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ABSTRACT

ABSTRACT

The Loess Plateau is one of the regions in China most severely affected by soil erosion
and characterized by the most fragile ecological environment. Rainfall, particularly extreme
rainfall events, is primary external driving force of soil erosion dynamics in this region.
Therefore, improving the accuracy of precipitation data and understanding the mechanisms by which
extreme rainfall affects soil erosion are of great importance. In this study, the Loess Plateau was
selected as the study area. Based on observational data from 298 meteorological stations, the
quantile mapping (QM) method was applied to correct biases in ERAS5-Land reanalysis rainfall
data. On this basis, the study systematically analyzed the spatiotemporal evolution
characteristics of erosive rainfall, extreme rainfall, rainfall erosivity, and soil erosion on the
Loess Plateau from 2001 to 2024. Furthermore, by integrating the Revised Universal Soil Loss
Equation (RUSLE) model with the geographical detector method, the driving responses of
major factors to soil erosion were explored. This study provides a scientific basis for soil and
water conservation zoning, ecological restoration assessment, and erosion risk identification
on the Loess Plateau. The main conclusions are as follows:

(1) A high-precision regional reanalysis rainfall driving dataset was constructed. The
original ERAS5-Land reanalysis rainfall data exhibited good overall performance in identifying
rainfall events and capturing daily-scale rainfall variation processes on the Loess Plateau, with
86.24% of meteorological stations showing an Equitable Threat Score (ETS) > 0.25 and 85.91%
showing a correlation coefficient (R) > 0.80. Nevertheless, systematic biases remained,
including an overestimation of mean annual rainfall by approximately 25.2%, with more
pronounced errors in topographically complex areas, during summer and autumn, and in the
simulation of extreme rainfall events. After bias correction using the quantile mapping (QM)
method, the accuracy of the ERAS5-Land rainfall data was substantially improved: the root
mean square error (RMSE) for mean annual rainfall simulation was reduced by 72.1%. Post-
correction, the seasonal rainfall bias was controlled within 5% for all seasons except winter,
and the spatial correlation coefficient increased to above 0.93. The corrected reanalysis rainfall
data adequately meet the application requirements for extreme rainfall identification, rainfall
erosivity estimation, and soil erosion modeling on the Loess Plateau, thereby providing a
reliable rainfall data foundation for subsequent research.

(2) The evolutionary characteristics of rainfall erosivity toward intensification and

extremification were revealed. From 2001 to 2024, erosive rainfall consistently constituted a
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major component of the annual rainfall on the Loess Plateau, accounting for a multi-year
average proportion of 47.36% of the total annual precipitation, and exhibited an increasing
trend at a rate of 1.32% per decade. Furthermore, the structure of erosive rainfall showed a
shift toward an increasing contribution from heavy and extreme rainfall events. The mean
annual rainfall erosivity increased at a rate of 135.07 MJ-mm-ha™'-h™'-yr' per decade. While
the erosivity associated with moderate rainfall remained relatively stable with a slight
declining trend, the erosivity from heavy rain and torrential rain exhibited increasing trends.
The enhancement of rainfall erosivity on the Loess Plateau was primarily attributed to the
growing contribution of extreme rainfall. Rainfall erosivity was closely correlated with
extreme rainfall intensity indices and the extreme rainfall relative index, but showed a
relatively weak correlation with extreme rainfall duration-related indices. This indicates that
the observed changes in regional rainfall erosivity reflect, to a greater extent, the
intensification of extreme rainfall events and the increasing contribution of high-quantile
rainfall, rather than a significant prolongation of rainfall duration.

(3) The strong dependence of soil erosion processes on extreme rainfall events was
elucidated. Soil erosion processes on the Loess Plateau exhibit a pronounced dependence on
extreme rainfall events, with regional erosion dynamics highly concentrated in the tail of the
rainfall distribution. The soil erosion modulus calculated based on R95pTOT (annual total
precipitation from events exceeding the 95th percentile) varied almost synchronously with that
derived from total erosive rainfall, with the corresponding proportion consistently remaining
at a high level close to 100%. In contrast, the soil erosion modulus based on R99pTOT (annual
total precipitation from events exceeding the 99th percentile) accounted for approximately
50%—-60% of the total erosion modulus, indicating that although extreme heavy rainfall events
occur with relatively low frequency, they exert a significant amplifying effect on regional soil
erosion fluctuations. The influence of land use change on soil erosion exhibits a "dual
characteristic": in terms of structural adjustment direction, the reduction of cropland and bare
land, the increase of forestland, and the stable extent of grassland are generally conducive to
regional soil and water conservation. However, in terms of actual erosion response, grassland,
forestland, and shrubland—owing to their extensive distribution in erosion-sensitive areas—
still bear a relatively high soil erosion intensity. Future soil erosion control efforts should
prioritize the enhancement of soil and water conservation capacity in grassland within hilly
and gully regions, as well as in forestland within ecological restoration areas.

(4) The spatial differentiation of soil erosion is controlled by multiple interacting factors.

The RUSLE model driven by bias-corrected rainfall data effectively captured soil erosion
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ABSTRACT

patterns. From 2001 to 2024, the mean soil erosion modulus was 14.44 t-ha'-yr', showing a
decreasing trend over time and a spatial pattern of decreasing from southeast to northwest. The
importance of influencing factors follows the order: Terrain factor (LS) > Rainfall erosivity
factor (R) > Soil and water conservation measures factor (P) > Soil erodibility factor (K) >
Vegetation cover and management factor (C), with topography (LS factor) playing the
dominant role. Rainfall erosivity serves as a key dynamic driver, while soil properties and
human activities act as regulating factors. The interaction between factors significantly
enhanced their explanatory power, indicating that soil erosion is the result of multiple factors
acting together rather than a single controlling factor. The mechanism can be summarized as:
“topography as the foundation, rainfall as the driving force, soil and human activities as co-
regulators, and vegetation as a supporting factor.”

In summary, this study corrects the ERAS5-Land reanalysis rainfall data, systematically
reveals the extreme rainfall-driven mechanism underlying the increase in rainfall erosivity and
the fluctuation of soil erosion on the Loess Plateau, and provides a scientific basis for regional
soil and water conservation zoning and ecological risk identification.

KEY WORDS: ERA5-Land reanalysis data; Quantile mapping; Extreme rainfall; Soil erosion;

Geographical detector
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500 At 2 [ A AE B E M7 (Dalla Torre et al. 2024). £ HRIHT 7L, 1R/ & M
I JG 1) ERAS-Land F-93 B 808 3547 #l 38 W9 S5 AR ASADL S5 7K Rt 2R 0P Ay, o 260 3
L FHAEAR ) S vk S5 (R RS 53 HT o R ) A 5 DT IR 5 B R Dy 3 5 () 3 i SR HBL X
AW iy o R 0 A2 it AR B HEZRME ISR AR, B i BT BRI RGP ZE T R R 52
M52t XU PP 485 2R

1.2.2 RimkERSERRMDMRIER

2k I 52 et 77 e A o R X 3987 A AR P ' P E E D I L e, 2 38R TR
R SR INEN R 1o TR, AEERRARRR T ST, Wom Fa I F AR RO L 5 S
oA R LA, A A A i e - R R AR T 70 22 T R 5% A RO R AR P 7T
MBI N DARTTERMY, BRI A BT RIS, 1AL XA 1 N e o
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FERSERT o 0 B Y A 2 WO ek R B I se, o ook 0 R AN B 5 9 42 B 9 R A AR A 6
BAR, AR B R R A A vk (Nearing et al. 2017; Yin et al. 2017),

Bl A0 06 T A o P W 5 PR A2 Tl g ok RIS AP R, B AL N S AR G PR T A2

POTHEITEEIR DY, 3B P B B B R AR TR DT L A SRR AL L RORAR A
H AR kN 55 7 . Nearing etal. (2017) BFFLRY], FERR AR50 O sl SR
FE 1 X380 R Bk REY R, Howt 7t 3 S BT B~ 3 B N 25 1F R R ol g )l 4%
[i] X} 568 55 Y FT B it B2 R DT MR P IR Al Yinetal. (2017) #E—200K, FEMRM AR B
FPEWE. FEm RS W R ILFE SR, RIAHR T — A B i A, i 4 R
I R B 5 AR SR T ) N R TR v AR BB, DTN S TR T AN e VD Fn B8 7 A= i 3
SOMA) o AR, N B A R AR Tk I T SR IR g — P da Y, A P YRR S P A Tk
N BAFAE R ER G ORR, muRE . 507 AN s AL % R S 1 358 hnae o 2 B 25 52 7
SERRDR T, FERTREBOR X 38 L 32 1 XUS: (Wang et al. 2023; Zhao et al. 2024), [ifi
EWF SRR, [ &8558 T 46 5 D0 5T A i A TR T A 452 1k 77 %) AR e 1 TROR RRR
FHIRHIT TR, Bl o 0T ek ot R 42 1k g ) B iR A AR 5 A I 6 AN B B R A, BT 20>
By v o P 1 N A R AT DT R OR S AR ph RE B, X A4 A T A2 Tt 1 56 o T 8 ) 73 A L T
b /i M AR AL BE U (Chenetal. 2024b) . [FIN, ZERKSMBEBIIER T, SFREX
SR PR AR B AR BRI Aa s, T — AR A S W v A R S s DA oG, U I AR
B W IEAE O IR BN AR AR B AL ) E 2L R (Li et al. 2024b) . [ P 9T W i [ W
BRIk R R B T b R R TR I8 A 17 R AR
XK MR BURIX . CAWTFRRY], TRE BRI 1 7 02 TR ey A4 5 e e S 0 o
BN 23 A — 2, AR AR A SZ P S, 5 5 A A M AR AR 25 DI AH oG Wed etal.
(2022) Fath, [ AN AMH BT FT O TR 200 i 4 R AR AE 5 B AR 1k ) 2 TR AE i
FIRAR, ABAS[R] X b v P2 R o6 432 0l B AR Bl 7 AR 22 57 e s 7E B R M X
MAESHEFHIX, X PR B XIEEFAELMERHE. Xuetal. (2021) 78 HER R IEHT
FARIN, PR A I W S K 2= 22 e AR b ik g, T HL A i P e O AR
VIAHSG, 0 9 B AR A R ok ) A oA S 2R H .

B R TR DK R R ™ E X 2 —, R A B R S B IR T 08 &R
B X . BREIm S (2022) FIETIRSE (2025) WFFLRI, B4 & JE RN AR 7 Sk
I EH 2R T T VG G O ) A TR A AT A Ry, X H Ry 5 DX s A T A R A R 0 A A —
o [N, B R ) B R ER ), HARRR S PR S S Ak,
LomBEm bhpl . PR R UK REAFE S & VIFHSE (Jia et al. 2022; Liu et al.
2018; Zhangetal. 2022a). FH.H1, Jiaetal. (2022) fgifi, 264/ EFERR PRI XTTE
Wit B EE R, RYIFER R AN I A 5, A — @R BRI
7 AR v A O IR AR T Vb B IR B o AN, BN R v D A v A R AR AL R T FE AR

4



B it

FO, T LA R DX N 0 40 98 B SR ANAR N Bl o R R Fe bs R IG mia s, mirstEde
PR AR ARSI 150 B X 35 b4 9 28 10 B 22 A B0 A o I 58 8 56 J% v 23~ o 9 DT R
b, W ARERSEN A B FE K (Sunetal. 2020). MR REAES, XFARRRAE R
o B v R AR ok RT RX ve 4 7 5 R S S R, e SR R PR B I T
SEUR MR EE PR TG R X R XU . thAh, TR T IR 2R mok R
I3 BT 1 /R B S T B R A2k /745 85 : Daietal. (2023) PATE -5 291 NS Gk g3t
#E, VPl 1 ERAS BdRAEE . 2= A REEMRMMEE P&, JH455 YLK
TFEA AR 3T TIRZERIE, S5 RKW ERAS 1835 1= it B w AR 1l g A
BARUE 77, BT E ) F B R AR iy 7= A S BEE T O T, R gk
— 35 N T IR A R SR B AL S AT AR AT A N

HH AT O, ] P A 0 T A s 4 5 B AR 1k ) O L CLEUR A 2 R, AL A
FH 540 %) % AR e g T B8 A0 P e 380 A s e R AR T 0 R0 s BIRBD AL 23 B B ok ok A2 A
TNEE T AHIAB FRAAFAE— AL — 2 2 H00F T 5 [ W A2 1k ) AR I 2 4
JR) S AR, X AN [R5 2R A% i A R i 2505 R W AR ol 70 2 D 22 e A Y 56 R R I AT
AEIRN s SRR i X RIS X, BEAR T AW R 1B AR ) Ak
2R )5 SERRAE, AEX BB i Sl SIS RE Xof WM vty 248 % T i v ) S ) 52 1 A 9 42 o
IR RTIECAA R, = RIAT T2 NUEG T BUR M) 7 B — AR, Xt
B4 9 AR A — [ ARl g ] B — L 3R T R R IX — SE BB SR B R G AT IAR X A 2 o A
I, AT moR R A, 3 — Do i v v A g B T 5 A R AR kT 0% R
F,  LAFR AN [F) S 2R AW vty 6 5% [X 45842 e ) 1 AR A B S IR AT L

1.2.3 RUSLE {R& 5 +IRRMIREIR R

BT A IR L T2 (Revised Universal Soil Loss Equation, RUSLE) #&7E USLE
B R BRI AR, FEH TRy LR ks, HizorEd
FERGAZ Iy SRl L SIS R | AR o 5 A B DL S OK S ORI 55 R T R S
KRAE IR UITFE (Wischmeier and Smith 1958) o XL A A (58 1-1) , WEPP
A SWAT 5 — Lt Y BOR HA s 1 R e, (RS R M FERZ NS HMANK
AR SCHE, BT AN A B DX ) 5d B 1 7R AT R #E . RUSLE 1R A — A ML & Ia 5
B, oagld 7 RESHISUE M R, Frald H T L E8E M E 21l RAEH
YA BRSO 8 L FE AN B S A, 2 AT N A R B A
R A IG AR (Bircher et al. 2022; Kumar et al. 2022; Liou et al. 2022) . 4k, FE
T E IR R MUK RUSLE RO, #f RUSLE BT 2 1E. X5
(1999 FIH kI FI55(2001)FE T 1841 MHUHLAFERHE, 7575 8 b [E BESOK IR Ry 5
R G K LR ERRE it P LAt ¥ RUSLE J7 F2 A BRE 4 78 55 IR 1~ A 7K R R R it A
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TEHNEYER . LSRR 3 N, HAR R, ST
R E 3R 2R 5 R CSLE(Chinese Soil Loss Equation), F ATRIIAS [F] 7K - AR it T~
PRk AP R kB, bR WL, CSLE BB 2 A2 TR H /K R R I vEA
Rl & IR S EMAK. RVEBIE AR, &6 TR E X B8R E £l
TH 5 CEAHI F B A DGy A o b W AT -t R AR 46 T, CLSE B8 4% 28075 SR Aid
Yo ] () R BR 14 AT e A AN i RUSLE 584 7E R Bl R4 T Aoty v B L AR 3 o

#1-1 BIERMERI AL (MR etal. 2016)

Table 1-1. Comparison of soil erosion models.

