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Abstract: [Objective] The applicability of bias-corrected ERAS5-Land reanalysis rainfall data on the ILoess
Plateau was explored, and its driving effects on rainfall erosivity estimation and erosion simulation were clarified ,
in order to provide data support for large-scale regional climate studies and soil and water conservation
management. [ Methods] Based on a quantile mapping (QM) bias-correction framework accounting for the
complex topography and climatic gradients of the Loess Plateau, this study integrated observations from 298
meteorological stations to systematically correct the overestimation bias in ERA5-Iand rainfall data. The corrected
rainfall data was then used to drive the RUSLE model to evaluate the driving response of the corrected reanalysis
data to rainfall erosivity estimation and soil erosion simulation from 2001 to 2024. [ Results] @ The QM method
effectively corrected the overestimation bias in ERAS-Land rainfall, and the spatial distribution became closer to
observations. The RMSE decreased by 72.1% for annual rainfall, over 64% for seasonal rainfall, and 40.9% for
summer heavy rainfall events. @ Rainfall erosivity derived from the corrected data aligned well with regional
climate characteristics. Summer rainfall contributed over 70% of annual rainfall erosivity. Heavy rainfall events
(R95pTOT) accounted for over 99% of monthly summer rainfall erosivity, while extreme rainfall events
(R99pTOT) contributed more than 50%. @ From 2001 to 2024, erosion changes on the Loess Plateau exhibited
a compound mechanism characterized by climate dominance, ecological regulation, and fluctuation triggered by
extreme events. The annual average soil erosion modulus was 14.44 t/(hm +a), showing a long-term decreasing
trend with pronounced spatial differences. High-erosion areas were stably distributed in the hilly-gully region and
loess tableland-gully region. [ Conclusion] The bias-corrected ERA5-Land reanalysis rainfall data exhibits strong
capability in driving soil erosion modeling on the lLoess Plateau, effectively supporting large-scale adaptive
management under climate change and providing a crucial data basis and quantitative tool for further revealing the
dynamic relationships between extreme rainfall and soil erosion.

Keywords: ERA5-Land reanalysis data; quantile mapping; Loess Plateau; extreme rainfall; soil erosion
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005 T 5 4% 3 o501 AH DG R AR AR A T 0.60~0.75,
AHOCE B AR T A o 5 0L IR B A7 {H B W AE
MAE #l RMSE [ ¥ & 2 {. T ERAS5-Land £l , %
2P O T AR DR, A 6 R R A BT R AF
(18 AT 0 R e S OO R ) R 1R 2

Land [ R £ 43 501 5 56 UE i s 2647 X5 BG4 A, 45

Ak T T A2 KT8] AT AR AT SR S S

R4 BFEEEHEEEBEIUNERHBIESR

Table 4 Validation results of comparison of rainfall interpolation, simulated values, and observations

) RMSE/(mm +d %) MAE/(mm +d %) R
b HE 43 X IS E vl A5
TSP ERAS5-Land TSP ERAS5-Land TSP ERAS5-Land
[ 2.00 2.60 0.69 1.04 0.86 0.71
R AR X K BH 2.49 3.92 0.62 1.27 0.89 0.73
vas Al 2.25 3.61 0.75 1.45 0.90 0.75
I R 9 2.79 3.46 0.61 0.99 0.83 0.72
Vb b FIA E X K M 2.94 3.80 0.66 1.02 0.78 0.64
E 1.55 2.29 0.31 0.58 0.82 0.68
KIFFERB 2.13 3.99 0.42 1.18 0.91 0.68
F A KRR AR G 2.00 4.21 0.39 1.18 0.93 0.69
) 2.47 6.34 0.50 2.14 0.91 0.65
W AR X - 2.74 4.55 0.54 1.16 0.88 0.66

TE TSP A A fEL I K s RMSE 307 R 2% 5 MAE N-F B4 X0 12 2% 5 R AWAHE R AL .

