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Abstract: [ Objective] The spatiotemporal distribution characteristics and variation trends of rainfall erosivity in
Yulin City of Shaanxi Province were explored , in order to provide theoretical guidance for studying the regional
soil erosion patterns and formulating soil and water conservation measures. [ Methods | Based on daily rainfall data
collected at 18 meteorological stations in and around Yulin City from 1991 to 2023, the rainfall erosivity values at
each station were calculated using a daily rainfall erosivity model. The spatiotemporal distribution characteristics
and variation trends of rainfall erosivity over the past 33 years in Yulin City were then explored and analyzed using
statistical methods. [ Results] The annual average rainfall erosivity in Yulin City was 952.88 MJ-mm/(hm®-h-a),
and the annual average erosive rainfall was 270.87 mm. The rainfall erosivity and erosive rainfall at each station in

Yulin City were unevenly distributed throughout the year, mainly concentrated in summer and autumn. The spatial
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distribution patterns of rainfall erosivity and erosive rainfall were generally consistent, both showing an overall

increasing trend from northwest to southeast. In the future, except for Wubao station which would continue its

historical trend, the rainfall erosivity at all other stations was projected to show trends opposite to the past, with

rainfall erosivity and erosive rainfall expected to gradually decrease. [ Conclusion] The annual rainfall erosivity in

Yulin City shows a fluctuating upward trend, with significant interannual fluctuations observed at various stations.

The future trend of rainfall erosivity in this region is projected to decrease. However, significant uncertainties

remain regarding its variation trend. Therefore, it is necessary to strengthen soil and water conservation

management and soil erosion prevention, particularly at stations where rainfall erosivity shows an increasing trend.
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Fig.1 Elevation and distribution of meteorological

stations in Yulin City
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Fig.2 Changes in annual rainfall erosivity and annual
erosive rainfall in Yulin City during 1991—2023
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Fig.3 Changes in annual rainfall erosivity and erosive rainfall at different stations in Yulin City during 1991—2023
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Table 1 Coefficient of variation of interannual rainfall erosivity (C,) at different stations in Yulin City

Ui A ik B L E i Wil 4

A (E50 KN 73 e £ bRl

C 18 0.40 0.50 0.55 0.47 0.47

0.44 0.49 0.38 0.40 0.47 0.37

i AR T 4 DX 5 4% 3 B 4 B R 4R il g R AR
AR AL R IR — B da) o TR K B ARl )
AR KRR 53 S 24> B Bt - 2005 PATHT , R U F 248
W /I B, 6 B A% AR R AR I ) S 2 AP B 22

a EHmZik A EMIEF

1991 1995 2000 2005 2010 2015 2020 &
&

1991 1995 2000 2005 2010 2015 2020

8 0 17152005 4F KU J , RG-S FR 4 | T3,
KHBEWRM S T 2EFHME., N e
5 B RN AR by BOBUEE 7 0 A fb o 3k AR — 5
(E 4b),

b iR R RIEF

F

B4 1912023 FEHAHEREENERMUEFRRERRIETE

Fig.4 Cumulative anomalies of rainfall erosivity and erosive rainfall in Yulin City during 1991—2023
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Fig.5 Monthly average rainfall erosivity and erosive rainfall across entire

region and different stations in Yulin City during 1991—2023
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Fig.6 Spatial distribution of annual rainfall erosivity and erosive rainfall in Yulin City during 1991—2023
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Fig.7 Multi-year average rainfall erosivity and erosive rainfall at different stations in Yulin City during 1991—2023
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Fig.8 Spatial distribution of statistical value Z of rainfall erosivity and erosive rainfall in Yulin City during 1991—2023

23 BEEMARKEEIN

LR R AR T 1991—2023 4E [ F 1= 1l )1 i
TP B i MR B RS B R R R IEED) R
PRSP CAA 2005 4F IR s R BE PR ¥ & BT O |
Mann-Kendall 4t i & Z{E (Z{EH K F 0D, o] DL W
AT B R S P A DX R 4% B R R AR ol
7 AR ek P [ R A S S