By EA3iY) - RE - 450
2] Fi} [

RUSLE (2L o8 a e q1il] a8 i

SWAT VB A I R o3

WEPP VB A I T\ NI R/ PARIIEY

Ak, BEERERS. GIS A1 DEM 4525 (8] 4 1) & J&, RUSLE RN H] C HifE 48N
SRATI I R R Bk, XY B E KR, KEWTFIRY], RUSLE £E R 5= 1
X AR ks T g3 e DA R M 9% R SRR AN K - ORefep  B1 B A o i A
JeHE S SRERK M R . B R AK X A m R 45 S T R A AL, (Alaei
et al. 2026; Delgado et al. 2025; Mathewos et al. 2024 ). 5 IL[RI, FHISHE 7 A W52,
RUSLE SARTE XSl R R, AH ARSI S S0 m A\ B0 o i e B BURR, G B
R A= 77 DR R 7K e (R R 4 i B A 78 i 0 0 R 7 ORGSR D VR &5 2,
DT A 7Y 7 Y LE AE < BE 75 7328 20 8 1) << T ] 412 v 25 B0KG 52 15 IX 380 P I B B
(Akpa et al. 2024; Yan et al. 2025),

FE LR PR S5 T, BAW Iy, IR AEd R T g, M
FEPERY L M. RIEVEST . AR T AN R AR A 2 IR ILEME RS R . ARIX
SRAIE FEAIAR WY, I A B s Bl ) ML 2% A2 R e AR B RO R R R 7, PR AR
oy 73 T 2 532 M0 A2 et o i 9 R 2 1) 22 S ) RSB S0R X, T ARRLA Pk SRR L R R e 4
I H B0 B PR ha R (Chen et al. 2024a; Jin et al. 2021; Zhang et al. 2024). IT4F
K, BEAEBENLARAR . SHAP MIBEERIN 25557775 9 A LSRRI 7T, 2FE AT G N
MRIK R 5~ HIAR RS ok S AR AR, 4R AUR BT 5 o0 ai# . sthod) A2t 2 [a)
HAAFAEARMER &R R, MRS 1E B 98 T 8 T/E A & (Lietal. 2024a; Min
et al. 2024). ¥ b R K E K LR AR E, R ER MK XIRZ —, Wi
RUSLE #5845 A 3542 th IR Sh i 78 ) G X . AR, W\ bm R IR
PRI S5 AR SZ TR« B BE BT « AR L RELB 78 o A 2 LA S R FH A
W2 B R IL A M), b B R A AR AT AT AR 2 50 X A4S Pt i 2 38 A Y S



B it

K7 (Baietal. 2024). BEEIRPHEMIL AR ME TRERFEEMER, 045 R HIEER
PSR R, (HIX P SE JF IR pal i — R R IRsh, 1R AR IR E
ARG A EH FIERISE R Bt it — 23 H, ASIEE R+ 5 E R
IR RYE T E AR, (LR RY 1Y 5 0 F R A A R S 0, 2 M S5 RE B A A SR Rk
THARORE, AT A =3 30 X 45k A2 ot XU A7 52 9 B 84K, (Shii et al. 2025).

Ht AT W, BN 4T RUSLE #8532 iR sh it 7t SRk b, wFse i
A R 5 AR A AR D R B IR HLA RN PR A8 B A BA R R SR AR A PEAL
4771 (Dash and Maity 2023; Lai et al. 2024). {HI G W RANFEAE—EAL: —J71H,
VF 22 Tk 70 500 EE AR TR AR B (10 25 ) 3 P AR i e il P, xof B R N R 22 TG L & FE A T B
Y 15 22 0] 38 R 9 AR Tl g A IR R e 42 B P4k 45 SR TR AR AN R s S — T,
G o o - JEUIX AR B N B X, AR CE I FC IR B PR R . AR 0 78 2 AR B
ER, BN 2 R 748 AR R X302 5 1 R s . U7 =g FE o
BT ECHE SRR T S K B 9 O 22 %8 1 W RUSLE AU R SR BAL ] 23 A1 B 388 e Sk IR 741548020
DAL AT 3k — 25 M R B N —12 1h B ) — 342 i 23X — 58 B 4 T TR 2 A W R

1.2. 4 FFEREEFA E

(1) HEBEHAN ERAS-Land F-43Hr FERY Z08E HAE R 00T 504 593E A MR
8/, T ERAS-Land FFERMMEREW . BRNEM IS5 L BEm—EUHARE. C
HHFF D445 ERAS-Land 755 s MUK X A 7E RG22, K25 TAE 1 B (s B 1 b
WO HEL G SRR ) B o B R S B G A e 2 TR, o S AR 2 e i — B B
I T 152 e 0 3 A A5 TR 28 SR R G AT o TRIT S b 3 6 T A I IE—
{2 o R AR S — g A gt B — - SR i 83X — e M R T SR A T 9, X T
TRAN T 43T 6 T 0 7 (2 bR 5 v f o P LA T % 3

(2) ST PR Y G e gt B2 el P R R ol 70 3 TV T LB R ok B AT A BB IR
Ao H LT R AR . SRR, A /K 3 2R A B R 24— 33 E 22 VR T 3
o B S e 7 X A A8 o A e B R s (E A B 90 £ SRR M B R R AR IR
TS V0 () B, &6 B B W 15 R R AR i g 2 1056 2R, A B JHE oo [X 35k - 438 42 e B
e B R G FRAT A

(3) WA BRUMPT N 2 EHFRESEHA RXBREEASVLH K% .
b IR R . MUK R RO MR T 5 2 R B SRR, H AT
FUALAL O T 8 — PR R B — i R T, 0 TR B R B Y B R AR AR E
- ) A A6 S R R B 3982 i SEFLAR Bk S0 R G X R B 25 B T 4

1.3 AREFSAR
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1.3.1 B

(1) P& FFAZ IE ERAS-Land £573-#r B e s 76 o L B a1, M — Bk
B KIFHIRIbE MRS EE S, e SR A FURR AL R SN

(2) 7R 2001-2024 £F 3 -+ 5 JFR Ik e T o A 3t 60 G % 68 G 12t 7 FD I 2 35 28
FIAEE, [ P AR ity 2R T 35 ) AR A %) [X 35k AR T i g T s AL

(3) H TR IF J5 B F 4R 3K 50 RUSLE #5, 5@ Bl - 8 pn 25 A8 (LR 4E, 35
WUHTE . FRRT. RERE . TR ARG B TS 5 HAE A, 3R 3 i K R
Fror X e B R Rl 2A KR

1.3.2 AIRAR

(1) ERAS5-Land B8R 723 5 R FE F AP

LS i SRS G I A e, RGEVEAL IR 4G ERAS-Land T4 7 BF W 2
FERF 0 X B P4 WY S AR IR0 B8 7 B 3 A8 0 1 8 ) B AN [ AR 25 b 3 73 X o (1038 FH 1
YT FLAE 5T 2 M DX RO AR i 46 W 2% A4 T R ZE R AIE o 7 St b, SR 20 A i CQMD
J5 5% ERAS-Land B# F 308 HEAT w228 1, ok BAS 1E B i F- 40 B B v 5080 -5 00 0 5 s
ARV B, AT i B0 A o R 000 A 2 vy D X IERUFE A 5 v AR R P ] 4

(2) IR R R RN S5 AR i T O B AR AR

ML IEJS 1) ERAS-Land FERVEAE, RAIFF401T 2001-2024 4F 35 i R A= il B
MIEFE, 23 BT T o T IX 3 B4 0 22540 P ) o B B A [ B AR o e 2 T PR AR A AR AT
[R5 326 A 3 T 9 88 P ARRE R AR o P P ML PR Bl i P R B 0, R b
i AR i e W (0 2 TR) 2 AT AR AL RSB FAF BRUE BN RFAE, BHfIET 24 4F DX 38 P R 8 A0 i
Y AR it 94 T 348 5 1 o AR AR

(3) HERIEEWRM R R RE

FEZ IE J5 ERAS-Land P4 Ry EHE £l B, (5505 i Ji 2001-2024 4R 1 FERT 4= 1077,
Gy BTSSR R AR Tl ) AN (R B B R AR Tk D B 2 R o0 A ARk . AE BRI B A1 R AR
R, HR7R DX 384 MY A2 1k g BB 2 A A . 3 — 2D S A Wom B R FE 2, AR L 4R
A FRIAE T A8 i P 58 22 A D7 TR I e R AR b 77 5 W o o R S TRD R DG &R, o) B o s T %
R 52 1ok 73 5% 55 2R I R g 7 AW it 4 T 52 P ) 7 AR AAE

(4) BEFETBREMBRERRERIIRR

WL IE J5 i ERAS-Land %M %045 39X 50 RUSLE #578, 5 20012024 4F 3% 475 7
TR AR, oA H 3 A 4 e 5 AR PR AR RRAE o £EIIRA b, S5 G R MR 43
TG 7 5 AN N5 SRR DR 7, ) S B PR U 4% 20 AT A [ DR 56 33848 ok 2 i) 40 5+
(IRERE ) Je FEAZ HAE FHARAE, U B b s S R IR ol ) 32 B R 7 R 2= =, JF
3D ERA W ity 6 T 42 B R AR A0t - 85842 ik R A SR B 4



HoE WXL ST

BT WMREGBASHMREE

2.1 RXHIBAE R SIEHER

o S A BB S R, PR SRS, AREIAT L, JBRKIR, m
e WALTE, Filg. Perh. HiNE2 A8 X IARMEE 2 #EX (K 2-1), THZ
62.4 JiF 5 A B CHERIEN 83%), 205 H EE A 8.5% (Yangetal. 2018). %
TR AT R, BBEATR, LI S, SEREEIES R, KM
ORI R X, BRI T X, P G T AR T R X X
OIATRETR T 1 38 s R S R ME = U g 1, RN A FFEA TR, EFM
XTI o ZHBIX PR Y B IS R IAECR R %, RN EAE 200-750 mm 2
[f], b 65%KAAE 7-9 F, MW HAEEPERER 70%, E£97E 6-9 H. /£ LmR,
FEIK IR AR R ) 60-90% 2 H £ Y% &% B 1 I

F42°N

F39°N

F33°N

O] stmsmmex
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Figure 2-1. Distribution of Loess Plateau research area and meteorological stations.



PHIBAMR B R S - 227 18 3L

2.2 BIRERIBERALIE

AR SCASE 0 2 e S AR AT AR 2-1. IS 8l o e e U P37 1
)51 ERFE S 500m X 500m LARALH N S 4L
*2-1 FEHERE
Table 2-1. Data used in the study.
R N I [ Kl K

ERAS5-land F0#HrfEmi%dls 015, m/h  1981-2024 B AR (C38)
(https://cds.climate.copernicus.eu/)

o E E KA AR A mm/day  1981-2020 EIE RN T g €/ Sl
(https://data.cma.cn/)

SRR T (KD Hodhs 30m 2018 I R B BRI S AF 5 —[H SR HER
RGREAE - s R
(http://loess.geodata.cn) .

HEFEF (LS) i 90m 2012 I R B BRI S AF 5 —[H SR HER
RGREAE - s R
(http://loess.geodata.cn) .

i 30 KR REHE  30m 2001-2024 FEIER S % (GEE)
(https://earthengine.google.com/)

o b i SR D A t/km?/year 2006-2012 ] SRR Bt S5 A1 6 — [ S Bk
RGRF A -1 s A Al
(http://loess.geodata.cn)

o b JFAE A A X R [ R B A S & — [ Sk

RGR R - R RS D
(http://loess.geodata.cn)

N T PPk B N AR (DRSPS AE 8 TR L M A B R s, TR 10 MRk
VENMSTIAIES, i, RMEAREAR RS 5HELHE R 2-2). AT = ARERHER
UESh e D 3R IR 2) WA L EAFEASE X 3) ) Hlu A
WA B TR EAR R, s EHERE . TR R A, AR XN EATAEAE
W2 /N R 23 TR) S s bk o 32 ] P el s 5O BR ), 10 AN A7 B0 BE s 1 X AUR
JE B SRSTAG IR, TR Ry 52 % IR [X B e VA SR X ) e R 1 1) AR e R AEAT) P BEAN
B o

10



Al — =2

L

IR AV FIWRFS

#* 2-2 Boibut s fE R

Table 2-2. Details of the meteorological stations that were selected as verification stations.