2.2 ERAS-Land HiIE K IE 5
221 FHEFFRAEGERRELR

AT 257 [ W 43 A CID 2, B 4 1 TG 9% W 25 ] 43
A1 52 B i b 1 R Y B 3 1 B JRU 4R ERAS-Land
BADL R TR A7 A2 B 0 R G M R Al B4, L AE 38+ S IR
ALK AT R X R R HE X . 2t QM AR GE 1
ERAS5-Land #8825 SR 50 AF & 52 PR 19 4F 3 7 1 %5 1) 43
A RFAE , AT 359 B T 2 5 00 0 A i ) A R S R T
B AikSkF , J5 i ERAS-Land 1 30 IX 58 4R 24 7 B
562.19 mm, 3k s A {E L 9 A 4B W 1t 449.01 mm,
BPE B AR AL T 29 25.2% . ERAS-Land # 8 F% /
LI 3 23 ] B S - 633 A RS BAIT (24 AR
2%k 1 000 mm, fix K{H ik 1 523.83 mm, i & T
W F K AE 990.82 mm. 28 QM #% 1F J§ ERA5-Land
B R A 24 R Rl 440.76 mm, A 16 4> 4% BT
(Zy 5 BB 0.05 %) #1000 mm , 4 [ 1 55 )
HHOE BN 0.82 #2 %1 0.95, MAE #l RMSE . # F
K, 43 BN 0.32 mm/d #10.43 mm/d % % 0.09 mm/d
MO.12 mm/d, K EHRTE T 72% (£ 5.,

N85 P R 4 M L 3 O ok W 97 L 7E 2 A
S R LA H ¥R A 4 o 0.83, 2,64,
1.28 F10.14 mm/d, ¥ 1 = J5t % W9 2% 95 43 e A AN 3
iy, LB A FEM . R ERAS-Land 848 7 7F
3 M A O 22, 6 DX 3 4R ol S L o A S
ST QM 5 v G 2% 2 e TR I 2 R R
F AL H X R 1.09 mm/d, 50000 {E =
fli 31.3%, ®& 1E J5 K& & 0.85 mm/d, RMSE [% it
64.7% , 55 [A] M1 56 R B 0.86 $2 T+ % 0.93; E 1k N
Ree W o 4 v LA ol 9K s G B A0, D 0 B AR L 3
[ R 2 3.07 mm/d, BWLIAE =546 16.29% , H7E & +
o 5 1A AR DX AT A S i DX A T S L AR TE SR H Y
R F H2 8 #% o4 2.58 mm/d, RMSE &1 65.4 % , 25 [
HH2E R EO 0.78 K 48 T+ 28 0.94 5 Bk 2 J by 5 4 A5 41
H 27 [ W i 1.69 mm/d, & 4l 32.03% , & 1E J5 K& 2
1.22 mm/d, RMSE [ ik 69.8 % ; & Z= i 4 0 45 A5 1)
H¥RE W 2 0.29 mm/d, & WA 29 2.1 /%, K IE 5
F% 2% 0.17 mm/d, RMSE F#AI 77.8% , A B IE T 4
= W Y R AR Al AR S .
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Fig.2 Annual average rainfall on Loess Plateau during validation period

3 WIEHELISEMNSTHERAYEREMNIEE  ERAS-Land ¥ E 5 F1 & IE 5 = 6 5%

Fig.3 Spatial distribution of seasonal daily average rainfall over Loess Plateau for observed interpolation,

ERAS-Land before correction, and ERA5-Land after correction during validation period

%5 ERAS5-Land EWEERIERER(RENE)
Table 5 Validation indicators for ERA5-Land rainfall
data (before and after correction)

RMSE/(m+d') MAE/(mm«+d ") R i1
BIER RER KEH RER RESN RER #IH/%

LAl

#E 034 012 027 008 086 093 647
2% 078 0.27 0.50 020 078 094 654
®&E 053 016 041 013 083 096  69.8
A% 018 004 015 003 075 093 778
A4 043 012 032 009 082 095 721

2.2.2 MinBERAEMEE T4

T 3 LY A W 5 ERAS-Land £ 1F B 5 76 5
O3 EAE 5 95 20 6 (ROSpTOT [ {H , 8 5 58 [ Fi )
55 99 A (ROIpTOT B E , A% 7 1 55t ¢ 19 ) 5 3
i ERA5-Land 76 # 5 B AU A LB (E 4) . #

