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Abstract: Grid format precipitation products have better spatial monitoring capabilities compared to ground meteorological station observa-
tions, but there are significant differences in performance among different products. This article evaluates the accuracy of nine monthly scale
precipitation products TRMM, GPM, CMORPH, CHIRPS, ERAS, ERAS Land, PERSIANN, PERSIANN-CDR, PERSIANN-CCS in China,
and selects five better precipitation products from them. XGBoost is used to select the best precipitation products Three machine learning al-
gorithms, random forest and multiple linear regression, were used for data fusion. Research has found that TRMM, GPM, CMORPH,
CHIRPS, and PERSIANN-CDR products have relatively good accuracy. In high altitude and arid regions, the error of precipitation products
significantly increases. After machine learning algorithm fusion, the optimal XGBoost algorithm model significantly improves product correla-
tion coefficient, and significantly reduces root mean square error and bias. The three algorithms have shown good accuracy in each month,
with XGBoost algorithm model products performing better in summer and random forest algorithm model products performing better in win-
ter. Moreover, the three algorithm model products have shown high accuracy in different regions. Compared with the five original products be-
fore the fusion, the accuracy of the three algorithm model products has improved. The product fused with XGBoost algorithm has more varia-
tion and local precipitation details compared to the optimal original GPM product and meteorological station interpolation product in space.
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Table 1 Basic information of nine precipitation products

Z3[a)y  INfE]

BEATRI gy sy AR
TRMM 0.25 H https://disc.gsfe.nasa.gov/
GPM 0.1 H https://disc.gsfe.nasa.gov/
PERSIANN 0.25 H https://chrsdata.eng.uci.edu
PERSIANN-CDR 0.25 H https://chrsdata.eng.uci.edu
PERSIANN-CCS 0.04 H https://chrsdata.eng.uci.edu
CMORPH 0.25 PN https://rda.ucar.edu/
ERAS-Land 0.1 A https://cds.climate.copernicus.eu/
ERAS 0.25 A https://cds.climate.copernicus.eu/
CHIRPS 0.05 = https://data.che.uesb.edu/products/

CHIRPS-2.0/
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Fig.1 Multi—source precipitation product fusion flow chart
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Table 2 The accuracy evaluation indexes of different precipitation products

R 7= i R RMSE/mm BIAS

TRMM 0.9375 32.72 0.0579
GPM 0.950 9 29.04 0.065 0
PERSIANN 0.676 7 71.18 -0.278 8
PERSIANN-CDR 0.883 9 43.54 0.043 7
PERSIANN-CCS 0.389 2 90.17 -0.123 5
CMORPH 0.883 3 44.19 -0.013 5
ERA5-Land 0.867 6 48.26 0.144 1
ERA5 0.864 9 48.67 0.139 1
CHIRPS 09125 38.92 0.067 0

VE R WARXC 2B, BIAS J 2 , RMSE A6 R 4L, F 1]

B BT B B R R A (F 2),
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Fig.2 Monthly evolution chart of (a) root mean square error, (b) correlation coefficients ,

(c) relative deviation of different precipitation products
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A R 7 ok P A EE e LAt ™= AR 2% . 7E BIAS Oy
Ifii , PERSIANN 1 PERSIANN-CCS = AR % T HiAth 7~
i, TEANTRLA 03 sk, HL M 2 A B 4 v 5 HoA ™ i
AN 22 35 FEIE-0.5 ~ 0.5 Z [a] 3 3 %t 9 Fh g7k =
i PR BE AT, R ARG F 3o Ath 7 Fh 7™ iy , PERSTANN
5 PERSIANN-CCS 7= i 22 B 5K, X nl BB 51250
P [ (SR M R SR A K, X 5 B HE (2022) F1
Zhang (2018) 451 —%L . 1 CMORPH %4k 2 9 &
KT i AR AR B K ™ b, EAE A FR IR ZE R, X
5EWTHR55(2022) fEFHFH(2022) 4518 —3K .