Hi P 53 X B UE 3y 1 ik S mfE CR)
7E T 101.75° E 36.72° N 2295.2
o VAR X PRBH 107.90° E 35.98° N 1094.9
as: il 106.20° E 35.67° N 2842.8
I A i 111.68° E 40.82° N 1063
O HO IR FE X R 109.98° E 39.83° N 1461.9
e 106.18° E 37.98° N 1129
NGRS 112.55° E 37.73° N 776.6
T 1L XA A SR X Il 353 111.37° E 35.65° N 433.8
flEWP) 108.22° E 3425° N 447.8
B PRI E X Rl 110.05° E 37.60° N 896

2.3 ARG

2.3.1 ERAS-Land B9 HrBEMBHERIILE

2.3.1.1 HEHRFRZAGEE

TERRURR SRR AT — I A2 1 5k R B B 5 P 12, LA RE AR AE 36 A P RS
RER PR, i E S RAERAR EORKF DT
VEo %5 RENE BT I AL B A Y B A S R BRI B (AR TR e, R RO M S5 3
B PA] 50T B 22 ) A RS . FAASEEUON: W FE X A n AN TR i, e

FRLE ROHTIR &, I8 I SR/ MU RS

B NI 7 B RO 70 931 A9

(xi’yi’zi)’

EL Y S S ESEACIEZVAR

f(x,y)zao +a1x+a2y+iwi¢(ri)

i=1,23..,n

i=1

% :\/(x—x,.)z +(y—y,-)2

¢(r)=r2 ln(r), r>0

11
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L, ay a Ma, REHEZTATREG w AR RERERE; » A E SR 4
FERIEEES ;@ (r) NHIAORE S5A2 0] 25 R 2

AR v SR 298 AN Gk WL P e R ERH s HEAT SEARORE S5 B, RS 1981 4F
22020 -5 v IR BB H R EOE .
2.3.1.2 A R

THE 2R 45 B 3 ( Cumulative Distribution Function, CDF): 3£ #8Il 253 (1981-2000
) RS, CROBAUATIIN PR R A2 TR R, IR 1 BN HRPIR IR BRIS, g6
HETHANEFRLL N, HREWNE KT 0.1mm M REBANERPENH, ARG E
A8, WALOR B BA BRI R AR LR FEBUE ME— o ERENLAR B 1Ak, Ak
LR RN AE RO Rk R Al J@ERE CDF #AE, H CDF BA ik, wiEid¥ CDF B %
SAHEXS B A o FH T CDF & FH B BT <orr B—Ra mRAE X A8 B 1) B8 3507 Z1 AR 1
TR BSHUT B A FEAS AL B AR R, DU 3EE o 7 0 A AT A ) R A AR A R A T . B
J& . FIHINZRIA R B P2 o8 BEAME e L H B2 CDF BRI G &R

quantile = CDF (value) (2-5)

value = CDF (quantile) (2-6)

P AL %L (Transfer Function, TF): ASCHAL IR 2RI 7 I RIH . Bk A0
R =N Beo P21 (1981-2000 45 I F-H#%8 ERAS-Land F# Y -5 U0 F 7 2 [7]
I B o 2, BV ST A Z2 A AR s . (T S8EH (20012020 ) HIFF
FH 2 S s BOL 00 K30 A6 962 12 A% 36 R e AR VI ZRAEAS B ml s B VE AN E 1 s N A
(2001-2024 ) W2 AERAESS RALAE -, REIZRIIE LA TF H#E) N T )5 42 ERAS-
Land #4fi, PASRAS W FUESE— S ALIERERT 3751 TF ATl R

correct = CDF,,! (quantile) =CDF,, (CDF”.m (value_\,l.m )) (2-7)

i\, CDF,, f1 CDF,, 53 i AXZRARADLFE R AU B R ) CDF .

ARICRHET G AMULEL ) QM J7 A% i 5 A2 F5- 70 A e 9 0t A6 T 00 0 25
R RG22 e 18] _E By — e Rase vk, B 25 S5 M 7E I 20 00 15 ) SR 3 2 TR) R AEAE
RASENAS . FRUEHA (2001-2020 ) HReIRss RK, RIEJGH) ERAS-Land FFR7E
FERUBE . A ROBE oA i B N 437 B 38 B4 I TR IR 45 51, VLRI R A S 1
TF 1EJG 8L B B i i # 1, BRIt AN A ATE— 28 B T 2001-2024 4 ERAS-
Land F# N PP 51 HRE IE 52 Tl 48, 4347

2.3.2 WRimPErRIEH
HARIGZHNAR R FZL T2 (World Meteorological Organization's Commission for

Climatology) & ZKAME 1 H TR SURZBWHIFEIR (XA et al. 20150, AT

12
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AL T 5 AR Y B e A S B R ORI 7T, BT S IR LR 2-3.
% 2-3 W PRI A R S E L

Table 2-3. Extreme rainfall indices and their definitions.

¥ Lt S < T L
MEIREC EREWHREL sDI PR R S R R > mm (g2 L movd
SPRCKRWE  ReSday — pypyseay s F g RiREBOK( mm

RS EiR-V Qi PSS R95pTOT 595 Ay DL RS A BRI AR, 4 mm
Fow AR T HANIE H &, W8 RR W, AR
FKiEH w FHENE (RRZ1.0mm) ,
RR 95 i H B &5 95 7347 .

WokfEN AR R99pTOT 5% 99 AL ERERTEA I RAER . 41 mm

Fow REH I HE W RR ;AR
FKiwH w K HBERNE (RR=Z1.0mm)
RR ,99 % H FERI 212 99 7047,

e AT R X E R SRR B2, RIS FR T o Al R T 2001-2020 4R

() H PR =2 T T 95/99 73 BI{E .

2.3.3 RUSLE #&#!
BT 8 T3 R 7 R A — A2 A I 2 o B, T 00 - 342 ok R
PP K B ORFERE A BUR - RUSLE BB % 0 R TF R A R R T, BATMAHE AT
TIP3 3R /. RUSLE HI3EAR A 0N :
A=RxKxLSxCxP (2-8)

A, A ZRAMA BRI EIERAE (thalyr'); R WM ¥
(MJ'mm-ha-htyrD), #EE HERBEMENEMESH: K &g n] it F 1
(t-ha-h-MJ " ha'-mm™), JeBt-HIE7ERENAERIEH NHPUR A/ LS ZHEH
T, BEEEHOR. PRI, 2SR C R AR S5 AN R T, RS [F] AR A
8 e RAO LIRS PR /K B REFRT,  FH RV Ail ZK b OR AR It )RR
(1D FEmRMIIEF (R HHE

R HF454 7 FERHAER N AR e, R TN AR hEE /1, HAyE
T S B U e T A ) P R AR o iz Ik B SR B e 5 FL iR 300 20 o ) Sl AR
(Wischmeier and Smith 1978) . H T 3R B iy B R Bt B FE 2 %, AR T
— PRI B I B A R B R A= ik g @ 7792 (Shi et al. 2021), BARTHE A X0
NHR:
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R, =a(P) (2-9)
a=21.5865""" (2-10)
= 0.8363 4 13:144 | 24455 Gl

P

y12

A, R, WHBEREME (MImm-ha'h'-d; PoyHERE, ZRAE>12 mm,
BIMEL 0 TH5E; o f g R ESH: By, AHWE>12 mm K HFHWE, P, N
HWE>12 mm PN E. 8T R H BRI 2 W)k R &R 3
FERERR T

d12

X 2-4 FENET R
Table 2-4. Extreme rainfall indices and their definitions.
(R Ak B H i N F N
prifE (mm) = 12,0 12.0 -24.9 25.0 -49.9 = 50

T HARMIERE R EAREDY 12 mm, STV E S EIGRER TR (10.0-
24.9 mm) € S(MEAT X o
(2) KELRFFHIER T (P) HIHE

PR ARK LRI RO AR 1, HBUEEE AE[0, 112 17) » A SCRHAI Y E 30 2K
TR A G B (CLCDD, 28 k) o3 Jy Ui 282 B, Ak, AR, K
R FHh, NG BRI, JBH SR AMERR S . ST AR PAETHE S, KA
KRR SR PRI a0 3 (5Kl 2024).

R 2-5 EHORIHIZE P N FIRAE
Table 2-5. Land use type P-factor assignment.

i%ﬂ BEb AR EARM EFHL O AR KR # B Hh KARE
R
P 0.5 0.8 0.8 0.9 0 0 1 1 1
(3) BB ENEERET (O MifE
C R e i 1 @ o e & B e mT Ao HIg{R il i 2AE AN C 1, B2
KHItA1E# (Photosynthetic Vegetation, PV) B, NDVI 254t i 4 F5 50, A ZM A
G HEH (Non-Photosynthetic Vegetation, NPV) HIg2ia M H Bl 2 (Gong et al. 2022).
ASCKRH T —M4iE PV MNPV HIMEH 7 5% (Fractional Vegetation Cover, FVC) 5

HEEREMTHE C BRIF #7775 (Yang et al. 2020).

TC=frop + frpr (2-12)
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1, TC < 5%
SLRi = e—0.0418><(TC,-—5)) TC > 5% (2-13)

C :SLRixg—li (2-14)

c=>¢ (2-15)

X [ BOCEHEMERR: [, BT HEME SR, TC RSB G2,
EHYEFETE 0%-100%. SLR F/nEs i IR, 4 TC /NT 5%, SLR #ik A2
1o CONSE i AWM A ESEER T, ELRNZAKMABRNRMT, ELNENLEN
2, &HC 2N BiHENEE C T
(4) IR - (K S5HERT (LS) K

K J& gl il R, AR 3 R BRI BRI A 2 P B, e 1 SR AR T
XFAN TS () G R E s LS RHUE R . A EEM AR A E LS EEEE O E W
30m 2 FER T R R IR KR 90m A FER I s R R IR 1 LS T,
5 8 23 i RN AR E RO S B, AU EF R I SRR K BT 5
LS BKl-F 4.

2. 3.4 HOIBIRNIZS

LR B8 R — AT A3 1) 43 Sk B R R B et 0% € 2017), EEAFRE R TR
TUBS . S ELE B USRI 8 A0 A AR I 88 o AL R BRI RTPI2K, & BT 4l RUSLE
PR b &R 0 8 v SRR R R S AR, R TR S A 2 S R

L
N,o;
hz_; e (2-16)

S S
1 No?

X, g RETHRE S, BUETEEN [0, 1], BUEHOCR A ZE 7 XHIE 70 528184
AR R IaR: N, BN 3 BUNE b BRI X FREASE: o) Mo’ 7l 5
h JE WA & )7 ZE A S BRI 7 22 L N AR BN ).

AHFEMAB T =BT (Xoy Xo) X YRR A HRARL, —#H R RT 5 AL
VRIS PR AR LR Uk TS . XU T35 Ahor . JRZR PR 5 AR HAARH B ngk
2-6 Fi7R .

15
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#2-6  PITIERA R E A

Table 2-6. Factor interaction types and their determination basis.

ba LKA ZHAEH
q(X,NX,)<min(q(X,),q(X,)) A Lt
min(q(Xl),q )(2))<q()(lﬂX2 <max(q(X1),q(X2)) B LR AR 2R M ek
q(XlﬂX2)>max(q(X1),q(X2)) LR ¥4 5
q(XIﬂXz):max(q(Xl),q(Xz)) FhAT
g(X,NX,)>q(X,)+q(X,) FELR LS 5

2.3.5 W B HTiEtF
2.3.5.1 ERAS-Land F-43 47 F% B9 504 A0

RIS Gl A AR, BB XN ERAS-Land #5500 HEE &, FIFH 6 MNMabrxt
ERAS5-Land P70 7 B B9 Ecas HEAT PEAk - 484520 928 . AAERINZ (POD) | R4 % (FARD
MR TESIETE (ETS) =ANJ71, P ERAS-Land % B Y A 2 WY S50 A B2 e

hit

POD=—"" (2-17)

hit + miss
FAR — ‘ﬂase alarm (2.18)

hit+ flase alarm
hit — He
ETS = — - (2-19)
hit + miss + flase alarm — He

Hee (hit + flase alarm)(hit + miss) (2-90)

N
I, hit F S BT RO AOUL I A [ A 21 B o A (R miss D UL ARCH Ao
BT P AFr B8 ARG W0 380 P38 W9 S AR R B flase alarm 900U B0HE A Asr ) 21110 P40 B
I 3] B RS S B VB He it S 4531 £ v ) AR &
MAHR RZE (R). PH4axiE % (MAE). ¥R % (RMSE) =ANTH, ¥
ERAS-Land [ /R #5405 55 UL B2 /Y £l 22 18] (R A R I AN 22 53
Z(X_)?)(Xobs —ﬂ)

i=1

R=— (2-21)

Sr-xy 3 -

i=1 i=1

MAE = lzn]X -X,, (2-22)

nio

16
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mmm:JliXX—X ) (2-23)

obs
n iz

O, AT B SRR, o A BERIREG Mih S L s VS M FR AR, n A% R
X AU AR R T IERE R B X OB BT IR T M, X, M X, AU B
F AR IE
2.3.5.2 RUSLE HERUKE BEPEAY

HEHL 15 ANSCRUKSCH STV BidE, 5 RUSLE B8 HH 5 10 I S 1 45845
BEGHEAT XS B, PLVPAR B 1 e o SR 45 R ER 1 IR A SGPEFEFRIE A 1 Nash-Sutcliffe
R (NSE) J 5 Mok s

n

Z(Y_Yabs)z

NSE =1--= (2-24)

Z (Yobs - Yobs )2

i=1

A, n WK, v, RIME, YRR, Y, W T AR .
2.3.5.3 WA

IS} 18] PP B A AE — e REJE b R S AT 2 A S i T [B] A A FR) S AR RRAGE o D 7 B A
Tt 58 X [ W9 42 1k ) S AH SR TR 7 B I ) AR A 95, AR SCR A e/ 37 (Least Squares
Method) X I [4] J7 1 EAT e M S ki T, TS TR bR S I 8] 7 371 2 [ R 42 1 ] U 3R 8
NE T REAMEE N EMRIE, R SCRALERIE R 10 f57E @A TE. 2R
SV Exy/ I

Yy, =at+b (t:1,2,...,n) (2-25)

A, a REVERIARE, Roawt AL AR, b N EIHEE.
2.3.5.4 Mann-Kendall & 2 144656

Mann-Kendall (MK) #3#455367% (Mann, 1945; Kendall, 1975), H 12 Wik 8] 7 51
B ST B2 BB ZITEAZREIERMIES S0, 7w EA
&, TZMHTRIC ARSI T (Hamed & Rao, 1998). MK fa 43l
ik BB 18] e 1) v I A 08 6 R AEDRE I SR P At 3 o LR AR B (Ho) NP3 e 34
FHREGE (HD NP oA E RS,

X EA 0 AWIE RN EFFA X, x,,..x, » € XGTHE S:

S=Zngn(xj—xi) (2-26)

i=1 j=i+l

17
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I, >0
sgn(0)=40, =0 (2-27)
-1, <0
Var($) = n(n—l)(2n+5)—21:8k_ltk (t, —1)(2t, +5) (2.98)
51 , S>0
Var(S)
Z= 0, S=0 (2-29)
S+ oo
,/Var(S)

fEgh e BEMKF o (4 0=0.05 M EE, ¢=0.01 FKEE T, #|z]>2,_,,, W
EEE N E S ST SRR E
2.3.5.5 Mann-Kendall Z335 4 56;

Mann-Kendall (M-K) KRR E — M TRRIR S E R T T7E, T2 B TK
AR GAEARH A, TR ] 8 B AR AR e AT BEAFAE B RAR KL 1%
TIEANERBEAR RS E 70 A1, HA AU, R & T PR S BA B R AR IE
AT ARHER) TGRSR I BRI T F N X ={x,x,,...,x, } > JRELg:

k

R =>'m ,(2<k<n) (2-30)

E(R)= k(k4_l) (2-31)

var(R,) = k(k—1352k+5) (2:32)

UE{ :w (2_33)
var(R, )

UB, =-UF, ., (2-34)

R, m FoRB IRy, >y (1<) <i) BRI, R, AR AR LG, &
N IR E(R,). var(R,) 5PN TSGR R, (SR %, UF, SR R, ()
FRAEAL,  UB, AT 51 R .