6 45 5 R, J5 i ERAS-Land % 48 % B i [ 7 =5
(1% 75 B RE A B, LK o il B 0 R R o A RN
(R S PR ARRAE o A TE R R APLE 55 00 I {8 7E 55 95 43050 Fll
55 99 4357 19 RAE 43 51 2 0.74 #10.81, RMSE 43 51| &y
1.81F14.00 mm/d, & B J5i i B4 5 52 B 00 00 A7 7 W]
0 2, FL (R B R 25 R . 48 QMR IE S, A il
Ree W 17 B ELOKG J32 I 35 4 T < R (E 43 90 4 = & 0.89 Al
0.92, B8 AH & P K 3 5% ; RMSE 0 43 7 B 2 1.07
F13.66 mm/d, 15 22 3 4 /)N, 0 H R 5 B T = 1R Y
RMSE B 1 40.9% .
2.3 ERAS5-Land ¥ IE B ™ 3R 3h 19 £ 35242 (AR $0L
2.3.1 ERA5—Land % /3% 3h 09 % @42 4%k A 4 4
2001—2024 4£ ERA5-Land [ F 9% 3l 19 4F Br %
W AR Ik ) AR R T R A AR PR AR At O 3 R
WL 3l o £ (E 5) o B B RREF |, 2001—2003 4F
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W46 %

13 okt Kb R R AL DX T B S 7E 2004—2008 4T BH
R, 2010—2013 4F i BB B PE [ 7, 2015—2018
AR R AR AE B B, 2019 4F LA S 4= 1k 77 B Ok 4 5, OF 7
2020—2022 4F K B By B VE (. AR R B AT
R -k 2 1] - 2% - P 44 5 7 A0 T AR AR R . X R

ERAS5-Land #5240 (1) B Wi if F27E 24 a 8] 3 oK R B
PR A A TR 32 W i B S R R T R AE B

SRS U] Rl ) S B BRI R R E M,
< W b iy B 45 iR R 5% TR S A2 0 o B AR R R T R
M AR RERE

4 FSSHUMEIYSTURERNGEHEMENHE
Fig.4 Scatter plots of rainfall before and after correction at 95th and 99th percentiles:

%6 ERAS-Land BEWHE (KIERE)E
RES AR TR S it 1% se T
Table 6 Statistical performance evaluation of ERAS5-
Land rainfall data (before and after orrection)
at different percentiles

954 it 9943 fir
A o RMSE/  MAE/ RMSE/  MAE/
(mme+d™) (mm-+d™") (mmed™') (mmed")
WIER 074 181 129 081 4.00 3.20
BIEF 089 107 088 092  3.66 3.15

2001—2024 4F ERAS5-Land F§ W 3K 35 19 H [ W
= by S B A 3 A M AEAE T R R R R 2

Oy A RRAE T R (B 6) . 6—8 H M 4Rl 1 i1
W fE I, A3 R IR 3% i T IAB A 6 i 11 A 2R
A3 AW R FEMAL, P AL« B &AL 5 B s
Jay o b B i TR ARl 0 A B R AR A xR
Hu A R BT ROSpTOT 3R 8h 1) H 3 R I 1, 7E & 4F
A B RFFR 0% LU, Hoh 5 25k L
51l 8 35 99 %6 , B MR K I BE LT I A B W AR ik T ¥
H 5 B T F DTk . AR R99pTOT Y o7 ik o
We R se it A ¥ R 5 2 R0 8 RFFik50%
DL T, 2 B A 0 o I R S £ R i ™ A ) UL A 4R o

[F=E=N

HEH o

5 BELEE2001—2024 FFETEME N TUIFE

Fig.5 Variation characteristics of rainfall erosivity on Loess Plateau from 2001 to 2024

MERI =0 i E A E 2= ¥k 1 157,51
MJ-mm/Chm -h-season) , 2 di 4F 5L & (19 70% , JE 1%,
5 BE o3 A — B0 HE AT RRAE (B D . X BT
R 2% 5 [ 0 R W A I s e A BE W) A, LS 78

