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Temporal and spatial distribution of soil erosion in Guanzhong region of
Shaanxi Province from 2018 to 2022

Zhu Xiangjun, Wang Chuanming, Li Xiongfei, Fang Lisheng, Zhang Jinzhong, Yang Kai, Liu Zhenghong

(Shaanxi Province Soil and Water Conservation Ecological Environment Monitoring Center, Xi’an, Shaanxi 710000, China)

Abstract: [ Objective ] The temporal and spatial distribution characteristics of soil erosion in the Guanzhong region
were studied, in order to provide a scientific reference for formulating accurate and effective prevention and control
policies for soil erosion. [ Methods| Based on the Chinese soil loss equation (CSLE) , the soil erosion modulus
was calculated. Using ArcGIS for regional analysis and overlay methods, the spatiotemporal distribution
characteristics of soil erosion in the Guanzhong region were analyzed, along with the effects of land use type,
slope, and vegetation coverage on soil erosion. [Results] D From 2018 to 2022, the area of soil erosion in
Guanzhong region decreased by 568.67 km” and the soil erosion grade shifted mainly from moderate and above to
slight and mild. @ The spatial distribution of soil erosion in the Guanzhong region was higher in the north and
south, but lower in the center. Mild soil erosion is the main type of erosion. Over the past five years, the range of
slight and mild erosion has shown a tendency to expand from the middle to the north and south sides, but the range
of erosion levels of severe and above has gradually narrowed. @ The sensitivity of soil erosion to slope was
stronger in the 8°—25° slope zone, while it was weaker in areas with slopes less than 8°. @ From 2018 to 2022,

the proportion of reduced soil and water loss in high-coverage forest areas was 72.60% , which was the main
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reason for the decrease in areas of soil and water loss. ® Forestland and croplands were the primary land-use

types where soil erosion occurred in the study area. [ Conclusion] Guanzhong region showed a double downward

trend of reduced soil erosion area and reduced proportion of high-grade erosion intensity, indicating that the soil

erosion situation has improved. The 8°—25° slope zone is a key area for sloped farmland management. High-

coverage forests are crucial for reducing soil and water loss.

Keywords: soil erosion; Chinese soil loss equation (CSLE) ; land use; spatiotemporal distribution; Guan-

zhong region
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Table 1 Proportion of different types of soil erosion in Guanzhong region
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Fig.1 Spatial distribution of soil erosion intensity in Guanzhong region
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Table 3 Area proportion of soil erosion
intensity of different slopes
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Table 4 Area change rate of various soil erosion intensities at different slope zones in Guanzhong region from 2018 to 2022
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Table 5 Proportion of soil erosion types with different

vegetation coverage in Guanzhong region
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Fig.2 Soil erosion situation with different coverage

levels in Guanzhong region

AN [ 78 55 BB K 0 2k AR AR b ok B, 2018—
2022 4 w5 7 75 B K B U BRI s b, A a6
JE 45 g T B S [ R EE A B8 CIET 3D o bR L
8 5 P K A0 b BB oh 72.60 %, vk S

Mo AR o W B MK MR TR UK A R 2K T AR
Ik /b ) 2 E A

10000
120184
8000 20224F
I &
~ 6000 |
g
]
i 4000 +
= 2000
0 ._D.@—_:@-_m_ e
-2000

mESE PRESRE PESE PRESE KEGE

3 XHMRARERESERIREAERENL

Fig.3 Variation of soil and water loss area
under different vegetation coverage in
Guanzhong region
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Table 6 Area proportion of different soil erosion intensity of various land use types in Guanzhong region
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Fig.4 Change of soil erosion area in different land
use types in Guanzhong region

5 PHE A

AW R G M T 2018—2022 4F 56 v iy X+ 1
15 Tt 728 AR AR 50 S AN T 3 FE AN [ A o B i 2 R AN [
+ R R G AR R B BIF ST R O T il XK
0 R T R R B R A, AR s B o A
] 1% 55 9%, HL 3= 23R 0 b B8 K ik BT B ol
FE Ko VLN A= 0l 25 9, 38 43 36 BT 0G i b DXl JLAR K
TR B R 3 HLA B R o B AR FUAR il X
B AE R AR ST R AT SR A AR GO ) A% B Kb R R AR
MG . X2 i T U 2200 A6 78 52 N 2R3 3l 52 e 48
PN R R SR IR AR L o B NS E )|
M 3 42 S 7K 3 2%, B A 2R AT 3R BRI, 3%
5% X B AR P R I H A WA T B By Lk OB AR
JIE ) R AR R RS, AN, 8°~25° X I Y SR ol kB
FE UV e um B3R O, AR Dl R 2, S5 G
WF 5T B, 32 DX 32 28 Oy B el b K /b d AR A
WA IR SR, N 2 R AR I B 3 3 S it 3 A TR Ok
A AR Ol TN T 8T X8R 32 Sy B b K v
M, 3% X S AR o X 3 B BURR MR B 55, NS B R
T I XK A G i FE B R A B O AE YA B R
5 A0 A A K R A LA K Rk . [EA R
P A e 7 i MR M A e MK - R AE Ol B 3 . R
FMRAE AR T o BB AR B BRI R0 3