R T M2 R G IR R RN TR A AR
RE7K ™ b RIS, 45 3l SO B b RS g 7 B T
VTR GO, I 3. SEHEOR, KR TR ShA
KEF S EBER2IAARIE, Hrh CHIRPS .GPM [F7K
FER I PE AN AR AR L, YRR 2
EGUGR OC FR R U, R 437 i S IR A R O
FERZE T T, ERAS 2932400 i fe K, HAR 7 i B
CHIRPS .CMOPRH FI TRMM Z #b, B 5 S 21 T
B BRI BE R X — B A B
(), R TR M DX T BT 2 4%, Bk 32 31T 4 TH AR
S Hb T b 35 55 Ak 22 TR 22 A 24, T AR, IR R 7KORG
JERIFZ AR (4R I84E,2016)

3 NI K= SRS BT EARIB 1A B B AR X1
Table 3 The correlation of accuracy evaluation indexes of different

precipitation products and altitude

A G FR B S AR R K B B PR A DG, 9 Bl
(34 Jr AR 15 2 S I 5 TEAH DG, LR B R DG 2R B8R Ok
25, SAEMOK RO R R U, WZE Dy TE , TR
DX K3 AR AR /0N , B3 7™ it R R R e R a3 2 3 K, il
W ZE IR R K . BRRE B B REK R
WD AT S RS BE B N R X — R RS
(o B A T 5 1l DX DR AR VA o I, K
S 00 R 25 B[] AR S L 30 /N T T 0 e X R] ok o
MERE TR AL BRI £ (Fang et al., 2019).

4 TR REK 7= G B A BTG SRR At Bk B AOAE 1

Table 4 The correlation of accuracy evaluation indexes of different

precipitation products and average annual precipitation

[ ™ iy P Frovsin o

TRMM —0.116 4%*%* —0.297 1%#%* 0.070 8
GPM -0.052 2 -0.313 6%** 0.078 2%
PERSIANN -0.419 5%=* -0.163 1** 0.305 1%**
PERSIANN-CDR -0.021 4 —0.188 1** 0.233 4%*
PERSIANN-CCS  -0.259 9% -0.0111 0.197 4%**

CMORPH —0.177 9%** —0.250 27%#%* 0.064 8
ERAS5-Land 0.079 1* -0.126 6%** 0.552 8**
ERAS 0.078 9* -0.136 4%** 0.527 2%*
CHIRPS 0.0064 —0.381 2%* 0.076 6

P RIBIL T 0. 05 B EACT ISR o Rl T 0. 01
BE KT IGGEHHR, TR ro PO AE R BORUER 75 FE (06 5
s I ARSI AR IR s o AR RS2 A
LTEALES

TR A S AR K B R YD, T A I S A
HIF 5 I T0] B A 9 A 2 K, L% s R JE i A A
X RN 3 A 4 A 4 B K EAT R OGS B (R 4), AT L

[/ e Tix Fiwse Tus-k
TRMM 0.312 9** 0.822 3 ** —0.246 6%**
GPM 0.226 4°%* 0.821 4** —0.345 8**
PERSIANN 0.520 9%** 0.920 6** —0.498 6**
PERSIANN-CDR 0.207 O%** 0.866 7%** —0.372 &**
PERSIANN-CCS 0.778 1%* 0.576 5%** —0.472 3%**
CMORPH 0.387 5%* 0.708 O** —0.264 8**
ERAS5-Land 0.067 2 0.815 6%** —-0.366 8**
ERA5S 0.075 4 0.810 4** —0.352 3**
CHIRPS 0.267 3%** 0.870 7%** —0.115 2%*

VE AR R BORIAE TR K BRI s rwse PR TR 2
AR R O s oo/ R AR 22 FIAE ST K BEOARE

25 ERTRI R A ™ i 5 B K S0 B840 A e A G
P HAEZS (8] B3R 25 AR, 32 3R & A T8 4

SO U E AL, BRI S EE 7 B R AR

A, 4N GPM A , (BAFAE S Al BEGR ; TR 4377 i LR
AH DG Mg 22, (H A7 78 B 09 D 25 M AIRAG R 4, 4
CMORPH 7= o PRI IF Z IR K 7™ b B, DAL R
HPERL— R K il R R O 4 1 K™ R a3
B 2SRy S PEAL A, GPM L TRMM , PERSI-
ANN-CDR . CHIRPS .CMORPHS5 Ft [ 7K 77 i Al Hr A e
RAF I HA B S PR o 1 ERAS R0 kG
534 DA I PERSIANN F1 PERSIANN-CCS i & ¥ 4l £
FERKINIRZE , RIS 55 SC Rl A 5% .
3 HEEFEIEEmRmAH
3.1 SHMHEFIERERIG T