I F Hurst 5 8006 A K & S50 1, th 3€ 2 45 3
SR T AR ik g R AR kP R R S A R/S 43 B 4 R AT
B BR S BR (H=0.537 2) 4k, Hifts 11 4> 36 5 609 [
12 1 B9 HAE ¥/ F 0.5, Hr AR TiT 4 X duk B 7 42
T8 H=0.389 4; 12 A~ ul 5547 th P B W 52 19 HA(H 3
INT 05, 2R MPERER A H R 0.392 4, X%
B % B A% T 05 A R AR i R K iR T A B 2 A R
ek vk Calg ¥ a0l ZH) ™, Bk B 5 by AR b s #
A o

& 3F T A AACTT 4 DX I R AR ok T R AR ol
R ok AR Al ke 3 5 o LA B B 2 ) 5
i, SR RN IE 2 Ty sl A A A, Ak S IR RN WG
Ay 3ty 3 1) 55 D3 o2 AR Ak S S, T R R 23 ) B
WU/ 0 B R R A% AR R B N R Y S
Ty S a3 B, Wt R ok 23 G2 12 )N o

x2 MMTEHAERERANREME
FEMENRISHTER
Table 2 R/S analysis results of rainfall erosivity and erosive
rainfall at different stations in Yulin City

i o TR 42 ok g AR P R R

H R? H R*
iy R 0.409 4 0.857 6 0.4259 0.9511
il 0.344 1 0.848 6 0.405 4 0.9217
FE 0.426 5 0.979 2 0.253 6 0.678 4
i 0.375 9 0.8415 0.3830 0.958 1
A 0.3829 0.896 7 0.399 2 0.8558
ELVN 0.367 1 0.829 9 0.3659 0.799 7
fE & 0.348 8 0.796 9 0.416 9 0.813 3
X g 0.3851 0.791 1 0.307 1 0.721 2
o 18 0.298 5 0.700 5 0.3430 0.829 9
T 0.202 3 0.429 9 0.280 1 0.771 1
2R 0.537 2 0.850 2 0.447 2 0.898 0
i 0.389 7 0.830 7 0.362 2 0.9154
4 X 35 0.389 4 0.826 3 0.392 4 0.877 2

HH o Hurst i ; R 0P 28

3 W ow

AHEFE R A AR T 12 AR B R R 2 64
Geul il HRRE W GO, 20 A 1 A PR T ARk A g =S



5 6 3]

SRS 1991—2023 4F Bk VG 24 i A TiT 9 R 42 1ok g i 25 A 4k 233

] 43 A BBt e AR Al ke # o 25 E WT Afi AR T A R AR
Tl g R AR P o AR R B Sy VG G 1) 7R e
TN 3 5 B K TR S R 4 A S R 4l 2%
AN AR HW B, 2 FR AR OR KEO 468X B 4
JEE ) b5 0 e 7 A 45 X SR B 9T 22 4F O 24 [ T 4R
il g 233 18] 43 A B4 5 SR v DG F A bR T X8 P ) B R 432
b g o3 A LR AR W) A

RI MHRTEEREAERNEEMEEWERKESD
Table 3 Future trends of rainfall erosivity and erosive
rainfall at different stations in Yulin City

AT R ol e T B

R g RRAM PR AR

e o 25 s
i s 41 W 4 W
B 1l s > s W
& i1 s 11 W s i >
i 31 H W 4 W
i 4 P > s W
A s i > s W
& P W 4 W
k1 s > s W
% 1t s W s 11 W
S s 41 > s W
2B P P D W
i B4 i > s 11 W
SRE W > 0 W