ISR KPR AL, B8 Y A P K ORI, 3l A B
R w3 B R S P AR O Bl A R 1574 A
T 55 T M R AT R, DA v A 56 B M A AR R
B W K O B ) e A R AR A K R
L — 5 THT A A TCAE 14y 2, PR — SR B Y R
P AR 36 B LA D K R 53— T 2 S it
AR DR A DX R AR A BB 4 R AR
AW AR EZ R $E T XK AR RERE T

AT 5 45 0] oA 56 e X i K R AR R N
AR ERREMER S HNEEAR . AR
TE UKL R v Y 2018—2022 4F 1 Sk WF 5% 4E B, i i) R
JERE /N, AT RETC T HE R B A8 R 2 A8 A ) 4= ik
(A5 M, 6 A S A BIE 2 Ty , oK B R A T RUBE , 8 fin
307 W IR | DA T 3 4R ok 4 SR Y 4 T

6 4% it

(1) 2018—2022 4, & Hp Hhy X 5 B /K + i 2k T AR
U /0 I 1 S AR ok R B AT B R R R, 5 a
], 7K 7 2k 1 AL /D T 568.67 km?, 4F 2k 2 R
N 4.6% ; LR P AF R A A BRI R B N
TR R BT T B RS R

(2) 2SR 43 A 2K A, G v il X+ 38 43 1ok 52 2
Jb s p G AY 2 A RR AR o HE R U B R R A,
56 v b X S AR ik 2 TR g 2 % D AR o D) R
MR RO 75 5y 32 NS5 0 1 - D X 1 2 A5 R O
A 76 S P A 5 2 0 L B O B HE X, A2 1R A
ALK T, O b X B R R R A el S R 2 B DA



33

A A5 0 2018—2022 4F Bk P4 48 56 vp Hin X 4 398 4= (ot Bsf 4 0 A 231

TR i) 9 S 7 A A A o R R LA b AR ol 9 L 38
AN o

(3) BEJE KT 257/ X I, & A 5 7= AR K 3
IR DX 5 8°~ 253 B b M AR ol o) e JBE Y UM A
5, FL I RE Al K i 2 I 0 U EDRE G 2006, SR AR
U O Y B DX 5 /N T 87X 4R o Xt I
0 SRR 55

(4) S b IX 7 o B2 55 K U 2R DG TR BT I .
Hh v A T M e B DX K I R R, Al
i BE K W R B s AN TR BE o T B MR MK R
ZESR/N o 5 ala], o R A A R DX K A O R el b
T FR L9 0 72.60 04 , S 51 VK A 3 % T AR ek b B 32

(5) bk B3t el 7 A 50 P b S WF 5 IXC 00 2
B MR 26, SR ik 3 A AR A bR M B B
I~

5 % L #f (References)

(1] ok, RIpT ok, dk & R 4% A4 R R i 5K - 055
frF it 5 B[], 24, 2020,57(5) . 1117-1127.
Shi Zhihua, Liu Qianjin, Zhang Hanyu, et al. Study on
soil erosion and conservation in the past 10 years: Prog-
ress and prospects [J]. Acta Pedologica Sinica, 2020, 57
(5):1117-1127.

[2] Devaty J, Dostal T, Hosl R, et al. Effects of historical
land use and land pattern changes on soil erosion: Case
studies from lower Austria and central Bohemia [J].
Land Use Policy, 2019,82:674-685.

(3] BRAE NS 22,58 3E 7048k P [ [ AR b 35 A
FFIREE RN AT T i R 5 R [T ] P R Hh Ik
Bl2#,2019,49(11):1659-1696.

Chen Fahu, Fu Bojie, Xia Jun, et al. Major advances in
studies of the physical geography and living environment
of China during the past 70 years and future prospects
[J]. Scientia Sinica ( Terrae), 2019,49(11):1659-1696.

[4] Wuepper D, Borrelli P, Finger R. Countries and the
global rate of soil erosion [J].
2019,3(1):51-55.