¥ UF, 15 UB, BT AL 2400 F 7 — A k5 Ao, RAE B MEAKCP @ =0.05 F3IAE
(S IR (+1.96). % UF, 55 UB, W£AE BLAS X A AAS, LRS00 SIS 1] L
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How WHRXEE ST

IWARIE AL N RAR R A T

2.4 FREgZL

AW T B AE 36 s W i 1 W9 SR B0 T 3 vy S A R AR Tk g 5 AR ek PR A e AR R
SARFNHL . BT LA S m OB N R, il S 2 e R, A TR ZE AR
1E—FFESE B — R —HLH R B R G FAESE (] 2-2).

(DEIEMR S R EIER] : YE4 5 45 ERAS-Land F-5) 87 % 56 B EATE 70 X ) 1,
R 53 LSS (QMD BT M ZE AL IR, AR P AT i ks FE 22 1 3h 1 IR S5 s

(2) BB RN : BRI S S FERE R 7 21 25 b, IR il e e R
P S Z e R PR R TR bR (SRS, RRERME. AEXSRRAED) A 23 5 o 1k 5

(3) MR m YL : € B EERRMT (R FT), FFE AR R B4
AN [E] A% B o6 8 50 PR BEURR A 5 M 97 5 2%

(4 RN S BHE I #E62 K7 8dE02) RUSLE B8, BRI Tl i
VAP, FEI AHEEER N2 (Geographical detector) 57 58 & N %3055 (K 7 e
A HAEFRHZ ok 23 18] 73 S ) DTk 2R

W | | s | SR SRR HitFIRE tmSHE | EEEENE  SSORKEME |
Hiiti S5RE |1 (19812024) & (1981-2020) e Lo %
:\\ i ’I: oz %
S A ... SN SIS amiescs s NN O il
: [RYAERAS-LandEERHS AT QMIRERIE FEERIE
e : s FHRRESRIEE :
ﬁﬁ?ﬂ&ﬁ!&ﬁ-ﬁﬁ& 5 { . b + SR (QM) RMSE, MAE, Rg :
WSRE | s a , ; L :
E L*__‘ 2 il o TN /\ i CDF#ig
LAY ST ESHRIMY SRR —MMEHE  —RERAT 1 - i
W R EERR S S RERIERIFIES T
(R SIRIRES = p i 3 SDII (356) ROSpTOT (HERFREHE)
HEESE212mm A
g RS ENHEMIES ) Roday Gam) T 0 D Fposnror e
AEEREMIERR o
= (8, AT, B/) iy Ad® =EEm N N\~ ElsgEh
EEEmAtE (REF) R IRDRIRRRE R R
IEEEmER R i ‘ . FHRET i ]. :‘_,,.." | 3BMEIEH (SDIL, RxSday)
RRERRRRIST Ro=a(B)" || . hE/AR/RERET RIS 54184 (CWD)
(BmE=12mm) || - WEHE @B R == JERHSEY (ROSPTOT, R9FGTOT)
HIEEREN (RUSLEHREL) IREHHEHISHT (HERERRER)
HINERRR S | [ o000vmrmmmey | | eEEmw
{ - |
EESHF A=RxKxLSxCxP| .pesos s, sy offi (BE) bl SRl
; - REHE (2HEA, ROSPTOT. R99TOT)
S | tenmmwmes E + b @
B et 3
: REFE R IR ELSNRR TR EER SEFEDNRLEER 2 HRIRRKLRES. £5ES
ﬁ : USHHECN BRI ERIRERRMRER REARRIRITS BEGRRTEE SRS R
Bix — o w d) e
- (11111 S =

K 2-2 BRI
Figure 2-2. Flowchart of the study.
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=% ERAS-Land #- BT /e 3+ R PR

$£=5 ERAS5-Land BoTHEARLISRAER SN

oe T A A B2 T R AR T P B R AR ) A R A2 et g Aty BR R L AR B 0L ) At o R
SR ERAS-Land B AT B I E0HE BA I S EgbEon . BVl 5%, HEAEE
T DR g B Y A op & FH PR AEEEAN I e M, B Jo ZEA AU A5 R T Sg . (A
U, A DU 4 5 S SRk O IR A E , RGPEY 1981-2020 4F 546 ERAS-Land
Bee T ES s AE T 9 X A BEARRGE FE L IR ROBE 22 57 AR S 0 IX 22 e B Wl o 6 T S A4
71, R QM J7 kNt 2001-2024 4F ERAS-Land %M EE AT W 20 1E, HE— B 0HE:
1EJG MR RS FE AT IR, DONJG SR T M B R« AR PR R« R 1R 1oh 77 K IR Dl
FLHE AT 5E (1) 1% WY 0 AR A

3.1 ERAS-Land RIBEHEIE B4 ITEMN

3.1.1 ERAS5-Land FEFRIENEAEE S

K 3-1 (a-c) JE7~ 1 1981-2020 4F ERAS-Land i 3 -+ /57 Ji [ /9 S5 410 001 BE 47 B 45 ]
PSSR, 73k E, POD ERFLIX N AL T4 =K -F,  83.56%H]u i POD KT
0.90, A 3 ANl SMKT 0.80, M) ERAS-Land Xf PR S0k BA BR AR BIGE ST, TR
R G IR D o WFFLIX AR B R s AU POD B i =, 110 PG AL S X AR,
RUEFEMEBINE . AKIRFAAIR LT X 35, ERAS-Land X [ M & A2 72 1 R
FONFRE s AHEEZ R, PHILET 52T 52 X R R S R ARSI 55 R RN o5 b,
FEURH AT TR B RS AR AR AR 71 H BRSS9 FAR SUMALL TR H527a N, 80.2%
[k i FAR<0.55, 5t A B2 90 A B i s Al P R AR I R AR A . N IX 38022 7 oK
P A0 76 i % S 3k a5 FAR A0 sy, S HE XA ) 0.60 BA b, S il HH I 8 X 3047 7E
—EREFE RN R o XAFAE T e 5 B 2% T TR R M b A FH G 5 O, fEHLE I
PRAS R B Ry b o I e s R R X5, 0 AT BB 0o e N flk . 2% A2 R 220 I AT A7 AE — o
AHEE. 5 POD 2454k, ERAS-Land 75 K HE 4 XIRERBLH “mrdy . (K2 14y
fiE, U BH 0T B R R U SMA A P S BTS BB LRA Rtdr . IR R 4%
G, RHTRPEWN TR P EE AR, WX ETS EZEAAGTE 0.25-0.35 2 [,
86.24% 3%l /L ETS>0.25, SMRRIN &l BTk 238 b, By 2R AL
FA SR IX 38 ETS #m, 1 P AL AR XS hfi, 2B ERAS-Land 75 4 WY & A8 MR i 1) X 45
HABIFRLZRE NG TT: AT ACER AR, T REHL A b LA RO,
PR TG 52 B — 58 5

Kl 3-1 (d-f) 25T ERAS-Land H 5 & 550k 00 22 6] i) —Sobk K i3 22
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Ko FHIE R B R LEREFUIX P BEAREE 5, 85.91% 03k 55> 0.65, 5iBH ERAS-Land g%
U g v 5 E RS R I AR A I AR B I P IR AR . 1) b, R AR 0 S R T
X R E AN, TP ALEE R I G X WA, R WAZE B AR A XS . PR
SRR X, b SRS S BRI — SO E S A AR AL T R T RIX, 26
R TRV ERPE R ey e IR AR R R e, HAH SR k5. MRZEIBARE, 90.6% M)k
A RMSE T ZAEHTE 2-5 mm-d™!, BKIRZEEZE AT R ARG, Ak S
7mm-d, U BTE R R B B R AU X3, ERAS-Land B8 BRIEHLLFH 1
PR AR, BAERE N BRI EAIEE—E W Z . HT RMSE XK R Z oA
S, DRI G e (L X AE — e R b S Bl 1 it o R R A iR ZE R TBORAE L A EE 2T
96.31%[113k5 & MAE <2.0 mm-d™', HZ¥[H] 7045 RMSE ¥ o8°F42%, #£# ERAS-Land 7E
HRLREM H A RRGR 22 SR BN, B R BT 1 RMSE Bl & T MAE 1Y
LGB, W90 X iR 22 S5 M AR /D SR FEROR B 22 S, s PR I AR v] R 2 it
FS 15 72 3 K B R

0 75150  300Kiometers oot

0 75150

(c) ETS (dR
® <030
; 0.30 - 0.40
0. 0.40 - 0.50
® (3 0.50 - 0.65
o > ® >0.65
N, ANy <
QJ f‘\ \’\; i ~~~\»"/ H
g S ey
Ep o Cp o %o
N 2t

(e) RMSE (f) MAE
d” mm-d'
® <2 ® <10
2- 170:=:1;
‘51- 1.5-2.
S 2.0-2.
S8 > @ =25
C o™ C e N
S Do N
e 2 [}
B P eg O
S v RITR b
s g N < i SN 3 x4 28
Ll e o ¢ | -2
PR oA 4 S - L —~— e
0 75150 _ 300Kilometers (St 0 75150 300Kilometers L

K 3-1 &+ 5 )5 ERAS-Land J5 .45 F% /R 50dE B 4Aks

Figure 3-1. Overall accuracy of ERAS original rainfall data in the Loess Plateau.
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3.1.2 AEIBHFIZEFHE ERAS-Land PERIEIRIS E S

BT ol i W E s, %R 4G ERAS-Land H B 7EAS [ B 40 A2 5 AR U 1 R 3E
1T TG (B 3-2). MMRPMEReFRRE, AREMZES U ER R BE5
A9 0.61-0.77 0.63-0.76, Fr 6-8 HHARAMIHIRT 0.7, 10 HiEFeFEikE: ML
ZF, 6-8 H REME T, 7 A ALFRME, HHEEFRNREIME. Rthtt
RPN Z 0 =R, FRHT TR B B R F2 1 [R5 %1 6 58 A Friskss . A
WERIRE, FHNBIEARE, AREMZETTRER RMSE f1 MAE FI331E 754
49 0.58-7.75 mm-d'. 0.20-3.33mm-d"'f1 0.71-6.74 mm-d'. 0.24-2.79 mm-d™!, EIH
AR R AEIR TG KA, IR 7-8 AR EIRM, 25 AKEIHGIZE L
. JLHAEE ZE, RMSE Al MAE AR K B R AT BN, BEEFE i Bk, mt
HH 5 B T AN AR ity B N AR AR T T B AARAR 227K F, ISR T AN R Sl g TR ASE 4R 45 SR 11
AHEME. M2, 12 AE3FE 2 BiRERIK, FRsmEY, LFEENLRR
N SRPERT 5 SN, ERAS-Land FOBEILLS5 BRAR AL 5E o

()R (b) RMSE (c) MAE
0.9 - ) 121 5]
10 -
0.8 q o :47
H H T84 [
g :: 3
e 071 i 64 [\F g
o .
|22}
0.6 44 %] § %]
°. c}f}q] #gz . %%J %
0.5 0_&-‘%‘ & 0_%%% q]%
1 2345678910112 12345678 09101112 1 2345678910111
At A At
()R (e) RMSE (f) MAE
0.85 - 10 4

RMSE (mm-d™1)
e

MAE (mm-d~1)

0.65 b

0.60 4 2 %I %l 1

0.55 - == | ==

# ® & ® E & & # # % &
=4 =4 =4

P 3-2 3t JEAN R A 4 A= 15 1) ERAS-Land J5U46 P w9 e b 5

Figure 3-2. The accuracy of ERAS5-Land original rainfall data in different months and seasons in

the Loess Plateau.

3.1.3 FEEASXAY ERAS-Land FRFRBIREE 91

M EAE &R X E IS ERAS-Land FEEUHERE A LKRE (K 3-3), AN
A AR A4 X B /K 2= R. RMSE #1 MAE HI31E 73519 0.64-0.70 2.79-4.51 mm-d'
0.71-1.42mm-d". 6 MER S X A1, 41 J5 XA 1 i &R X R AR B AR

23



PHIBAMR B R S - 227 18 3L

SN 0.70, B B AR A0 1 %0 B8 DA R AL XAk o M2, B
o R B X B SR AL T R 25 KT, (BRI ZUIR S B A B, 0 X P 3l o5 ) 22
SRS . AHEX ) RMSE M MAE A%, ik, RIH B r8EE M. mt
AX . AR AT+ R AEIX ) RMSE 5 MAE AR, bt
XiRZER KN, RPEHIZRRER, TRMIMZAFR MK, i ERAS-Land X F# [N
BRMZNEAIEER A B2, SATS, R4 ERAS-Land [ R 20 75 38 L 5 AN )
RS X EA — 2RI BLRE T, (RS FE 32 A2 25 40 DX b ] 26 AR R e T 22 1) St I
MR AW, B8R I XA AF e — DAL IEAR AL R b 2E

(a)R (b) RMSE () MAE
6 204

x;@,: = @d]q] @J[P %%]

| I

RMSE (mm-d ')
=

0.65 4

- ? 057
0.60 -
5
T T T T - T T T T T
b i i ) ) i
& ¥ Y & ¥
A
& N
3

3-3 3 EEAFEAE A X ERAS-Land JF46 94 WA S E
Figure 3-3. The accuracy of ERAS5-Land original rainfall data in different months and seasons on

the Loess Plateau.