FBRUSE J A f Ji  6 98 R 0 2 DD AR O, =S T L i
{0 DX 3 B4 v A o B e, S R R X
B s B A AR R R STk 2 00 20 0 806 I
206 , 3 B M o P AR AT < 4 0] 23 A S K 32 T A T
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SE M ATS PR RE AR A 1) P b 3 e ) A B (R PR B IR
TEZ HEMZRBRENTEEHLEZ ;4%
R W A 2 Lo B AR IR, 2 B0 R A 38 KT 20 M-
mm/Chm +h-season) , &7 4F B 09 FE B A 2 1%, B
AR IRE ) B AR 2, H A2 R 1 25 (] 48 &
0 A, A Xl 2 A R X A i IR o A, B A&
T W 5D T I SRR AR AR AT o 3k 26 1 3 1 FR
25 5 5 a3 43 AT B AN e 1 R Y 2R T 43 G
55 X3k o3 A R AR T TR RN 5 R A R A R AR
PiPE g AR B 2D R S B SR A
e v A ey A AR e R e Y SRR T

Be BErXfmRERmENHEREHASE
BEMEMRNMNA BRI
Fig.6 Monthly comparison between rainfall
erosivity from extreme rainfall and total
rainfall erosivity on Loess Plateau

2.3.2 RUSLE# A4 & % iE

38 17 2006—2012 4 5 ] 377 15 A4S 7K 3C v 5o 52
04 0 KO 5 AU SR 2 ) B A OE R BRI NSE &
¥, F RUSLE B8 25 S i Em M (2 7). Hop, 15

A UK S 5 LSS J A DG R 0.22~0.94,
Hrh 9N EWB R>0.60, 4 84X 7 B A 2%
(A & P (p<<0.01) o BRAL R FIJE 3k $3 19 NSE & 21
Fir 1,6 323 NSE R A F 0.3~0.7, 34 L it
NSE ZH /- F 0~0.3, 25K Ui W , 2 T ERA5-Land
¢ 1 [ T 9K 30 19 RUSLE 56 5 £ £ 85 56 31F 3 38 At %
A S DX I A ol A AR A, SR £ XS 4 NSE &
Hh GRS, DL 5 S D 0 i 25 AR, LR B
BT 0L A {0 A T . X AR R R
T, RUSLE 8B (135 F M A7 7 8 & 09 25 8] 5 B e

7 KA RUSLE R BRI IE S R
Table 7 Validation results of RUSLE model performance
at hydrological stations

i IR 3k AL /km® A R AL NSE
1 B2 R 251 079 0.42° 0.21
2 ALK 184 0.94™ 0.81
3 X7 3992 0.22 —9.81
4 Kk 528 0.70" 0.66
5 I 5473 0.86™ 0.64
6 Ja Kk 4102 0.74™ 0.67
7 HE I 3175 0.53° 0.16
8 o7 991 0.74" —1.52
9 IH & 1562 0.73" 0.33
10 PR B 1873 0.28 —6.40
11 e 3k 45 1145 0.82" 0.74
12 i 7k 689 0.31 —0.56
13 Tl e 3839 0.76" 0.68
14 IES)1 283 0.49" 0.04
15 F K 913 0.61° 0.42

FE %, o0 B R R AE p<20.05 71 p<<0.01 /K- i A0 G .

7 ELTFE2001—2024 F R EFERAS-Land MR EFTEREFZEE S %
Fig.7 Spatial distribution of seasonal R factors driven by corrected ERAS-Land rainfall on Loess Plateau from 2001 to 2024

2.3.3 EBEBRENHSH L R B

2001—2024 4 B + 1y i 45 PR 25 8] 43 A 1 0 40
& 8 fif 7 ) . K% I J& B ERAS-Land F% [ 54 5 15
BN R 290 AR 1) PE A6 I T R R, SRR
1) 28 6] o A — B0, B B 3 i 28 o) 5 s . A
FEX MR F R 1 674.50 MJ-mm/(hm +h-a) , & &
X B (RN F>5000 MJ-mm/Chm -h-a) ) F 4

7 R AR R R OB Y B 2R R R 4 D) A
K AL X R 78I (R P -F-<<1 000 MJ-mm/
Chm ~h-a) ), AH N A9 3k 26 1 DX W A 20

C T 52 I ZR B ) P AU i B m i B . #E 3%
TR REARE A AL T ARME S RAE,CH
T3 3 4ERF 7 0.05 PLR B AR 7K P 3 26 |l X5 %% 1Y
P DA AR, S 3 BRI T ARl XU .
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FE Y B P I AR X, W AE A PR BH— A, 4
Z AR BF R PR TRE B2, C 7 22 M 2001 4F 119 0.3~
0.4 FF&ZE 2024 4519 0.1~0.2, 52 W R kK 52 1
FA . PEALER R T B T R R B RO [R] A R
fiE, CHFZ7E 0.2~0.3 Z 8] 3% 3, J5 # 35 #F H AT 14
FRRC i E o B LA py SR B Vb M I, ey Z v
AR S RV M A TR R, C T
fe T 0.35, B A 3 R ok g v U X