T & K= i AR 22, R BT JR R K ™
an il F 9 DL A B, 3 BRRE B T 1Y GPML,
TRMM ,PERSIANN-CDR , CHIRPS ,CMORPH 5 |47k
PR HEAT RA AR R T R R K it A P A
R LA A O AUE K ™ il 5 20 2 [N 2R R
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Table 5 Five variable combination model
TG
GPM .TRMM .CHIRPS .PERSIANN-CDR .CMORPH f#J[¢¢
KSR R R AR RK
GPM .TRMM ,CHIRPS . PERSIANN-CDR .CMORPH %
K
Model3 CPM TRMM . CHIRPS .PERSIANN-CDR ,CMORPH MK
IKiE MAE AT
GPM . TRMM ,CHIRPS .PERSIANN-CDR .CMORPH [
IR M R
GPM TRMM ,CHIRPS ,PERSIANN-CDR ,CMORPH [
K AR K i

26 I T H 2 7 AR AR e I AR X 3 A AR
B X AN ] 14 A F A B R TR NG FE AL B X LU A5 5, iy
TR % GridSearchCV A% 18 22 pR B804S 2 %) 1
I AR S & il .l 6 Al 1, 3 R A
Ivi] {4 28 e 2H A AR T, Model 1 ¥ 3145 e i BORG 2,
HH 2% 18 2 i M DR A5 LR OSSP R 2R
/D) Model 2—5 75 Hi (1) Aili 350 45 S TE fEAiff | iX R Zh A
PR R TR MER R TS5 . R 645 B RT
AT, 280 b N7 A Al R AR A R 56, 3
TR [R5 20 A B RS BE AR AR AR T I AR ) 5 2
e BT, B0 28 1k B Gl IS R B K BSCHE | AR X
TG SRR A HAT B 2 A DG XGBoost 1.7
() Model 1 28 41525 3 T SRS B, AH G R BGA 2]
0.951 7, 3% J5 AR 152 22 Jak /D #] 29.52 mm, i 22 [% I
F-0.000 5; AL, FEHLARARIE RN 22 50 B H B
[ Model1 22 £ 2H &, #H 3¢ F B3 1l ik 51 0.949 0 Al
0.949 8, 45 i3 225351198/ 51 30.28 mm #130.09 mm,
i 22 43 531 B AR 51 -0.000 4 F1-0.002 3, 4% 47 B 2. 2
T, HAERCRAA Fb 8 XGBoost 5 1: % 22
3.2 EEZERMEER = mINKIEXT L5

TG T 3R R A 5 S50 7 i R
B2 5, 3 8 I ERRALG 1A 5 MR LR R /K 7 i 5 3 AL
e M BE AR & ] A FE R AR AT e . AR
KRBORFE , 3T O R BOM HLR UG 7 i A
KAETE, KEBSr HIIAE 0.9 LA b RBL T @A I B 8
55 KA B AR e . WIS TR IR R, &2
MEZER AR B S . 3 R 135 7 iR 2% B
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Modell
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Model4
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Table 6 Comparison of results of multiple machine learning algorithms

Plgsee g ARAAH R RMSE/mm  BIAS

Modell 09517 2952  —0.0005

Model2 09492 3032  -0.0153

XGBoost Model3 09488  30.44  -0.0148
Modeld 09491 3034  -0.0132

Model5 09494 3022  -0.0110

Modell 09490 3028  —0.000 4

Model2 09472  30.83  -0.007 1

BEHLARBK Model3 09474 3078  -0.008 1
Modeld 09475 3074  —0.0053

Model5 09487 3040  —0.008 0

Modell 09498  30.09  —0.0023

Model2 09490 3034  -0.0077

MLR Model3 09490 3033  —0.007 8
Modeld 09489 3034  —0.0065

Model5 09490 3032  -0.0072

T FERPHLAR A 20 B 1 Model | LML A Fe AT
R BEEERMER R ERA REEITLE
Table 7 Accuracy comparison between the optimal model of each

algorithm and the original product

e FE A TR ULSLLE
R RMSE/mm  BIAS
TRMM 09385 3344  0.0481
GPM 09449 3174  0.0562
JFfE 5 PERSIANN-CDR  0.8849  44.93 0.033 2
CHIRPS 09150 3973  0.0686
CMORPH 0.8984 4256  -0.0313
FEBLARAR 09490 3028  -0.0004
HlLasa=>] XGBoost 09517 2952  -0.0005
MLR 09498  30.09  -0.0023