FEARFZET b, S ErR R BT 2R, ARES S X Z WA
—Em R (B 3-4). J5ifi ERAS-Land [ EE7E & 70 X 35 B HH 480 v 1 o S AR
AlfEJI, POD EARST 0.81-0.95 Z [a], Horr A XA PR X & s, [92x POD
ZAE 091 L b, mmsr il MIE R A ZE, 1538 0.95 F1 0.94; 18- BRI ER X
JE, YEFFAE 0.91-0.92 Z[H]; VDHIBEAS, A 0.87-0.90; REEX HAK, A 0.81-0.85.
FAR /1T 0.44-0.71 Z[8], ERKTFHXEBAL, 281X 0.45-0.52, MA&ZFHETE,
Zor Xik#) 0.58-0.71, HAKEXHKE. ETS 7T 021-0.39 28, kLK ERK
i B ERACAE, Hiinl - PR X KSR, v 039, LA EFRREK, U
0.21, KB ERAS-Land 7ERKZEX] P W S04 2R A OMN ROR AT, 11 B 220 ) §e J1AH X
DR

MR AB R AT 0.59-0.81 2 [a], BARI NKERGE. BFRE, HPAa-FR
XA m, N 0.81, LAILXEFERIK, K059, #ZETER RMSE 1 MAE #3
B TR, RMSE B ZEF) 1.70-2.80 mm-d - T+ £ 5 Z=K) 4.80-8.00 mm-d ™,
b5 ERKZERE 2 2.20-3.50 mm-d !, AZFd— B E 0.40-0.90 mm-d'; MAE HEZN
0.45-1.05 mm-d ' F+EH EE ZH) 1.60-3.40 mm-d!, KE[EVEZE 0.60-1.37 mm-d!, &=
N 0.10-0.30 mm-d~'. H A, £ 47111 [X E 2= RMSE 1 MAE #5515 ] 8.00 mm-d!
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N 3.42mm-d, REXEFREZMRNBAL, 2508 4.80 mm-d'Fl 1.60 mm-d—'. SRR
%, Ji45 ERAS-Land 7EANFAZS 7 X B ARG ER R EE 1, B EEFIRELR

FHR S R R e R

(a) POD (b) FAR
0.98 0.75
0.96
e 0.70 1 /J'
0941 R PP S ,
NS oS S 0.65 R
0924 e e ———— - _ - o/
$- ot 0.60 " © /8
Q0904 A A w S A
@] ~ o ,,’ = -A < A\ ~ o 11 Yrs
R 0.88 1 RN 0554 et . e
0.86 BRSO TR
- SO — - s
N 0.50 ‘f<§“;v»iﬁm’
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Figure 3-4. The accuracy change of ERAS-Land original rainfall data in different seasons in each
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Figure 3-5. The accuracy of ERAS5-Land in identifying extreme rainfall events in the Loess Plateau.
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Figure 3-6. The accuracy of ERA5-Land in capturing extreme rainfall events in the Loess Plateau.
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Table 3-1. Verify the results of rainfall interpolation, simulated values, and observation comparisons.

RMSE/mm-d! MAE/mm-d’! R
SHLIY X EoATL ERAS- ERAS- ERAS-
TSP! TSP! TSP!
Land Land Land
[lilSn 2.00 2.60 0.69 1.04 0.86 0.71
IR X FRLE 2.49 3.92 0.62 1.27 0.89 0.73
Vax:Alll 2.25 3.61 0.75 1.45 0.90 0.75
IPFIpERE 2,79 3.46 0.61 0.99 0.83 0.72
PR HEIX Rk 2.94 3.80 0.66 1.02 0.78 0.64
Sl 1.55 2.29 0.31 0.58 0.82 0.68
KIEmERE  2.13 3.99 0.42 1.18 0.91 0.68
A 1 X AR A i
1 ¥y 2.00 421 0.39 1.18 0.93 0.69
X
Il 2.47 6.34 0.50 2.14 0.91 0.65
- R A X T 2.74 4.55 0.54 1.16 0.88 0.66

1: TSP QSRS {E F WY 23l
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Figure 3-7. Comparison of observed rainfall and ERA5-Land cumulative distribution function

( CDF ) before and after correction in the Loess Plateau.
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Figure 3-8. Mean annual rainfall on the Loess Plateau during the validation period.
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Figure 3-9. The change of ERA5-Land multi-year average monthly rainfall before and after QM correction.
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Figure 3-10. Spatial distribution of seasonal daily mean rainfall over the Loess Plateau for observed
interpolation (a-d) and ERAS5-Land before (e-h) and after (i-1) correction during the validation period.
% 3-2 ERAS-Land [ AR S E SR bR (RRIERT A D

Table 3-2. Accuracy indicators for ERAS-Land rainfall (before and after correction).

RMSE/mm-d-! MAE/mm-d-! R K LT %

RIEHRT  RIEJE KIER] RIEJG RIERT  KIEJE

HE 0.34 0.12 0.27 0.08 0.86 0.93 64.7
HZ 0.78 0.27 0.50 0.20 0.78 0.94 65.4
hZE 0.53 0.16 0.41 0.13 0.83 0.96 69.8
KT 0.18 0.04 0.15 0.03 0.75 0.93 77.8
LA 0.43 0.12 0.32 0.09 0.82 0.95 72.1
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Figure 3-11. Comparison of observed rainfall and ERAS-Land cumulative distribution function (CDF)

before and after correction in each ecological zone of the Loess Plateau.
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Figure 3-12. Scatter plots of the 95th and 99th percentile rainfall at observation stations before and after

correction: (a) Comparison of observed rainfall and ERAS5-Land rainfall (before and after correction) at
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the 95th percentile. (b) Comparison of observed rainfall and ERAS5-Land rainfall (before and after
correction) at the 99th percentile.
# 3-3 ERAS-Land FERI &R CRIEATE ) EANFEIMAL AN IGE e TEA
Table 3-3. Comparison of ERAS5-Land rainfall ~(before and after correction) and observed interpolation

rainfall at 95th and 99th percentiles.

95 73hr 99 7rhir
R RMSE/mm-d! MAE/mm-d! R RMSE/mm-d-! MAE/mm-d-!
KIERT  0.74 1.81 1.29 0.81 4.00 3.20
KIEJE  0.89 1.07 0.88 0.92 3.66 3.15

3.3 17118

J545 ERAS-Land % /#5040 76 56 b 5 R84k BB — @G I, Re 8 A 00
FAPIE e 0 RZ R AR RS, BEAAE B RGMEEfl, BRERIAA B&N
TR R ZTUUSMIEAIR 22 1M R KIRER IR, maER . #K
TR X B R VA AR X A B R S DR ZE RO AR W i A R A TR R o
AP Y B SN TT T MAFAEAN R o 12485 R 5 i ALEA R X386 ERAS 8 ERAS-Land 1)
PRk A1 AR — B, RIVFE 0 A B WY 7 it R 08 B P I P R I R AR Ry, (HAE R
R HE DX | SRR T B DX AR I B R 2% F T 23 HA 3 e £ B2 A 2 IR (Jiao et al. 2021
Sakhraoui et al. 2025; Xu et al. 2022). 25 G ARH X SLhrfEL, 8L FEH R 4
BURAL, E RPN SRR PR R, AR RS TSR S R B ORI DA AR 2 3
fIE Jry 58 WY HHOO R SRR ME SR PR I R, IX R E SR 4R ERAS-Land £EAF 78 X H 30 (] 22 5
MZE7 2 5 R A

AR QM J7iE%} 2001-2024 4 ERAS-Land P4 EE#HT TR IE, AR CAE
BRI s S S X, QM VAR HE | ERAS-Land P& R E#5, ESE 1 J5 &R A]
TP (Maetal. 2024; Raeesi etal. 2024) . {H5 PR SR T2 X IFFEANA, L&
JEAL T2 RS T RASIC e, PR S22 HERE . HOTEAR T K R Ok R, TR b iR 22
SRR EBOR, ERICAHE MR, RIEERER, RIEEM
ERAS-Land 48 8401t R 2 2 42T, 76 B R 25 18] 43 A A P2 Bl o 1 T <A1 52 2 7 T 5
M2 F— B S vy, GRPE R AR R P R RMSE 23 il 32 = 7 40.88% 1 8.5%. L 4F,
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& 1E J5 2500 S5 00 B AR FE R R fE N B B oIS, B MW RMSE B2 7+
T 65.4%, B HARZERACILEIRG E T K A=, (HEZEEM SELEN—EU R £
FT T0% RN FAE, FRAAIRZEFBOR, 2 R4 S P s ELRR A A2 TSP 35 4 W 5 W o
R CE A 22, R TR A PR B ey o (HH NV R 31, QML R I i e o DG HL A2 R 18 23 A (14T 1 g
1R BR, Tani and Gobiet (2019) AWK, QM K 1E B AR IE H B8 5 B i B /K
BLALL, AR B i A AT T R R BANARE AT N X AR BT W P Y R e 2 2k H
PR IREN AR CUREX D ], FR AR B A B S PR M A SR RHE, T
QM ST~y 52 3 A is, A DA R 30 o SR I B A L] o DRI, AROR I 5T
FIR S R T —RI7E, BE RV BB B0, DU A S Ml 42 AR IE
ERAS-Land 573 #1 £icHfs Hhix 26 SCBa AR o 1Y) UM AR 4K o 53 70 75 B N2, AT 9T ERAS-
Land [ Ry 208 k2 IR G D 2001-2024 4, EARIE T30k md (R0 I B0 402 2020 47, {HMN
Gt FME S, SR T R B N S S SR oS AR AT AR E A AT R, R
LR IESE B a S vk Sl v, b 2021-2024 £ 34 560U 8 T [X 45 R I 25 4%
JR VRS AR AR AR ZI ) o AR A IR BE s s R, nIXE 2021 4F f5 (R IERCR T
J ik — ST A B

3.4 RE/NG

KR EE RGN RS T R4 ERAS-Land B4 R $00E 76 35 -y R A& %, HFIH
SRS KOs, SR QM 5 EERT 2001-2024 4F ERAS-Land [/ 308 #5471 RS OE,
HE— IR JE B AS BE AT T VP . EESS R

(1) JE4f ERAS-Land 7535 -7 5 _E 83.56%H0% /5 POD KT 0.90, 80.2%H%k &
FAR /NT 0.55, 86.24%3fi s ETS KT 0.25, HAk L REMS A IR0 PR S, FEHE
B S e H P& A AL R (85.91% 0355 15 R>0.65), it W LA [X 455 B4 F IF 70 b L AT B0 1)
N EEAL, (HAAAE R 2 R PE ml, SRR E G2 25.2%. AIARJZEAA 73 X
ZAKE, IR ERAS-Land FFRVEER R R A BE MR RN, £F. LU LM
TEECFIH L B R R AE X A€ I XSGR I, AR R . BKEE A X, 3 e is
XX S5 I S X R ZE RO ORI i o R A B AR A R A i A R 7 T R AN 2
[ B 2 W v 2 W9 R T ) B A AR AR RORR 22, M DA 78 73 20 1 Jy b 5 o0 it R R
AT sy it JE K i o T Ao

(2) QM J7EARREIE T ERAS-Land P& REEUE I m W 22, 2208055 Th KPR I &
DX B R A i 22, FRER T A i 70 AL B R B AOA S RO, AN [A) AR 34 43 X A2 2 T [X 4 T
i 22 [FIFE B A BUF B IERE ). S PBERUALALE) RMSE F#1IC 72.1%, RIEJE &Z=101%
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M ZE 32 HIAE S% LAY (BRA&ZESN), IAAHR REIYIEIF R 0.93 L, RMSE £
64%LA b5 o, BRI FAF 1 RMSE PR 40.9%, 535 o508 17 20 Hr 250 X i g
B Y A OB RE 77, RERE Dy e B L m IR PR R L PR RO AR I g B R AR i s AR
ERIk i S IE IR E T B
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A2 P B 9 R AT ot 6 2 BX ) 8 b o /K R A R Y e A R 3, LR AR Ak
RHIE B0 R B X A2 030 J1 T SR . 7E3R1942 1E J5 ) ERAS-Land [ £54
fili b, AN Z H A A AR T 5 T 8 ) R AT i AR R AR A PR AN 77 T T 40 AT — D7 TR A AN
[Fi) 52 2% 132 b e 5 R 7 o T 465 0 o 1 o Ll B LR 5 AR AR AE , 53 — 5 T3 B SDIT. Rx5day
CWD. R95pTOT F1 R99pTOT S5 M Ao FERIFE 2L, RG i H[E A Bk
FEEBRIESRFAE, DAR7RIT 24 472 b iy i B I A Dl v A AR o P RV R AR, I R Ja 48
o R A2l S i R AR

4.1 BXSRRMEERENFZETIWHE

4.1.1 ANEIERRMMHEFERE SEES

20012024 4, o -5 JFEAN [F] B Z AR 1l [ W 7 o T 485 4 A AR b o ik 77 T S 300 A
B2 (B 4-1), Z0PERE R E2OR IR I B E B sy, HS A F RN R
ZAEEEIN 47.36%, DL 1.32%/10a (R 2 BT EH . WAFBFEWNESKE,
HIRTE PR 548 PR R L, AP HE N 26.76%, & 12 il PR B R 1) =5 2240 A%
oy, AHHAREEIALL 0.47%/10a FIERZE T E. FHELZ T, RMNERER & R AR 21
Inass, Hr KW ZETH N 16.06%, LL 0.93%/10a 3K EFF; B & LA
BN, ZETIHUN 4.54%, {BIHLL0.85%/10a HE R K . WEBRBEIE RS, &
SR BTN & LU AR FIRR BB 8l JUILAE 2015 SR G, KRR A7 b H 3L B
B, MEEZELETE, FT 2020 FEFTEEBA EE. XRY, B RERHE LR
AW iy 2 S S A — o S ok A, DX A T 5 ) T A [ SRR B sy AR I ) R
[ EE A
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Figure 4-1. Erosive rainfall of different magnitudes in the Loess Plateau as a percentage of annual rainfall.

MARTHPERE T A AR RE (K 4-2), PRIEFEHRMIERERE PR SRS, 2
TN 54.10%, o AR E B B EARAL R 7, L 1.73%/10a fUIEF T
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Figure 4-2. Erosive rainfall of different magnitudes in the Loess Plateau as a percentage of annual average

erosive rainfall.
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4.1.2.1 {2ph PR I B 10 2 (B AR LR AE

A7) 52 20 A5 b e I R 8 PR 2 1) 93 A KA, 8 v Do 2 S B0 H B 2 P EH P A T 2R
P A AR S (B 4-3). AR PERE BT S FE TR F 0 A AR s X B R, i v b
2T R X AN, BT S, R rEREWN R S R AR
EHLIX, Z X IR R 300 mm DAL, JREEEE 400 mm, FEEEEX; s
XL 100-250 mm v, RIAEPE; 107G 0 A AR X IR N R Rk, 218
100mm PAF o WAFIBEM SRR, HRAKWEXHN S hisA] iz, &R
YRR B B A A0 BTN R AR R TR I 5 S R R SR X 3, R I B BEHOIR 4y
A AL AL X R R AR D . Bk, B KRR IR H 4R B 1R 76 1B 32 T ek
55, AR S R AR b 1 [ T B 34 B R S 1 2 R B AR

(b) 1

(d) 5w

FERT Bymm
- <10

) 4-3 5% b 5 AR 0 0 e e R 1 2 )1

Figure 4-3. Spatial distribution of erosive rainfall of different magnitudes in the Loess Plateau.