WF5E 2, M AR T 1991—2023 4F S 1y f 1 432 ikt
414 661.24~1 236.93 MJ-mm/(hm?*-h-a) , 5 ffi %
A SENY1961—2017 B In) 30 35 B T 42 1ok 7 A AR T X
3R A 400~1 200 MJ-mm/Chm?®-h-a) , J§ Ff 58 227 #
AT B 1960—2022 4F R T 4= 1tk 77 B 25 78 A HF AE A
kAT IX 88 N 800~1 400 MJ+mm/Chm?-h-a) , #] #k
SEI1971—2000 4F 25 S v B 78 44 M AR T 4 X301
781~1 514 MJ-mm/(hm* h- ) fFEEF . FEIFN
I B 2 AIF 53 B[] BN — B0, AH L 1 £l ok AN AL, H
P RUAE 242 oM [ TR A A 22 5, R EOT R AR AL
R a AR o Horf AR IR 5 25 5 v A2 ok 1 B R
J 194.3~329.2 mm, 1fij 5 Bk 452 B 98 45 1k 169~
350 mm, A] BB S A RUJEE 1) 4% (8] 2508, AH L A ATF 58 IX 35
AR N e G R g K N B D EE S e
22 85, B — [a) Y LR R A 7 2 — 2P i AR
PRVT o AT 58 1 ik W 4R ol g R AR ok 1 A ) A0
o 5RO 4 R V) A ARV A
B AR AR rr ot 30 A bR T P G R R L, A

8 PR AE o0 IR AL T A 1 FURR LDk B . A S
SRR R 0 Bl G S AR5 B P AR A
2 (1435 11 B 2007—2009 4F (14 4= by 1 4 1 2 A0 P4 R 42
Tl 7y 5 AW 5 () B 4 0 45 R R AR — 30, AT DL A B 5
GEARAE VT RETEE N .

Wi 8 T 45 % 1901—2016 4F B - 55 J5 J 1 42 1k
T 5T W, B B V) A% X H S A 45 A AT 4 K
3 b DX 1 8 TR A2 ol S S B 5 % A ARSI T
Tt 388 95 T AR ok g A T 1) R I M A B A BT R W
B 74 b 8 o, 4 A bR T A 40 X0 e AR el T R
RN, LB BF ST 45 SRS A ST A M ]

A bR T 4 X3 R AR el g AR ok e AR R R
AR AR B 5 2 R R, B % /N R e, LR R AT
J2 e T 42 1ol ) AR ok o R A2 ) P RO U R R
(14 0 20 A% A AF 7E J8 30 1 0 shim/ N . AR ATE g B
g5 BRI, 2005 4 ZHT A 14 a [ W R Bl AR Dl
P B W e 52 AU S AN B 4 /DN L 2005 4F 2 J5 19 18 a B
T {32 ikt g A2 ok o T SR RSP O 8 g B
T 2% 30 A AP MR TIT R W 432 ok g R ol R T
fEFEWE sh A8k o WA, 3 o R/S 40 A 3153 19 Hurst 48
BROGF A ok e B TN 43 BT AE AR AN B E M S SR 5
W 38 A R AR Ak B 0 AS TR 98 7 T R ATk — 5
DU 7, AofE U0 43 A 5 SR X T 24 b o AT B AR .

20124F 7 H 27 H A EL 58 (2017 4E 7 H 25—26 H
DLfESE M 20224F 7 H 10 HE L B & A T 2 W AR
S, 20224E 11 H10—11 HAE B E2 7T &R H
ARSI YRR R R T o A Sk A AR T R W AR ok g R g s
P /N E R A T G T A A A R B 3 R it B K A 6T
Ao BT e W A2 ok g 1 R RE R A RR TT BT AE Y B
o JEU Ml XK 4 U 4R A B TR AR A B ORI
ARTIT 4% Hh DR B B R 19 42 ol 2R 058 R RE A, 7E K
T+ 2R v T i b o — 2D 4R R R Rl | A IR RN SR
FIRRFCBIR A A+ TR, AR A U M 4K
- DR A 7 T RE AR T, 3 HE AR 2 ) AT KU RE
3, 384 ) FH 8 R e S A K A U2 R i A T
B A0 N w18

48

CLD A AR T B R AR okt g 42 ol A o T = ) 4 B
ALY RIS BT AR R R
952.88 MJ+-mm/Chm?*-h-a) , 4F £ {2 1 1 % W & K
270.8 mm, & 25 R B N 0.29, FE R Sy A4 ol
P B W 4 7E 2005 4F 2Z i 3 Wi 9 /]y |, 2005 4F 2 5 2 1
ke

