyxi Institute of Meteorological Science, Nanning 530022, China)

Abstract: Accurate monitoring and assessment of precipitation distribution can be vital to effectively manage water resources
and disaster preparedness for high productivity in modern agriculture against global climate change. Among them, Guangxi in
southern China is in a monsoonal climate. A great challenge remains on the notable temporal and spatial fluctuations in
precipitation, particularly for agricultural productivity and ecological integrity. The purpose of this study is to assess the
suitability and precision of the monthly IMERG (V06) precipitation dataset in the Guangxi region. A scientific foundation was
then established to manage the local water resources and disaster preparedness. The study area was characterized by low
rainfall (<1300 mm/a), moderate rainfall (>1300-1700 mm/a), and high rainfall (>1700 mm/a). The performance of the
IMERG Early, Late, and Final products was also elucidated across the different zones. The baseline data of monthly
precipitation was collected from 91 meteorological stations in the period from 2001 to 2020. Three quantitative indexes were
employed, including the metrics-correlation coefficient (CC), root mean square error (RMSE), and relative error (RE). A
comprehensive analysis was conducted on the precision of IMERG products at the various spatial and temporal scales, as well
as precipitation intervals. Results indicate that: 1) Both Early and Late products exhibited similar precision to underestimate the
overall precipitation, whereas the Final product tended to overestimate the precipitation. 2) The increase in precipitation caused
a decrease in the CC and RE for all products, while an increase in RMSE. The deviation thresholds after monthly precipitation
estimation were 271, 272, and 351 mm for the Early, Late, and Final products, respectively. Once the actual monthly
precipitation fell below these thresholds, an overestimation occurred and vice versa. 3) Spatially, the IMERG products
demonstrated that there was a stronger correlation and greater variability in the areas with the higher precipitation, with the
overestimation in the regions under low or moderate rainfall, and the underestimation under high rainfall. 4) Temporally, the
precision of products was higher in the dry season during drought years. The Early and Late products performed adequately in
autumn, indicating noticeable underestimations. The final product excelled in winter. 5) A decreasing trend was found in the
precision of the Final product over the whole years, whereas, an ever-growing overestimation was in the Early and Late
products. In conclusion, the precision of the monthly-scale IMERG product was notably influenced by the precipitation,
indicating considerable discrepancies in the various regions and temporal scopes. Hence, it is recommended to conduct
customized evaluations of product precision for the specific regions and time frames in practical applications. This finding can
serve as a significant reference to monitor and manage the water resources for beneficial insights into the climate zones.
Keywords: precipitation; remote sensing; IMERG; Guangxi; precision evaluation
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