MAFEH KA, 20012024 £ 55 - i S AN [F) SR G4 Pk P R e B (AR L DX sk
SRR R (B 4-4). AR PERE YL R e g S AN AR AL X 52 R & B ka5,
IR TR R &R X IR BON I &, 2R ERIA ] 60-100 mm/10a; 1 H 74 78
il XIRNR DA T RS . 35 90kE, AR EEAR XN, AR 7> X I 2 5548
PRFAE s KR AR 2R B MIAS T it X S 1 e 3, 7 o 9 R o #8320 DX R BN T B
FAFS s B RN (R0 5 B P A R I G X3, R T R i o N AR X I s 5
SRTE , AR ARG S B R A 0 L P O AR A X U 55 B AR AL B A )
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Figure 4-4. Spatial variation trend of erosive rainfall in different magnitudes of the Loess Plateau.
4.1.2.2 (R i W B ) 4R PR AR AL ARFAIE
20012024 £E[8], BF 7E DX AR L Y 30 H B S PR 4 B B Sh RS AL 5 5 P S A e A
Fo ZAEFRRUETERER R 212.73 mm, & [FE R 47.36%, & XK
TIRKRHI R INE) J (R 4-1) 0 WEERRAERMORE , RIRTERE N AR HEZE N 34.65 mm,
A5t A KON 0.16, RWIAAAE P EREERIF PR IR, A FIZARUZ bk B w0 AR € Pk
ZREE: BWKER RIS 048, FEERBEESIMBONRIZE, KRR, TR&NEEE.
XA 22 S S e W S R R A B AN R v TR R R A, B AR i T
55 B P R
R 4-1 B b AN A R IR kR N B PR AR AR
Table 4-1. Interannual variation characteristics of erosive rainfall of different magnitudes in

the Loess Plateau.

B RSS2 ZHEHE (mm) TS (mm/10a)  FRidEZE B R

RN 212.73 3.57 34.65 0.16
HHRY 119.40 -3.70 13.81 0.12
N 72.50 3.64 17.21 0.24
M 20.83 3.63 10.08 0.48
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Figure 4-5. Interannual variation characteristics of erosive rainfall of different magnitudes in

N HUUUULJ D

y=0.364x-732.45
-40 RZ=0.0214 T

TP R LN

the Loess Plateau.
4.1.2.3 1R R R 1) S AR AR
2001-2024 43 - ey J5 AR et 1k o T 2 A () o 0% o T 1190 9 78 R AAE SR 0 1 2 A A 11
MrEczER (F 4-6). R PEREWN S & UF I RTH/ME B, 2004 455 B 5 R FE, 2010
ESEZREE T, T 2011-2012 4ERT/E 5 UB HIZRAEIG SR IRIAHAS, R BIZA AT 68
NS A /D [ (B AR I AR AR B, (R UF AR 2R JEMl+1.96 WL, KR
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Figure 4-6. Characteristics of erosive rainfall in different magnitudes of the Loess Plateau.
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4.2.1 BEEEFEMBE (SDID RIS EHE
42.1.1 W EEFEERRE (SDID {975 (A 28U RHIE

2 AR R R 5ER E (SDID %4k S 30 BH 2 1) i P4 AL 1] 2R R 320 47 34 5 19 2% ) 4% )5
[ 4-7 () 1o PEILERHLIX, Qnpy 52 a3 & e B ALEs—7F, SDIEARXIRAK, Z1E 4-
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SDII &b FH &K, 2104 6-8 mm-d!. TERGH A AR m X, Wik rg . P &%
PErE L IX, SDI W BT, JAEsaliEd 0-10 mm-d', W% X I F4 M i A 5 4
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Figure 4-7. Spatial distribution (a) and spatial variation trend (b) of SDII in the Loess Plateau.

2001-2024 4F- 35 5 i SDIT HE 44 S B H B S5 (%) IX 4 2 S AL [ ] 4-7 (b)) 1o P
Fe o X CrH R AR 7 B R A B DL BRSO, KRB
JE MRS s T AR SRR R X (oL v R g 30 PRV AR R L IR AR ) B 1
THEaH N, PBEWNEE RIMmES . SR IR TV R AR TR g f, FL
H 7R RN AR A S DXk D T R A S I IR, 3R A X S B N S P 4 P R 5 A I
T ZEERTI . B N R BRI LR T (B 4-8), WHIR AR
W T E R B BN AT S E AR ARIGT R X . 5
BEIRIE, K43 DX Sk R AR #5 oKl B 35 ek 5%, R B BOR SDII 7E 7% i) FAF(E— &
TR AL, (AR A R E BN T BRKE, SDII 34k X IR 2 HLH
VO TR RSP EE LR, XA R R A B — k.
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Figure 4-8. Significance test of SDII in the Loess Plateau.
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Figure 4-9. Interannual variation of SDII in the Loess Plateau.
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Figure 4-10. Spatial distribution (a) and spatial variation trend (b) of Rx5day in the Loess Plateau.
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Figure 4-11. Significance test of Rx5day in the Loess Plateau.
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Figure 4-12. Interannual variation of Rx5day in the Loess Plateau.

46




VYT AR B - A s e R A I 25 ARG R

4.2.3 X EREEEEMBZ (CWD) RIRTSITLHHIE
4231 HEEEIESENHE (CWD) 23 A28 L RFIE

2001-2024 4F 3 75 JFUE SRR H E (CWD) 125 18] 43 A B AR L B H 5 o i 2 1 el
PEAC IR AR FE  E AL e e (1) 25 [R] 43 SARRAE, (HR 0 X AT — E W 8 A e (1A
4-13). A EEILEAI I CWD (AN R, JeH R AbER g K ILEs Tk
XIRZEPLE 2-5d, TR B RAE X o XU B 3% X I A R Fr s pE A 85, BRI FE %
RN RS T [ BB R AFIE, 5 2T R 2T AR S — 5 ki
X CWD FEA T 5-7d, RIA H 78 ACARAG X [70) A= Fog ¢ v L DX 0 11 2 R0 A S o B0
ZR A 0 LA S AR R A X CWD AR R, 34 X iE 2 8-10 d, ANl th X L 28 i ik
10d, TEEJmHEE O, RHIX LK M I FERF AR T, B LB M R SR AR

B o

CwD/d N

B 4-13 35t CWD = a2 A
Figure 4-15. Spatial distribution of CWD in the Loess Plateau.
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Figure 4-14. Spatial variation trend of CWD in the Loess Plateau.
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Figure 4-15. Significance test of CWD in the Loess Plateau.
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Figure 4-16. Interannual variation of CWD in the Loess Plateau.
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Figure 4-17. Spatial distribution (a) and spatial variation trend (b) of R95pTOT in the Loess Plateau.
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Figure 4-18. Significance test of ROSTOT in the Loess Plateau.
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Figure 4-19. Interannual variation of R95TOT in the Loess Plateau.
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Figure 4-20. Spatial distribution (a) and spatial variation trend (b) of R99pTOT in the Loess Plateau.
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Figure 4-21. Significance test of R99TOT in the Loess Plateau.
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Figure 4-22. Interannual variation of R99TOT in the Loess Plateau.
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AN B FE AR DX IR AR BT R, TR SR R AR R A X 55 A IR — B (Sun et
al.2020). CAEMFCIRH, BEEEEMA T REZFEXAZLIX, HEmRE. B R K
R, FEWAEEPRFIAS (] L3 B A RRA I I, BRIk DX AR A A i ek
I g e A R RRG B 4 T S DR R B3, TSR I AT HEVE (Wu et al. 2024).

MZS AR SR E, AR IVRPERERR . SDII. Rx5day. R95pTOT F1 R99pTOT 4k
PRI e PG b ) AR e s 1, 3 1 B e v i AR R AR e e A R g e B R — B X 3
Or AR . 1X— (A JR 5 O 50 T3 o i S AR i e R 2 () AR AL R Wt 9 45 SR B A — 3
U [ T S A e B SIS R ity 8 Y B A T e (X B T AR R R A R, 1 P AL AR X
A% (Miao etal. 2016; Sunetal. 2016). HFZEJFHEIET, &1 mE RS X
2R ZE KK S A b s THL RV, PR B R, b AR, TmiadL
FOO 52T 5 B AUz, 5 R R i A R 5 2 35 W 2RI (Zhang et al. 2022b)
PRI, AR SCH s B 25 10 2 S A o S e 17 3 e R o o e R A DX B RUE b ) 48 35 25 T
ST, A B DX AR e o T R DX R i A T e L XA A — U

MAFEIFERR A B % 5, SDII. Rx5day. R95pTOT F1 R99pTOT %S &) S i H Al
B RSB T CWD, X U3 T m R 24 SRR AR O A R T SE AW H
KN, A B R N R A PR Y DT R S . X — S5 R ST AN B A SR AR
B T 22 FE AR 2 BT BT — B, RV B2 SR B AR X B 28 48 A Xy X 33k = A A8 £ B A
B, TR R R AL AN 59 (Sunetal. 2020). 455/ R9SpTOT 1 R99pTOT 43 )
AR w51 7357 558 4 9 RO B o R S 1 SR AR R T B, "B AT IR P4 9 0 AT 22 A A A B UK
AT b i A% B T4 I e DX 3t i e R 38 R R I FRARRAIE . X RORAE, B RS R PR AR AL
B 22 BN i TR A i T e A TR R S, I b AR A B 2 ) (B S A () Y B
FET% TN e = 1G9 2 XU (Zhao et al. 2024).
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SRR SIS BRI R AR, 150 A e o SRR o P AR RN i 4R T AR A S A 7 2 e 1
M HA W R B . X P Bt 5h 5 CA B 5 rh o b v TR A P o A7 AE AR AR
BrABAl . JE P AR A R R EE PR A0 il RN A& —EHT (Sun et al. 2016; Wu et al.
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I 52 2K S G BRI B 5378 R JE [F] 520 (Jia et al. 2022; Zhang et al. 2022a)
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(2) IR A KA, 2 e AR b ok g A0 A i 26 SR 32 AR B FH P b T 2R
R I I A (A R, A X R B TR AR, PALT R R XA AR,
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(3) MRV AEAGFAE RS, 2 v S B i B Y - R 407E 20012024 4R [H] 3 SR I H
ANFIREFE R BN AR A, Hrh 5 B AH ST BORI AR X Al o 46 R F 508 A SR 1 st 35, I
SRR PR AR AR P22 . X R — - RAERE L m R PR M AR A I R RN E W
RSN ) S35 e K, T B 22 A g AR W R B 5 e v o DL R DRI D . Ak B, RROE
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Figure 5-1. Spatial distribution of rainfall erosivity of different magnitudes in the Loess Plateau.
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Figure 5-2. Spatial variation trend of rainfall erosivity of different magnitudes in the Loess Plateau.
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Figure 5-3. Interannual variation of rainfall erosivity of different magnitudes in the Loess Plateau.
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Figure 5-4. Characteristics of rainfall erosivity in different magnitudes of the Loess Plateau.

5.2 HEEREMRIRMANETBUHHE

5.2.1 BISEEMELMHR MBI FFHE

MZETTRERAR I IRE (Bl 5-5), HZ=FERR )2 B 70 A 844 BRI ARG, 7R
B R RS R . PEALERANIE 3 L X PA<300 MI-mm-ha'-h '-season A, HEEHLIX 35
A ££ 300-500 MJ-mm-ha'-h'-season™', Fg ¥l 12K B ¥ Hb X ) 2 & H F 500-700
MJ-mm-ha'-h"'-season', JR# AL 700-1000 MJ-mm-ha'-h~"-season, HZ it 1000
MJ-mm-ha'-h ''season!s HEARE, FIEFEMZ M) TAELEEOVIIE, HEEXE
FEAX AR, FEIRF S oA, HEEWARM IS0 5 F o e, BRIV
UMK ZRFEE . PEAEH R4 X PA<1000 MJ-mm-ha'-h"-season N+, HEBHLIX £ 5
A 1000-2500 MJ-mm-ha™'-h™'-season™, ZR#B. 7% B S pig 0 = # X 0 32 S AL v A
2500-3500 MJ-mm-ha"-h '-season, J&#fiHid 3500 MJ-mm-ha'-h "-season's FLE{H X
SIATE R, RN EETTEREE T  AKERRRE AR ) R R 2 )
AR R R AR, H e E X AR TR PR R 2= B g . P b N A B M X 2L DL <600
MJ-mm-ha™-h™"-season™' N F, HHEHLIX Z 54T 600-900 MJ-mm-ha™'-h~'-season™!,
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Figure 5-5. Spatial distribution of seasonal rainfall erosivity in the Loess Plateau.
M RENAR AR, 20012024 F38 4 5 EANF W FFEWNAR M R
U —E 7S (R 22 57, AH AR B2 AN o A YO B AEE I AN R . =P R AR il AL 2
LSS, KX A EHIE T 0, FELE-200-200 MJ-mm-ha'-h'-season'/10a Z
(], AN P 5 Jmy 0 1 IX 2 BN 16 sz 3, #5122 72 200400 MJ-mm-ha'-h™!-season'/10a,
T AL 5 RH 7 382 B X W R BN R sk 85 . B RPN R oA B3, B E S F
Wi IR o W FEIX R EE . 2% P 00 A AR 30 0 X Ak S 3 ka3, BGE 3= A 200-800
MJ-mm-ha'-h™'-season'/10a, F§ 253 Hi X AT 1% 800-1200 MJ-mm-ha'-h~'-season"'/10a,
R AT 1200-1600 MJ-mm-ha'-h'-season'/10a; 1M FHALES . =5 K AL 5B 7 X
M LA gs N T, ZBEZ A T-200~-600 MJ-mm-ha'-h!-season/10a, J&#E<-600
MJ-mm-ha™-h™"-season™'/10a. %k I, B2 HECONIH R R I0Rcem#% R . =R
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Figure 5-6. Spatial variation trend of seasonal rainfall erosivity in the Loess Plateau.

5.2.2 mISEFTHEMRRMAINFEFRELFFHE

HE 5-7 7T5n, LS EFENERRMIERENAENRER . BIERE, &,
B K AWFEEmRRM RS2, HhEER, B3, KEE BHEH, &
AN ERRT . AMEUEERE R, EFEWEM LM ZEN 27.05
MJ-mm-ha'-h'-season'/10a, ¥ Z=°A 93.46 MJ-mm-ha'-h'season/10a, K== A
13.991MJ-mm-ha"'-h™'-season /10a, %ZE{{°N 0.70 MJ-mm-ha'-h™'-season "/10a, K H
AF 0 A PN 52 2= o W A2 0 38 e A B R, DX R AR et g 3 K P 32 B TR IR
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Figure 5-7. Interannual variation of seasonal rainfall erosivity in the Loess Plateau.

5.2.3 BXSEFTMMEMRM IS THFHIE

2001-2024 F3E & R ZETRENARZ I M-K IR 1K (K 5-8), ARZET
RN B ER . FEEWR M) UF i8R G WL pish, 2016 FF%
BEM RN AL, 2024 FHREIFEFMHLL L UF 5 UB fhek BAER SN 2 ) H L
AZ R, HIN T REMN L ZE, H UF & RBEE1.96 KL, BHEZHFEWZH
T BB SAFAE, (AR EZE . BREWRM) UF & nT iR AE DL
21, 2012 B A, 2013 SEATE R IR, 2017 )5 2 HEMYERETE DL b,
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Figure 5-8. Characteristics of seasonal rainfall erosivity in the Loess Plateau.