(2) A BT ik T A2 okt g R 42 ol % R A N O A



234 pi s U E SR

o545 %

ANy, FEEPRIERSE, 00 b 2R 43.21%
42.01% o AT ARTITAF P9 R R 42 Dol g 0422 ol o o
0l SRR R L A

(3) M bR TiT [ W (2 Aokt oy 0 4R ok A R A 45 ] 4%
A1 35 Ry oh P b AR RS RN . 2 AR T B4R Tl v R
i N 194.3~329.2 mm, £ 4F S 2 [ FR 12 1tk 71 N
661.24~1 236.93 MJ-mm/Chm*-h-a) . ik 17 K& §
12k g 5 0 M R e A, L 4 A R Y B R AR
WIETBURTE & éX 5L o

(4) 3 F Hurst 8 FO6 A ke 4% £k i 35 0 1500 45
BT, AT 4 X8R A T 2 ol 7 4R ok e o T A R O
AR A R B o R R S BRI 5 4% Sk A I B T
1Rk F7, 5 B8 Sl g AR 252 7 s AR ks B, 4k Sk AR F5 3 in
A A TR 2 1) 25 TR TN B R R R 5 4%
AR AR ok o R 34 T sl R SR B, T R Ok &
LW

5 % 3Lk (References)

[1] KEO Soksamnang, fif 8 X 22 &, 45 . 8 4 5 5 50 4%

AF o R W ARk 07 8 Ak T X R R i s [T]. K £
TRFEWFSE L 2018,25(2):1-7.
Soksamnang K, He Hongming, Zhao Hongfei, et al.
Analysis of rainfall erosivity change and its impacts on
soil erosion on the Loess Plateau over more than 50 years
[J]. Research of Soil and Water Conservation, 2018, 25
(2):1-7.

(2] ZEm%, 200, MEE, % . 1982—2022 4F g J7 £1. 58 X %

T A=l g i 25 A% Jrg AR U R B T ] AR 2 e i
2025,45(9):4248-4262.
LiJiarui, Li Le, Hao Zezhou, et al. Spatial-temporal pat-
tern evolution and attribution analysis of rainfall erosivity
in the red soil region of southern China from 1982 to 2022
[J]. Acta Ecologica Sinica, 2025,45(9):4248-4262.

(3] BROKYg , BEAR M, 5 R W, % . v [ B T 4= o 0 4 ek 25 93

fii K T B AE 5 [T]. A ke TR 2 4, 2019, 35(9) »
105-113.
Yin Shuiging, Xue Xiaochan, Yue Tianyu, et al. Spatio-
temporal distribution and return period of rainfall erosivity
in China [J]. Transactions of the Chinese Society of Agri-
cultural Engineering, 2019,35(9):105-113.

[4] Teng Hongfen, Hu Jie, Zhou Yue, et al. Modelling and
mapping soil erosion potential in China [J]. Journal of
Integrative Agriculture, 2019,18(2):251-264.

(5] % . B R0k J7 3+ 58 0y R TS kR [T ], 22 gl b F

2£,2019,47(16) :5-8.
Yang Xuan. Research progress of computation method of
rainfall erosivity [ J]. Journal of Anhui Agricultural
Sciences, 2019,47(16):5-8.

(6] AEHL, X T4y, 3k, 4 T8 W) 4k 9 B FE TR A9 8t R

[8]