P K 1 25 (8] 43 A0 68 Jm) 22 3040 I8 35 0 Xl % I

PERRAE , HAR A X (p<<0.5) FEEh 3 A7ELL T 326
BT b 353 X . D HA 58 36 HEE R G AR BEIX % X
Sl 3 S P b e i AR 2 A I B AR T T K R
FrRRE ; © FEWR B9 AT R IX L 15 28 T H OB
N TR ARk 2 09 AR AT @ 4r LA b IX, i
FE A AR YO A B RO VR W )2 R 3R L T8 LR SR
FE AR PR BT o 33X 3 2 X3 A ot [ e F 2 L A 2
g P Bk 55 5 N R A B A Bl R) B R &R il
75 PR F 5 R 7 X AR 40 %6 ~80 %6

8 BELXFR2001—204F&&EFHZ=ESHREHNTESMER

Fig.8 Spatial distribution of each factor and annual average soil erosion rate on Loess Plateau from 2001 to 2024

HRAE 25 43 A1 09 25 [ 4, 2001—2024 4F 3 +
o JE ) A AR P B A AN /] 8T TR . 2001—2024 4 #
v i XY S 34 SRl AR 14.44 ¢/ (hm - a)
(R ik B S s ) S b, R
BB IX > L R RIX > A X > 45
JEIX >RHEX >V R, ¥ A AR X A
P T A 8 1 1 TR | B 4R Y AR 4 4R R BT LA &
KR BE B A B A AR A IR A A AN
TN, AR ORI F) 21.97 t/Chm'™-a) . 75 g 3R A0 3 1
IR I AR il B % R 20.33 ¢/ Chm'r ), R4S %M X R
PR 7~ A0 6 S5 AIG , (F R #7355 R R L BES TR
TS BT AR RS o X AN KR IE R R T
IR AR AR P A . R R A
X PR A (B 55 L M T B, 4 K 40 oA v KU X
5 0 R A R B R R X T 4 P JR X
AR HE X L] T 7™ E Y 12

2001—2024 4 # + 15 I - 458 4R il 3 R 3% {4 2 3
e fE PR R AR A - B Bl B T AR R AR
(32 8), 1M 31X Fh 42 Ak, 5 () 9 e W 42 1okt ) 04 4 B 182 2y e

JE—%, 2001 4 R 55 00 00 s (E B B, 8+ BRI
LXK A HE e 5 AR X (R i 3R 43 ) Gk B 41.93 A
25.36 t/Chm +a), it & T HAL XL . 2001—2005 4F
25 DX AR i o R T B L R B A AR X B I A
50% o % 2010 4 1 J5 A 4E 15 A LK F, 2015 4F H
B4 X SR AR E, e B 7 A% DX ) 35 7 A% X 43 ) B 2
7.97 M1 7.89 t/Chm +a) . 2015 4 Ji5 {2 foh 38 & 0 & [
F,2020 4535 B B Be Pk i (H L BE S 2 2024 4F B A7 11 3
B S AR T R K

RS 2001—2024 FHAMKE TSR LIEF MY

Table 8 Soil erosion modulus of Loess Plateau during typical
periods from 2001 to 2024 B t/(hm »a)

X8 20014F  20054F  20104F  20154F  20204F 20244
AHE X 773 204 334 138 397 845
+AHILK 1417 1125 1297  7.00 1426  10.98
Wi 152 034 053 022 047 160
T4 JRIX 1152 1131 857  4.63 889 973