5.3 FERRM NS RinPERAEXE S

5.3.1 FEMRMAOMERinPERBEERNXER

M 5-9 4735 [ 1 452 ok 73 -5 WM v 5 T 8 B2 4B R PR AH S M 40 B T s AR R B RN AR
5 SDII #l& A FERIFE N 0.0007, 1AF] p<0.01 #E 2 EARKER,; EWEREMS
Rx5day fl& T FERFR AN 0.0152, HIEF] p<0.01 5 E IEMKIE R, WFE 5-1 741, o
{21715 SDII #1 RxS5day HIAHIE R4 514 0.36 F1 0.52, 73k 2] p<0.05 F1 p<0.01
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B3R KRR /5 SDIL AT RxSday [FAHIE 24053708 0.55 A1 0.53, 3418 F] p<0.01
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Figure 5-9. Correlation analysis between annual average rainfall erosivity and SDII. RxS5day
in the Loess Plateau.
51 b A RS 2 R R0 5 SDILL RxSday RIAR S/ BT
Table 5-1. Correlation analysis between rainfall erosivity of different magnitudes and SDII. Rx5day

in the Loess Plateau.

¥ i ok R 56 48 4
. SDII Rx5day
R W A2 ik 25 7Y
FHRNAR 1l 0.36* 0.52%*
KR 0.55%* 0.53%*
MRS 0.63** 0.64%%*

H: *R3F p<0.05; **LFE p<0.01

5.3.2 FMRMAMSRimkEFESHEHXR

Hi &l 5-10 mI RN, SEIPERIR ) 5L R R H AR E (CWD) SR 2 3L H RS 1
FRK AR, HLMEMERIZ-0.00005, RiEidEFMERE, CWD X R R M7 2%
SEERAER T AR WG 5-2 w50, RIS CWD 2551E/41%, MR REN
0.16, EARXFEZAKT; KR 5RWIRM /S CWD MRS 0HH5C, XA
B3 09-0.02, [FIFERIE RN EZEKF. HAT I, CWD 54 FSEG MR ) 2Z ] 2 AR
RO B EM IR AR, HP i RARI AR SRS & T RN AR R YT, K R
)5 # AR CWD A I AR — 5.

MARPR NIRRT, CWD 322 S B SR H 4855 I (8] 9K AE, 95k P RO i R PR 47
SV T R R AR ok W) BE 22 T B R R . W BN R PR A A B R AR R, X R
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Figure 5-10. Correlation analysis between annual average rainfall erosivity and CWD in the Loess Plateau.
*® 52 WA R EAFEEREN RIS CWD KRR
Table 5-2. Correlation analysis between rainfall erosivity of different magnitudes and CWD in

the Loess Plateau.

AR 4 T S 4 4R 2 WD
B WY 12 25 Y
HHRN AR Tk ) 0.16
NIEESL YAl -0.02
TR -0.02

5.3.3 BEMRMAIMS RimMEMRAEITIE R KR

ML 5-11 AF35 [ AR 1k 7 5 W g 2 R AFDGE B B AR DS M2 B ml s AR B R 4Rk
715 R95pTOT A T FERIZN 0.0684, 1AF] p<0.01 HREFIEMHRXKR; FWENE
715 RO9pTOT L& HFERIZFE N 0.0506, HIAF] p<0.01 HEFEIEMKIFR. MFE 5-
3 A1, RIS ROSpTOT A1 R99pTOT IAHKE R %4 N 0.70 A1 0.39, HyikF|
p<0.01 tZEFEKF: KWRM 5 ROSpTOT Al R99pTOT HIAHIE ZE 7514 0.60 1
0.81, HIEF] p<0.01 W RE/KT; BWEM S5 RISpTOT F1 RO9pTOT HIAHIE A7
AN 0.66 F10.89, ¥JikF] p<0.01 REFEKN-. BiAKE, HWERMIIE RISpTOT HY
MR R, KR AW R /5 RO9pTOT KM E s, HrBmEmm S
RI9pTOT F¥IAH I A itk o
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Figure 5-11. Correlation analysis between annual average rainfall erosivity and R95pTOT. R99pTOT
in the Loess Plateau.
%53 EhREAFELER RS ROSpTOT. RIIpTOT HIFHIE 74T
Table 5-3. Correlation analysis between rainfall erosivity of different magnitudes and R95pTOT.
R99pTOT in the Loess Plateau.

¥ i 24 TR R %) 8
s R95pTOT R99pTOT
2 TR 42 ik 2 7Y
HR RN AR 1 0.70%* 0.39%*
KR 7 0.60%* 0.81%%*
WA 0.66%** 0.89%*

Horp: =% p<0.01

5.4 g

2001-2024 43 - 5 AR P AR 1k ) S AR SR IR A SR AR AIE ,  ELOK Y AN R ARk )
IGIE R TR ). X —45 RS s R O B R R M e S AR H —
2, BP DX RE R AR 1 D 7E K AR A i SR B I R Bl P, A1 B o) b B B 38 i,
T FE AR A B o T P A B IR . DA ARER, BRI
By A, EHO T PR R PR AR AR SR Mh R R RSO AL, DR 2 PR 454
IFi) i o YRR o 8 AR, Rk ) S 5y R IUBORIE S (Dai et al. 2023).

MRS RS 35 1 v R B R AR e g Ak S T E b v 2 g 3 1 o A A =,
X FEELER TS RS BAs o b R X 8. X — 2 (AR S 38
JR O SEUFRF 45 B — 3, Jiaetal. (2022) FJFH 19652019 4Fufi i s BHEH, &
T R 2 AR R IR B AR R PGk XA R o R ULEH, PR AR
TIIE R B AR BB RE R 45 G RAE, AR b4k 7K 7 3 o e 5 P T 2 R o B R e P2 9 X
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ER R, BRI B ER/KIR SR SE A s PRy SE AR b, PH AL ER I 52+ 52+ B 2 s 4
Wil . NZETTRER, BWRMEENESE R R LR, LA
AR IR , R AR BN 1R R GBI B, B 240 5 A 82 T 70%.
PR, 3¢ b v JE AR et U ZE I 1) B AR 50 00 A1, T2 s JE AR vh T B i P R V5 R

XA IR A XK AR RS e, B H g PRV 2 7-9 H B2 B % .

M5 R B TR RO R R E, FEW{R 1715 SDILL Rx5day. R95pTOT 1 R99pTOT
BREEEIMEEEMK, W5 CWD WXRPERT, HAhEBHENREMNS
RI5SpTOT 1 R99pTOT MIAHIE R £ 7 ik 2] 0.78 F1 0.89. IX—&5 KU, &5
R 421k 77788 A B8 22 P [ T 5 P52 30 A R o5 207 [ W D ik T RSl TS A F AR R
HESEIMr 5. CATTEE, SR 501 Fl S A b i AR E 2 B i a
Bo R A2 ek 7, T L 3% I A2 ok g T I T 3 A @ 8 4 i 87 A 43 7 56 A e o 2 72 A PRy i
(ZEIREE 2024). HHLAT DU, 38 b vm SR B R AR vl HoA 38 ) D B s A 32 3
fiE, BIIX 3R i e B Al b A S b s 35 S0 DTk, T2 v B TR I v o R A T
B T AR B P MU o IR A FR A ROR RN R B R 0 A R DL SR
SER PRSI R BE 7 DRI A 8% A6 J I 1] AR TS 1o () R RS 4T o e AR 42080 /) (Liet
al. 20220, UL R E ZRA0 I R AU . R T R 2 A R S R AR AL,
XA 510t I ]2 1 b [X 2 BRI A s )2 XIS BIIE S, A JE SR T
JRE R i B S R K AR R RS BEFR AL T B S 4% (Wang et al. 2016; Zabaleta etal. 2014). 75
AR H IS, RISpTOT Al R99pTOT X P2 i /7 s e i, BRIk 1 38 L s A=
T R 0T R 7307 5ok oA R A ) v B R, 5 A SR ) H R BEAR i 71 55 1A %
R95pTOT A1 R99pTOT AJii b RAEH 2N H PR 704 B R AR vk, 1 HRE R ]
TG OB N B ERUR, B FEg FEA SRR — . OfF
WETEAR Y, P R AR Tl g A0t B 68 SO0t it TR RUBE 880 T =X 2 RME 1 LA e i U, A
6] 5 v 2 AR A () 45 2% 9% TR X S AR il g IR AR 6 DTk (Piccarreta et al. 2024; Yin et al.
2017).

5.5 KE/I\GE

ARERTRIEJGH) ERAS-Land FEEMHE, RG5HT 7 2001-2024 43 4 5 5 B
RIS AR, E R RIS R AR Tk ) R A [ B 2 AR el g ) 75 T
i AR T RIS FARRHIE, HARUT T B MR 1k ) 5 A 4 T R P FE A it
PEFE B AR FE R IR R . BB R W

(1) 2001-2024 4F, 3+ 5 EAE MR 71 LA 135.07 MJ-mm-ha ' -h '-yr'/10a [
R, AN [F R AR AR R AR B 22 5. Hor, TR AR ik ) B AR AR AL
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PR Y5 UK 5 RUSLE B8, 20 #7 20012024 463 + 5 JR 43942 b ) i 25 2R AL R AE, IF
iE— 25 WA i 26 W9 S5 AL 0 Lt R R AR A PR A AR B AR FOXT R IR R D s . [R5
B BRI F5 77550 W AR P D] 700 B4R e 2 ) 43 e R e 70 S BAE FHARRAE, A
WU IR T ) 32 5 DKl R A e AL

6. 1 TIRRM5RETILHHE

6. 1.1 BEXEELIFFRMRLIEERE

AICIEIL 20062012 4 F] ST 15 AN 7K Sk ) S I v b s 5 A0, 45 R 2 Ta]
FHR R E R FINSE 5%, 59iF RUSLE BESE R EmMME (R 6-1D. &5REMW: 154
SCK S5 RUSLE BB R FIAHC R R 5 0.22-0.94. Hrh, H 9 M Sdmi
R>0.60. A 8 N BEAWEZHMAMRIE (p<0.01). BHE KA LK NSE & ¥z
i1, 6 N33 NSE REAT 0.3-0.7, 3 33 NSE RENT 0-0.3. 4R Ui, T
ERAS-Land #5214 W 3K 31 RUSLE #5884 7E 2 £5056 10F I 3 B8 1 95 47 I WL X 3842 Tk AR A
s, SR, EFXEESY NSE RECH SIER, AU S SCIE B w22 50K, HR I
AR T WIIE B FEAEAL T X RAEZREE T, RUSLE BAY 1 IE FH A7 AE 2 2 1
[ 7 o3 1

MRS E FHVE A, RUSLE HEAZE RBEEH T A m KMy . P2obid 2 50 W
RO TEC RN BRI, SR, FERY . MU SRR B DR R AR
(IfRERERE J1om, TR LA Y e 5 B A7 S AR T R Ak B 34, FHOC R 20 R FI NSE R B IR
Fritmr . M2, AR R, E R0, . AR TR EEEXOKE
HIR IR, RUSLE MIREURE I & TR, HJFEFTET RUSLE A 24501
PR AT, 0 IR O R, A B EAR . A . PRI
DA AU i R, DAL 22 S5 00 i i e A AR Db A 0 52 B3 351 1 I R 5 B 5 il
PRI ZE R AT RE U 22, LR SEUNSE M. B, K7 &7l acr &
%, e P B X IR U W 5 R I AR A B35 U A K (Zeng etal. 2024).
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# 6-1 /K 3Cu%F RUSLE FERL M BE IR S0 IE 45 2R
Table 6-1. Validation of RUSLE model performance against observed sediment yield data.

ID IRk T AR /km? R NSE
1 (Y= ) 251079 0.42% 0.21
2 FRAL R 184 0.94%%* 0.81
3 N 3992 0.22 -9.81
4 Kk 528 0.70%* 0.66
5 SRR 5473 0.86** 0.64
6 Ja R 4102 0.74%%* 0.67
7 I 3175 0.53* 0.16
8 =T 991 0.74%* -1.52
9 IHE 1562 0.73%* 0.33
10 et 1873 0.28 -6.40
11 kA 1145 0.82%* 0.74
12 BK 689 0.31 -0.56
13 TiEERE 3839 0.76** 0.68
14 I E &)1 283 0.49%* 0.04
15 TK 913 0.61* 0.42

Hrp: #F p<0.05; **{F p<0.01

6.1.2 ERA5-Land IEENER + 5 R HEE L
6.1.2.1 3¢t JE AR i B B D] -1~ 2 18] 43 A R ik

2001 - 2024 3 5 SR & B 123 (8] 04 LK 6-1 (a-e)o 2 IEJE ) ERAS-Land &R
A EAF 2 R T2 ARRE M PEIL & N B, 5BNmansm—8, A
A WE TR B R B8 1674.50 MJ-hahyr!, m{A X (R
[KF>5000 MJ-mm-ha"ht-yr') EEEREFE T LEE, SZMXMENEERW
BRI, PHALEHX R B TFEAE (R <1000 MI-mm-ha*-h tyr ), FHR ()X L
X PR A 2D o

C A7 IR 1) PU AL B 8 0 A R o A2 3 s R R B A o L X, | T ARk
B RAF, C IR 7S 4ERF7E 0.05 AR BBUIRAK -1 1 X 75 5 (R AL A R ek P Y
BHERRAL T IR K . e TR R AR X, IngE e, PR, K2 4E
EHHEM RS, C K+ 2 M 2001 £ 0.3-0.4 FFEE 2024 /9 0.1-0.2, St E
PR B3 AL PEILE T R T R X 20U EAFRMEE, C BT £4E 0.2-0.3
Z N eE, JEA AN R RE S E . B PE AL TS HLIX, B A L HRN AR
MEL RIS, BHTHEEMG, CHTEEST 0.35, By IR S RUSX

P [R5 8] 43 A 4 J) 22 It i 2 1 X330 o PR AR, B IX (P<0.5) F B4R
SIARAELL T R MBI 7y X 1) BB R SRR BEX, 1% X e i B Ak ek
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LS PRI ) 73 A7 I SR B L B g3 2 e fiE . AR B, BEFEIXh e, dB#E &
ARALHR L3t e AV B R X3 LS PR A e, Sk R b XA SRR, b
FERARE KU SRR T AR Pk R BE D sm 2 s 1 o8 0 % e 78 20 b S5 A X 1 22 X
3k LS PR3 BLA,  U BH I AR R R B T AT IO RN AR XS 888 . T LS T E
P S IR 5 AR AR e R 3G o AR 5 PRI R v (L DX AR A o 3 = v SRV R 4R
b AR PR A v ) S TR B BT