[9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

7K Al V8 T AR ey I 2 AR AR R AE 43 BT D] K AR AR
WA, 2024,44(3) : 274-283.
Yu Mingi, Liu Shiyu, Sheng Fei, et al. Analysis of spa-
tiotemporal variation characteristics of rainfall erosivity in
Xiangshui River basin of southern Jiangxi Province based
on different daily rainfall [J]. Bulletin of Soil and Water
Conservation, 2024 ,44(3):274-283.
Wischmeier W H, Smith D D. Predicting rainfall erosion
losses: a guide to conservation planning [M]. Washing-
ton, DC: USDA, 1987:537.
Richardson C W, Foster G R, Wright D A. Estimation
of erosion index from daily rainfall amount [J]. Transac-
tions of the ASAE, 1983,26(1):153-156.
BOCYE LW XSO0 R H R A R AR T 8
AT R4 2002, 22(6) : 705-711.
Zhang Wenbo, Xie Yun, Liu Baoyuan. Rainfall erosivity
estimation using daily rainfall amounts [J]. Scientia Geo-
graphica Sinica, 2002,22(6):705-711.
Renard K G, Freimund J R. Using monthly precipita-
tion data to estimate the R-factor in the revised USLE
[J]. Journal of Hydrology, 1994, 157 (1/2/3/4) .
287-306.
Lee J H, Heo J H. Evaluation of estimation methods for
rainfall erosivity based on annual precipitation in Korea
[J]. Journal of Hydrology, 2011,409(1/2):30-48.
Mikhailova E A, Bryant R B, Schwager S J, et al. Pre-
dicting rainfall erosivity in Honduras [J]. Soil Science
Society of America Journal, 1997,61(1):273-279.
SCWA AR BXo, F 480, AF 1957—2017 AF 3 YA It Juk 5
it R W T AR ok B A AR A A BT [T ] K BE IR 5K TR A
#,2021,32(4):93-100.
Ai Mingle, Zhao Qiang, Wang Kuifeng, et al. Spatio-
temporal variations of rainfall and rainfall erosivity in
Jinghe River basin from 1957 to 2017 [J]. Journal of
Water Resources and Water Engineering, 2021,32(4) :
93-100.
W2 X, SRR L 55 . 1961—2019 4F 3 V0 3 45 ¢
fRA g i s AR AR AR 3 M [T Al TR 2441, 2022, 38
(14):136-145.
Ji Xingjie, Liu Mei, Wu Xixi, et al. Spatiotemporal
variation characteristics of rainfall erosivity in the
Yellow River basin from 1961 to 2019 [J]. Transactions
of the Chinese Society of Agricultural Engineering,
2022,38(14):136-145.
Yin Minfeng, Zhang Jiagiong, Shang Yueting, et al.
Correlation between flood couplet-based sediment yield
and rainfall patterns in a small watershed on the Chinese
Loess Plateau [J]. Journal of Hydrology, 2024, 637:
131407.
Wu Quanlong, Jiang Xiaohui, Shi Xiaowel, et al. Spa-



SRS 1991—2023 4F Bk VG 24 i A TiT 9 R 42 1ok g i 25 A 4k

235

[17]

[18]

[19]

[20]

[21]

[22]

tiotemporal evolution characteristics of soil erosion and
its driving mechanisms: A case study: Loess Plateau,
China [J]. Catena, 2024,242:108075.

R BN S L A B e TR T AR AOE X A AR o
i 23 A A B9 3 i (7). A2 25 22 4, 2025, 45(10) - 4940-
4951.

Xie Le, Hou Peng, Zhou Tao, et al. The rainfall char-
acteristics effect spatiotemporal patterns of rainfall ero-
sivity in the Loess Plateau [J]. Acta Ecologica Sinica,
2025,45(10):4940-4951.

BN, 2o AL oh, 45 BTG At AR T 3 4=l 8l 2
TR R[] LR R, 2020,48(13) :63-69.
Xu Yunhuan, Li Jingyi, Ren Chong, et al. Dynamic
evolution and predictions of soil erosion in Yulin City,
Shaanxi Province [J]. Journal of Anhui Agricultural
Sciences, 2020,48(13):63-69.

Mot X A, IR R V- L Y KUK 2 5 1R
Tk E YRR - DL i O BT T R IR S, 2012, 29
(4):692-698.

Yang Yanyan, Liu Lianyou, Cao Hengwu. Wind and
water erosive forces in a desert-loess ecotone: A case
study in Jingbian County, Shaanxi Province [J]. Arid
Zone Research, 2012,29(4):692-698.