R, /T IR A o 7E BIAS 7 1T, 3 ML AR
M ZARNLT- R &R, A R
JELHR = i e Al SR A RO BE G , AR T B4R 7 b, 12
AR R 0E , BEBIHIL g7 > B S A 3 B9
e B, EAh, 3REEH , Zon bk mlIH 2k
THEHLARARFN XGBoost, H e [ /K 4= 6 1Y L 2=, XG-
Boost A BE AL , 11 BENLARMRAE K /D19 4 5 1A
R ARG AR I AA e A R 225 . 2 b
Jirids e H RS B Bl 7 i i T 56 i o
ROPE—W I T = RHLaR 7 ) Sk S LR R )™
55 215 Bl Rl ) LR JSUAR 7 TR A (] v DX R
FRRE EHE B, B 4 g B 40 o oA oA DI, R LA 3
SRR R B BORTRE  IR RN . R
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Table 8 Comparison of precision between different precipitation products and algorithm optimal models in different months
\ . SRR K™ i SR G it
AR 07— pRSINANN-GDR  CMORPH _ CHIRPS _TRMM _ GPM__ XGBoost RF MLR
1 H 17.12 23.33 17.72 12.75 9.89 9.08 9.12 9.84
21 22.48 23.33 16.27 14.07 11.29 10.42 10.19 11.17
31 27.42 26.09 22.70 18.76 15.70 15.03 14.68 14.94
47 34.81 33.72 29.45 2517 2233 21.52 21.34 20.98
5H 50.78 49.84 44.47 3769  35.78 33.14 33.44 33.53
RVvSEmm 0 6925 6354 59.91 5276 50.04 47.46 47.92 47.79
7H 0 7548 6695  67.18 5685  54.94 50.17 52.93 51.96
8H 63.47 61.75 60.18 4998  49.14 45.09 46.80 46.12
91 46.65 43.86 41.60 3516 33.99 3113 3227 32.08
10 7 3521 32.08 29.71 276 2195 21.72 21.59 21.34
11 25.77 2591 22.33 16.88 14.41 13.75 13.75 14.19
12/ 16.90 19.74 13.28 10.02 7.78 6.96 6.78 7.81
1 H 0.889 7 08025 08835 09509 09728 09732 09727 09693
2H 0.837 1 08274 | 09144 09436 09647 09656  0.9670 09628
31 0.898 7 09090 09366 09581 09698 09705  0.9717 09712
47 0.895 3 09005 09270 09475 09583 09601 09608  0.9622
5H 0.887 8 08934 09244 09405 09470 09534 09526 09524
R 6 H 0.8717 08923 09057 09271 09360 09419 09406 09416
7H [P07634 T 08210 08266 08741 08835 0.9023 08906  0.8952
8)] | 07871 08066 08412 08749 08811 08984 08901  0.8937
91 0.820 1 08465 08674 09037 09106 09237 09178 09191
10 0.8519 08745  0.8958 09395 09444 09451 09456  0.9477
11 0.853 5 08556  0.8941 09453 09587 09601 09601  0.9577
12/ 0.836 1 09037 09538 09725 09741  0.9754  0.969 0
1 H -0.0436 -0.011 7 00438 00374  0.0394
2H 0.0654 -0.1838  0.0495 0.0868  0.060 | 00073  0.0043  —0.0062
31 0.0571 -0.0486  0.0715 00788 00794 00073  0.0017  0.0018
47 0.0637 -0.0218 00424 00478 00549 -0.0090 -00111 -0.0167
5H 0.0266 00015 | 0.0886 00371 00528 00006 —0.0001 0.0035
BIAS 6 H 0.0548 -0.0064 00444 00270 00401 -00116 -0.0091 -0.0137
7H 0.0378 -0.0259 | 00795 00395 00438 00026 00050 -0.0025
8 J1 0.0266 -0.0083 [NOMBON 0.0386 00559 0.0063 00098 00134
91 0.0344 00039 | 00927 00552 00553 00012  0.0002  0.0023
10 7 -0.0404 -0.0401  0.0151 00310 00252 -0.0309 -0.0318 -0.0392
11 0.0376 -0.0510 -0.0373 00947 00851 00008 -0.0008 —0.0030
12 1 -0.0385 202146 00033 [04216 01223 00231 00126 _ 0.0176
TE: B EGR SRR BT IR RHA S dee ), R I
F9 AEEH XK mEEERMUEEIEERBRYT
Table 9 Comparison of precision indicators for precipitation products and algorithm optimal models in different altitude regions
\ . JERRFEK = I AR 7=
WRRGIE PRI —5pee i N"CDR  CMORPH _ CHIRPS _TRMM  GPM__ XGBoost __RF MLR
0~199 39.87 36.06 34.20 34.43 34.18
200~499 40.68 38.35 36.62 30.63 2842 26.71 26.98 27.22
RMSE/mm  500~999 42.47 37.81 36.66 31.65 3112 2826 2975 30.36
1000~1499 26.75 27.57 22.22 19.19 17.58 16.86 17.15 17.02
=1499 43.54 37.54 35.70 28.84 3284  28.69 3121 30.20
0~199 0.8813 0.8886 09063 09322 09464 0.9498 09490 09497
200~499 0.902 8 09159 09253 09500 09553  0.9593 09585 09577
R 500~999 0.8879 09111 09121 09367 09428 0.9497 09465 09466
1000~1499 0.904 6 0.8983 09368 09521 09602 0.9629 09616 09624
=1499 08786 09073 09295 09078 0.9310 09193 09224
0~199 0.060 2 -0.0168 | 00720 00551 | 00813 | 0.0014 00055 0.0032
200~499 0.012 4 ~0.0314 | 00664 00830 | 00620 -0.0015 -0.0073 0.0057
BIAS 500~999  [NE0.0904 =095 0.0356 —0.0155 -0.0358 -0.0353 -0.0625 =0.0717
1000~1499 -0.017 7 00138 00525 00455 00540 -0.0015 00043 -0.0276
= 1500 -0.0527 0.0186 00226 00191 00297 _ 0.0285
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Table 10 Comparison of precipitation products and algorithm optimal model precision indicators in different annual precipitation regions