(a) RIAF (b) C 145
MJ-mm-ha! - ki
o080 [ #twshmex
i P 9419.23 . e 2] i
40°N 40°N [ 3 it
B 160026 o [@tr
513 3 IR
i 6] ¥R
38°N 38°N
36°N 36°N
34N | 0 75150 300 Kilometers 34oN | 0 75150 300 Kilometers
R ]
100°E 102°E 104°E 106°E 108°E 10°E 112°E 114°E 100°E 102°E 104°E 106°E 108°E 110°E 112°E 114°E
(©PHT (d) K A7
paed] thah-MJ *-ha "'mm !
-0 o 0.0295948
| mmoor 3 . .
40°N {05 3] il 4N (B
0. 3 0
. 09 [ 7
= mw
38°N 38°N
36°N 36°N
34oN |0 75150 300 Kilometers 34oN | 0 75150 300 Kilometers Ve
] [ e |
100°E 102°E 104°E 106°E 108°E 110°E 112°E 114°E 100°E 102°E 104°E 106°E 108°E 110°E 112°E 114°E
() LS [ 7 (f) IR {2 s
] prw—
— Fiisg K Q
40°N 40°N 5 - 50
001 EXEL 50-80 '3
el . 50-150 [ BAHLK
b - 150 B0 EHTRK
o 38N 6] #k i B RIX
36°N 36°N
34oN | © 75150 300 Kilos 34oN | © 75150 300 Kilom

102°E 104°E 106°E 108°E 110°E H12°E 100°E 108°E 112°E

Kl 6-1 20012024 4F 55 5y i 25 PR 1) 2 (8] 43 A S A3 1 33842 huse %6

Figure 6-1. Spatial pattern of each factor and mean soil erosion rate in the Loess Plateau in 2001-2024.
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6.1.2.2 T EEAFE Y X R AR AR 25 2 AL R AE

IR (IR 380 bRiE) (SL190-2007) #4 3R MIALE /> 6 DN5EL::
B (A<Sthatyr). BERM (Sthatyr!<A<25thatyr!). HERM (25
tha'-yr' <A <50 tha'-yr'). 3ZUZM (50 tha'-yr' <A <80 tha'yr'). HiEZIZ
h (80 t-ha™t-yr' <A<150t-hat-yr') MEIZUZHH (A>150 tha-yr). HRIEEHE T
MRS, 2001-2024 38 L& B AR LI R A ] o0 A BB 6-1 (D o,
) LIBERMIEEN 14.44 vhatyr, FEUGMERMONE, & XEHRE 45.12%,
HUONRE, 5 XIS 33.86%, 21 6.2%MIHX 2 B3R 21 K UL EAR B f R . 45 1A]
OIS T O P X AR R R A, TR G S BT VD B R X AR Dk A
X — Mo IXFPZE ] IR T RUSLE SRS B3 iR g, iR Ea i & e v ks
R, BeAh, WS RAL X DI B3N, NIBREI58, /Kbl REAR X e 55,
HRABHAEZIX 5 B E A7, T RUSLE A% SR Z . X3 B 45 R 5465000
KIFINFIZ [BAFAE— B B, XM TARPIEER . b R SR G by 2 [a] () R 2
o BARRE, WA R IR R I B S R, R R R X >
WEEPRAEX > ALK > WAFERX > REX > WM (B 6-2).

50

40}

30+

FAE A (tha ' yr)

(113
G 4., N & 4 i
& N 3 & & &
& A X o) R
X %3 G R
S & e
X X

P 6-2 2001-2024 4F35 - JE AN [Fl 73 [X A 3AR S K o A R ik
Figure 6-2. Distribution characteristics of soil erosion modulus in different regions of the Loess Plateau

in 2001-2024.
MAEBRAZAL 534, 2001-2024 4738 5y BR AN [F] 43 [X 3 o 2235 280 R ke,
{EATE 5y X AR BRAR AL IR B AP AR 2 22 55 o BT 6-3 T4, 3% 1 PR VA B IX IR 24 S R Tl i
SRZII XS, EPREE S A MR, 2001 R MEFIAE] 41.93 tha-yr !, 2003 4EFI
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2013 RIS, Zfa BRI, FRAE 2015 R R HBUEAE 7.97 tha 'y,
b5 A F, EEEARTK TR AR . 3mSR X AR MR SRz, 2003 4
XFIEAE 40.97 thatyr !, ZJE K2 NS, 2015 FE[RFEFE2AVE 7.89 thatyr,
UCAEA P ETE . o L XA AL T &K, BRI , EAE 2021 4 H LW
B, BF] 30.02 thayr e AP XAZ IS Z SRR, ZHFEMYERFE 8-12
thalyr 2 [A], 2021 FE4EETHE 23.29 thatyrte ARUBEXFNPD X IR s R A%,
H X ZHEFEET 8thatyr, YHWIKIASEREAE 2 t-ha tyr ' LU, Bl 55.
H s+ RSB XA+ IR XEE N (p<0.05), /N F 535 ~-0.56
tha t-yr ' fI-0.47 t-ha -yr, LIPSV E SR X AT 3 1 v S T R Tk AR A e UK
YA AR S5 d S ) X TIPSR X RBEDX L YoM o X R AN G N R, g
5°49—0.05 t-ha'-yr'. —0.08 t-ha'-yr'. —0.01 t-ha'-yr'f1-0.01 t-ha'-yr'. SMAINS,
20012024 435 w5 Jif % 43 X 3 R il 6 BB BT s (R s iRl IX S50 R X 2
[ 1) X 322 AR i 2

50
—o— WL EEAEX - - - y=0.56x+1150.01 R?>=0.1887 p<0.05
—— WX - y=-0.47x+965.75 R2=0.2303 p<0.05
—o— AKX == y=-0.01x+34.90  R2=0.0002
a0k —— WARVEX o - y=-0.05x+106.37 R*=0.0059
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Figure 6-3. Interannual variation trends in soil erosion models for ecological subregions of the Loess

Plateau in 2001-2024.

6. 1.3 MimRPEMBHIRLISELIER M
6.1.3.1 e e R DX 5 FR) et R 42 oeb g R AAE

M FLEE SR TR, BRI AR T 07 5 Ao A AR i AR DG I BE 5, BT AAE AR /)N
{8 ROSpTOT 1 R9IpTOT P iy ek Ry 45 KUK € 5t 73 By v - v J A o o2 T A7
2001-2024 4 ERAS5-Land [ 9XZh I H PRI AR 000 B0 25 I SR REE, 53 b )R
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BEMNZET MR E RS (F 6-4). 6-8 ARBEMEMMigEY, A¥ R KFNTE
EZrmTHALA 0y, EFEBENEMI R FFL HERWRMS R BT 70%, 111 A
B3 B R BIFERMK, TR “E @m0 BIEERR . Horr, o b3 R ik
FII TR SR LA 3 S A SRR ROSpTOT UE5h K H 3% R K7, FE4ER 4%
BREFI 90% LA E, HAEFTTHR & L EIE 99%, MME ZN BULT BT BN =0k
7735 5 A R A TR . SRR RO9pTOT HITTHR LA o tl, AW R HIT HEFE
[ R R FIE 50%LL b, 32 BH SRR R A W9 S sl R A w48 Tk e
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Figure 6-4. Contrasting monthly patterns of the total R factor and the R factor from extreme rainfall

(R95pTOT and R99pTOT) in the Loess Plateau
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YERT,  ELASIR) A5 2 b v 4 W 1) 52 e 5 P AR AR B 22 % 0 2001-2024 4, & T R95pTOT
B WO A= ok g v AT 20 1 L AR DB A S B T SR M B Y T L L AR DA L [
A, ZEFOIRMEAE S F A R, Hoo B IR 4 4ERpAE R 100% ) 7K F
Wi B v R AR A R 3 B o P R A T AR B . R, X R T ) A
RIS RS, FEAR RFEEE LR LA ROSpTOT PSR AL 1 9 F4 TN A=k 77 >R %1 ), 3% B i [
RS2 SRR Y = PR R AL . AL R, ZE T R99pTOT B R 1R 1 /7 TH
IR SO BAS T TP, AR BRARAAT) 5 e SRR RO AT L — B
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Figure 6-5. Contribution of extreme rainfall events to soil erosion on the Loess Plateau in 2001-2024.

6. 1.4 THFRATHELSETIFERIBAIS

MR S5 KA (R 6-2), B TR N BB TR AR SR H 31.76% T B 22 29.12%,
MRHE 12.56%FF 4218 5 15.37%, #iHiH 4.49%F% & 2.55%, B UG ARFFAE 48%~50%
KA, NEHRME 1.65% % 3.29%. K 6-6 #t—K, ¥t mR - LHoF R
BERINER B Atth (m) AR RN Bt A% AL, X U0 BRI 5 B P X SR b 7 5 S AR B
o, MR ORI RE B sE . BNEHR AR TT RRE X MDA L SRR
& Ja3 A AT 1) T el 555 B R 0) b2 (1) BELEEAT T AN TR AR p R, AT AR 3842 b UGS
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# 6-2 20012024 T35 4 = J7 A HOR FH2RAY IR S B (%)
Table 6-2. The proportion of land use types in the Loess Plateau in 2001-2024. (%)
+HORI SRS 2001 2004 2007 2010 2013 2016 2019 2022 2024

Hf 31.76  30.62 3035 2950 29.14 28.61 2890 29.71 29.12
PR 1256 1278 1326 1358 14.01 1421 14.65 15.15 15.37
TEAR 0.62 0.61 0.50 0.41 0.39 0.38 0.33 0.30 0.32
L 48.52  49.72 4958 5038  50.22 5056 49.65 4843  48.86
KA 0.37 0.40 0.43 0.45 0.48 0.47 0.49 0.475 0.46
R 4.49 3.99 3.76 3.31 3.11 292 3.01 2.74 2.55
N3 1.65 1.86 2.09 2.34 2.62 2.82 2.96 3.17 3.29

2001 2007 2013 2019 2024
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S— R—Y et

B 6-6 20012024 4F 3 - g Ji 1 B M) FH SR AU 1 S A 1A
Figure 6-6. The mulberry base map of main land use types transfer in the Loess Plateau in 2001-2024.
MANTR] = 1A IR () L3RR R (3R 6-3), BRMUR Il B2 72 S W 8 . 2001
2024 SR T SRR RO AR B vy, Z2HUFE AR 4ERREAE 15 tha -y LA |, 2003 4241 2013
Fop )ik F) 38.55 M1 31.03 thatyr s AMUAIEARMIK ., iAW TE K, JEH
PRHBAE 2003 SEAT 2021 G4 A3 30.45 A 35.88 t-hat-yr!, HEARHLAE 2003 A 2021
FIraIE ] 27.25 A1 28.29 t-hat-yr s BRHUZIIAREUS AR T O MHATREAR ), (2
P et 5 NG s MR R PR SO AR, 2 A0 4 2-5 t-ha ! yr ' 2 1],
2024 ETHA 7.47 thatyr 'y KIEEEAA LR, iR MRERR. &R
AR, 3K L g Ak ) i 2% iR P AR 7 3 v TR S PR T 3R L A R AN 78 25 % fE LA
TERIN RS R, I AEWRE T MR S LU0 5 1200, M SE 2 W5, AR
HiAE 3 v SR 2 A PR AR AR AR U X PRI XU AR B A AR
AL
254 % LA SR AR o LS5 1R MR R ER & o0 A, Bt B b vy R SR AR T R
s AR . —J7H, B P AR & s 7 I, R R A %2
R AL T, PRI R R DX SR It Dk A AR A . Bkt R R AR P
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AN B B HNTAR I, L T AR o AT 30%, 47552 50 X 45 - 3384 ok ) B BRI
bt Bt i AR D, HOR R K SRR E AT BT R B MRIBTET AR SF SE RN, 4% RO
AFITF AR ORRFRE ST, (AMEER EFR, MR MR IO R R0 BRAR, Ui R ARt
A RESE 2 A AE I BRI SRR IX sk, PRI AR 25k R RN AE R U P i R 52
AR R G B R T R B AR, (H R TR R R B LR, X
DI ARAZ P AR AR B PR s AL AR > U R AR R N R A, XX
SR P 5 B AR L N R TR B T, (AR AR A, SR B X
P S84 ot P TTRR A
# 6-32001-2024 38 L5 R % LR R AU IS (FRAAL: tha oy )

Table 6-3. Erosion modulus of different land use types in the Loess Plateau in 2001-2024. (units: t-ha™-yr™)

HHA IR 2001 2004 2007 2010 2013 2016 2019 2022 2024

H 1204 812 862 869 1099 473 485 643  7.14
PRI 17.47  14.02 1498 17.19 2031 1124 11.07 1999 18.26
FEA I, 18.44 1753 1591 1725 2139 1580 11.76  25.02 19.82
i 3128 1829 2128 18.60 31.03 13.16 1256 16.84 19.52
KA 0 0 0 0 0 0 0 0 0
i 342 290 294 335 352 489 376 410 747
Nt & 0.06 0.04  0.05 004  0.06 003 0.03 0.06  0.04

6.2 BISFEIDIRRMXS X RME TN 7247

6.2.1 BEF7H

B R IR s R R (R 6-4), 2P q B & AN LS B1F-(0.3733),
HN R HF (0.1345), P. K f C HFHIZFF q EHa 54 0.0755, 0.0597,
0.0340. £ R LW, 3 tm R IR ) 48 1 Jv LS BBl F1 R B3« AR [a] B,

SO R i K AR 5 B/ ME I B EAFERR ZE 5. Hodr, R BIFAT LS 71 q [EERR
B, 1N 01735, 0.1668; P PR H1 K K1) q (ALK ZE FAHREN
* 6-4 20012024 % IR 2R A T q 5
Table 6-4. Statistics of the q values for different influence factors in 2001-2024.

2k A1 =N e /ME B
R (K1 0.2255 0.0520 0.1345
P X1 0.1432 0.0550 0.0755
C HF 0.1285 0.0168 0.0340
LS A+ 0.4489 0.2821 0.3733
K [H-r 0.0919 0.0289 0.0597
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Kl 6-7 9 2001-2024 -3 i R & LIRR MR W R 1 q (EN AR AGRHE . B AR
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Figure 6-7. Temporal variations of the q values of different soil erosion influence factors in 2001-2024.
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Figure 6-8. Schematic diagram of the interaction types of various soil erosion influence factors
in typical years.
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Figure 6-9. Interaction analysis results of various soil erosion influence factors in typical years.
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