BRI 2 B s IR R AR O s A A [T ]k
PRAFI A, 2005,25(4) : 29-33.

Yin Shuiqing, Xie Yun. Spatial variations and seasonal
distributions of rainfall erosivity on Loess Plateau [J].
Bulletin of Soil and Water Conservation, 2005, 25(4) :
29-33.

WRE1RE X0 25 %, 2= 1K, 48 1901—2016 4F 8 + o JELRE
TR ARl g i s AR A [T K B R B BT ST, 2022, 29(4)
39-46.

Chen Jiannan, Liu Yilin, Li Pengfei, et al. Spatiotem-
poral changes of rainfall erosivity on the Loess Plateau
during 1901—2016 [J]. Research of Soil and Water
Conservation, 2022,29(4):39-46.
B, R, SRR, A L BV A R AR ik ) I A 4 A R
FELT]. F R X P, 2014,37(6):1101-1107.

Hu Lin, Su Jing, Sang Yongzhi, et al. Spatial and tem-
poral characteristics of rainfall erosivity in Shaanxi Prov-
ince [J]. Arid Land Geography, 2014,37(6):1101-1107.
BORETC A AT . 1960—2014 4F A 45 VT I 3 b T 42 1o )
i 25 ARARAT TS (7], AR IR 41, 2017, 32(2) : 278-291.
Zhong Keyuan, Zheng Fenli. Spatial and temporal varia-

[24]

[25]

[26]

[27]

[28]

tion characteristics of rainfall erosivity in the Songhua
River Basin from 1960 to 2014 [J]. Journal of Natural
Resources, 2017,32(2):278-291.

WA, BN, 2, 45 BTN S R/S TR TDLIL
FP I U A SR KA K e I ] R B A AT (D] M B 5 L 2012,
31(5):811-820.

Pan Yajing, Wang Yanglin, Peng Jian, et al. Precipita-
tion change in middle and lower reaches of Hanjiang
River: Based on wavelet analysis and R/S analysis [J].
Geographical Research, 2012,31(5):811-820.

WA WL TR R/SHHI T 0 HIS S
BAEPEH[T]. G35 05 RidTE, 2009, 24(8) 1 59-64.
Huang Yirong, Luo Yi. Assessment on the efficiency of
Hurst index estimation based on classical R/S method
[J]. Journal of Statistics and Information, 2009, 24(8) :
59-64.

AR, X AR AL, AR B e TR A TR b A 2 R IX R R 42
ol g B 25 RRAE B ST LI ] K 1 R 7 4R, 2008, 28(3)
124-127.

Li Jing, Liu Zhihong, Li Rui. Temporal and spatial
characteristics of rainfall erosivity with different geomor-
phology types on the Loess Plateau [J]. Bulletin of Soil
and Water Conservation, 2008,28(3):124-127.

F It 85, 4 201 22, X0 U0 | 45 B O IR 1960—2022 4F:
WA T 42 ol g i s AR AR R AR [T ] K AR B IF 5T, 2025, 32
(5):39-47.

Lian Luyao, Yang Ruzhen, Liu Yuanfeng, et al. Spatio-
temporal variation characteristics of rainfall erosivity in
Yellow River basin from 1960 to 2022 [J]. Research of
Soil and Water Conservation, 2025,32(5):39-47.

o W, EERE W e FUK R TA BR
[7) R B 3 5[] R 252441, 2019, 39€20) : 7398-7409.

Li Zongshan, Yang Lei, Wang Guoliang, et al. The
management of soil and water conservation in the Loess
Plateau of China: Present situations, problems, and
counter-solutions [J]. Acta Ecologica Sinica, 2019, 39
(20):7398-7409.

L PRV L R0 R L 1961—2023 45 v [ B (2 o ) A2
PR AIE B oA O S5 Ak [ 0], el T/ 2 41, 2025, 41
(4):50-58.

Gao Ge, Chen Tao, Xu Yuanxin. Variation and trend
of rainfall erosivity in China during 1961—2023 [J].
Transactions of the Chinese Society of Agricultural
Engineering, 2025,41(4):50-58.