(5] KRR, 2200 [, ol 45 i v [ 445 Pl 58 oK sl &
RASCHEGUIRLT ] K H PR35 R, 2022,42(4) : 373-380.
Zhang Keli, Cai Qiangguo, KeQihua. Major achieve-

Nature Sustainability,

ments and future key fields of soil erosion research in
China [J].
2022,42(4):373-380.

[6] Guo Lijia, Liu Ruimin, Men Cong, et al. Multiscale spa-

Bulletin of Soil and Water Conservation,

tiotemporal characteristics of landscape patterns, hot-
spots, and influencing factors for soil erosion [J]. Sci-
ence of The Total Environment, 2021,779:146474.

[7] Li Huichun, Guan Qingyu, Sun Yunfan, et al. Spatio-

[10]

[11]

(12]

[13]

[15]

temporal analysis of the quantitative attribution of soil
water erosion in the upper reaches of the Yellow River
basin based on the RUSLE-TLSD model [J]. Catena,
2022,212:106081.
SRR FWR BRI, A 30 4F B4R DB R BT 5T
J&[T] RV AFSE L 2023,48(1):65-72.
Guo Xingyue, Wang Tian, Cheng Shengdong, et al.
Progress of soil erosion models in recent 30 years [J].
Journal of Sediment Research, 2023,48(1):65-72.
Wischmeier and Dwight D Smith B W H. Predicting
Rainfall-erosion Losses from Cropland East of the Rocky
Mountains: Guide for Selection of Practices for Soil and
Water Conservation [M]. Washington, D.C. Agricultural
Research Service, U.S. Dept of Agriculture in Coopera-
tion with Purdue Agricultural Experiment Station, 1965.
Renard K G. Predicting Soil Erosion by Water: A Guide
to Conservation Planning with the Revised Universal Soil
Loss Equation (RUSLE) [M]. Washington D C: Dept.
of Agriculture, Agricultural Research Service, 1997.
X . R TR AR AL (M ] L 5 E R R
th A, 2001 252.
Liu Baoyuan. Soil Loss Prediction Model [ M ]. Beijing::
China Science and Technology Press, 2001.
WRELHL, A4 308, 45 2T GIS/CSLE By I 45
JK R U VA DX R AR A S [T ] K R
#2,2020,34(1):17-26.
Chen Ruiyin, Yan Dongchun, Wen Anbang, et al.
Research on soil erosion in key prevention and control
region of soil and water loss based on GIS/CSLE in
Sichuan Province [J]. Journal of Soil and Water Conser-
vation, 2020,34(1):17-26.
R P30, 4 SR, 0 500, 45 B T CSLE BB i 2R VLT
I S R g B PEAN [T K A R R B A (3
X),2021,19(6) :86-93.
Yang Qinke,
Assessment of soil erosion intensity in Pearl River basin
based on CSLE model [J]. Science of Soil and Water
Conservation, 2021,19(6):86-93.
BV, B I8, 4 L T CSLE &AL 1y pedb 4055 14
Ui S S AR TR VT A (D). K B R R A, 2018, 38(6)
95-102.
Ma Yaya, Wang Jie, Zhang Chao, et al. Evaluation of

Chen Yuxuan, Liu Baoyuan, et al.

soil erosion based on CSLE model in Zhifanggou water-
shed of northern Shaanxi Province [J]. Bulletin of Soil
and Water Conservation, 2018,38(6):95-102.
G 5 W A S R CSLE BT 1y R b i )1 i
B X R R P PR A [T ] AR lk TR 22 4, 2020, 36 (11D
49-56.

Gu Zhijia, Xie Yun, Li Ao, et al. Assessment of soil

erosion in rolling hilly region of northeast China using



232 oK A PR 3 41 55 45 %
Chinese Soil Loss Equation (CSLE) model [J]. Trans- logical conservation and restoration for an integrated eco-
actions of the Chinese Society of Agricultural Engineer- system of mountains-rivers-forests-farmlands-lakes-
ing, 2020,36(11):49-56. grasslands in Shaanxi Province [J]. Acta Ecologica

[16] Wang Huan, Gao Jiangbo, Hou Wenjuan. Quantitative Sinica, 2019,39(23):8975-8989.
attribution analysis of soil erosion in different geomor- [24] BBz, B4 AL 4, 55 L BEVE 5C i X ND VI i %3
phological types in karst areas: Based on the geodetec- A8 A R AE e IR Bl 03 43 Bt (7). v [ K 4 AR 4 2022
tor method [J]. Journal of Geographical Sciences, (7):39-44.
2019,29(2):271-286. Lyu Panyi, Huang Lingmei, Quan Quan, et al. Spatial