W EBEWAX 4193 17.82 1796 7.97  17.95  20.18
WL EEAUX 2536 23.58  23.37  7.89 2459 21.00

Bk 2141 1433 1439 584 1500  14.61
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NI A A PR AR A 43 B (R 9) , 2001—2024 4F 8 +
Fo JE A AR b R A KR S IR B R R .
T A BB VA AR KR IR I AR DX R VA A AR
- RS FY B A, 7 [ B 3 5 A W AR M B & A (R
Tl B s, DR Ok AT B 30 30 R R B R T LAt i X B
+ Fr B VA AR X RN HE A v IR A AR X L AR AR R 4 i R
—0.56 F1 —0.47 t/Chm ~a) , 1 £ 1 1l X F0 7> 28 1k
BRI T A7 JR KR HE X R RO
SRS, 2001—2024 4 4= fh 58 B 25 0] 22 F IR 4 W
B, AR AT SRy 7K A R 2 4 A A X8

B9 BEXFEETSTE2001—2024F
TEHEMERFERTL
Fig.9 Interannual variations in soil erosion
modulus for ecological subregions of
Loess Plateau from 2001 to 2024
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M LS8 4 20 T B T JR 98 AR RRAE , AT B A — 2
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Y B P A 85 S, HnT S v S R AR DX s R A R
O3 IX 25 5 JAH X AR Ak B 03 L T A JR) 3 A i
o TR iR P8 0 Al R 35 ) 22 5 2 i 5 TR AT AR A — 22 Ry
R . AR RE RS 45 & o (%% B il Bkl Bl 22 5 R R
P T R A SR AIE A B T i — D BRI R 2
XA E 25 B B 5 o

3.2 ERA5-Land FEWREBERENBR

ERAS-Land P53 B £ B 400 14 B3 TR 78 35 1 05 D
A R A O 22 R AU A sl A O DU v
i 249 25.2% , 6 ¥ + = PRI AR X A TR IR A
W XA A BRI R 28 o A 5 2 AE A7 9 R R
o Ji A DX A o3 6 B VA AR IE T ERAS-Land
RA RN AR RS T Ok e AT (B LIRS
MR B T 5 X WF AN [R] AR 58 X347 T 28 X5 7
AT , B TR A2 25 KUHE I R 46 T K ) b % 3 2
[F) 42 1), DAL I 15 22 235 0 AN SR B A 0 38 ik L iR R B
MBS R, RIESRER,KIEFD
ERAS5-Land 4l 5 04 1% B b 25 4 T, 76 B R 25 1) 43
A5 A8 B A i A6 T 04 e R T UL D 45 AR ) — 3K
P R, 5 B R (95 3 i ) I A B KRR (99 43 )
RMSE 43 5 B AL T 40.88% M1 8.50% . M4k, B IE 5
AR 50 H0E 5 0 T 1) % AT R RN 2 YT R B A W) A
KR ) RMSE 3 82 71 17 65.400 , )45 Hoak 2
R AR L 51 s 3th T Bk A 2R, (H B R BT o 4 S Y
—2LL b BT 7000 0T F R b R 25 FR A
K45 R AR S P 5 L7 [ A48 1E S 249 [ T 5 40 o
OO i 22, BOEMERE B . ) — DMMERTE RN R
BHJR: , AE E S AR DL it R R 1) AH G 2R 80 2 1 n L 3
X R R e ) A R AT A PR, Ma S5 F 5% A E 5
TE TH XS ) 23K 35 19 A% I 5% T 19 250 B, K5 e 3 43 A
AL IE T RAFEMRAME R RFRE Lk
B, 7R S 0 R Dl RO X SXORP E T i  JR B
A X 452 T R AL ) S o B L 3X AT BB R H T R
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O ity (A AL . AN B B AR5
ERAS5-Land [ R %8 4 1 1E 35 Bl 2 2001—2024 4 i
SR BE Tl a0 UL T B A A 2 2020 4R NG 2E A
JET &, 58 A0l 2 1 X)W o B W9 5 0 S 4% ol i 7
TR E S HT K, RE B IR IE R IE S5 R AT SEPE
AL R AE X 2021—2024 4% 1 4 A B EE X8R
JEE B 23 b SRy PR 5 A X AR AR RR AR 20 R Sk R AR
BT o 5 GEORE, AT R 2021 4F I B4 RS TE SR T R E—
A ST A
3.3 ERAS5-Land 3% B& W 42 {1 77 B9 3K 30 Mg 2

o TR A2 ok 1 T %) o R o R K T BT B T
B 0 R PES A 58 A AL IE )5 ERAS-Land 743
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SR T BTRE O i — 2D SR AR T R B R A e A
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B b2 B S AR R AR S R R T R R vk
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