—— TR K 7 AR 27
/mm PERSIANN-CDR ~ CMORPH  CHIRPS TRMM GPM XGBoost RF MLR
0~199 17.72 14.31 16.68 15.28 22.08 16.73 19.96 20.06
RMSE/mm 200~399 26.91 23.65 17.74 16.42 13.16 11.38 11.71 11.70
400~799 30.28 29.94 28.44 23.46 23.25 21.27 22.83 21.93
=800 42.43 39.61 37.30 37.68 37.72
0~199 0.665 4
200~399 0.786 1 0.795 4 0.879 1 0.904 2 0.928 8 0.943 3 0.939 8 0.939 8
: 400~799 0.865 4 0.863 9 0.880 4 0.919 1 0.9244 09306 09211 0.926 8
=800 0.863 9 0.884 0 0.900 0 0.927 6 0.9375 0.9444 0.943 2 0.943 4
0~199 _ 0.428 8 0.5257 0.629 0 - 0.364 3 0.432 8 0.598 9
BIAS 200~399 0.229 6 0.137 7 0.124 4 0.1529 0.0914 -0.0080 0.0106 0.001 8
400~799 0.134 3 0.027 2 0.079 0 0.084 5 0.1109 0.016 7 0.021 8 0.005 2
=800 -0.0122 -0.059 6 0.058 9 0.027 8 0.0311 -0.0084 -0.0112 -0.0104
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Fig.3 F-score of characteristic variable in XGBoost model
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Fig.4 Spatial distribution map of monthly average precipitation of (a, d) XGBoost algorithm, (b, e) original GPM and (c, f) meteorological station

IDW interpolation in (a—c) Chinese mainland region and (d—f, the black flame in map a—c) Fujian Zhejiang Jiangxi region from 2003 to 2017
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