[17] ZEF W, R E 2w, 5%  JLF CSLE MMldb s L3R and temporal variation characteristics of NDVI in Guan-
T A ARARARAE [T ] K AR 274, 2022, 36(4) 1 43-52. zhong region of Shaanxi Province and its driving force
LiJialin, Chen Jiahui, Hua Li, et al. Spatial and tempo- analysis [J]. Soil and Water Conservation in China,
ral characteristics of soil erosion in Hubei Province 2022(7):39-44.
based on CSLE [J]. Journal of Soil and Water Conser- [25] RAMA,ZR9R, 3 4 BRVE 48 20 6 A2 3l A] A P I 25 i
vation, 2022,36(4):43-52. ARFFELT]. T B X B S P4, 2012,26(3) :36-41.

[18] He Qian, Dai Xiao’ ai, Chen Shiqi. Assessing the Song Dianxing, Li Qiang, Yan Junping. The spatial-
effects of vegetation and precipitation on soil erosion in temporal evolution of highway traffic accessibility in
the three-river headwaters region of the Qinghai-Tibet Shaanxi Province [J]. Journal of Arid Land Resources
Plateau, China [J]. Journal of Arid Land, 2020,12(5): and Environment, 2012,26(3):36-41.

865-886. (26]  BROKIE , BESCH, W2, A5 T 0 B L 3 19 0 v [ o v

[19] Tang Chongjun, Liu Yu, Li Zhongwu, et al. Effective- Zih Sy asia) sp A [J]. A E K 4845, 2013(10) : 45-51.
ness of vegetation cover pattern on regulating soil erosion Yin Shuiqing, Zhang Wenbo, Xie Yun, et al. Spatial
and runoff generation in red soil environment, southern distribution of rainfall erosivity in China based on high-
China [J]. Ecological Indicators, 2021,129:107956. density station network [J]. Soil and Water Conserva-

[20]  skJesr, STREMR, BAHRE, 4% . 20 DS b DX [F] A tion in China, 2013(10):45-51.

WA 5T Sl ARl AT S (D] K R AR AR [27] 55 Be s — 0 4 E R R A 915 AN Ip A % K AR
2023,37(2):187-198. Rt ol A LM ] bt A EDKM K L R, 2010,
Zhang Longqi, Jia Guodong, Lii Xiangrong, et al. State Council First National Water Conservancy Survey
Research of soil erosion thresholds on the lower slopes Leading Group Office. General Survey of Soil and Water
of different vegetation cover in typical areas of Loess Conservation [M]. Beijing: China Water & Power
Plateau [J]. Journal of Soil and Water Conservation, Press, 2010.

2023,37(2):187-198. [28] Foster G R, Wischmeier W H. Evaluating irregular

[21] ‘RARA B R XKAES RGNS MEZL IS slopes for soil loss prediction [J]. Transactions of the
S REMA XA EERIRE, 2022,41(D ASAE, 1974,17(2):305-309.

769-776. [29] &L, XFEIT, HRE, &5 WRIPEFR FIHHE TR
Zhu Xiangjun, Xue Liang. Changes of ecological service LI] A EDK 4847, 2015, 13(5) : 105-110.

value and its coupling with economic development in Fu Suhua, Liu Baoyuan, Zhou Guiyun, et al. Calcula-
Guanzhong region [J]. Chinese Journal of Ecology, tion tool of topographic factors [J]. Science of Soil and
2022,41(4):769-776. Water Conservation, 2015,13(5):105-110.

[22] S:fder: 2ty W52 . 30 ol ik = 4 e 5l B R 4 oG [30] Liu Baoyuan, Xie Yun, Li Zhiguang, et al. The assess-
ol X - H R A IR B A4 A (T ], B R 2 ment of soil loss by water erosion in China [J]. Interna-
Ji&,2020,39(8):1345-1355. tional Soil and Water Conservation Research, 2020, 8
Wu Jiansheng, Li Kaiyang, Zhao Yuhao. The use of (4):430-439.
land natural capital in the Guanzhong region based on a [31] KRR A3 w] . XK e 3t 2R 2l 2 M i 3 AR R 2
revised three-dimensional ecological footprint model GRAT[S/OL ] At 5t - AR FIFRAK A% H5 R, 2018,

[J]. Progress in Geography, 2020,39(8):1345-1355. Department of Soil and Water Conservation of Ministry

(23] RAH, s, XSk . L Kobk B) B AR 25 )l R R s W S of Water Resources. Technical Regulations for Dynamic

RIBE L LRG3 KB T . LABRPY A Gl [ )], A 540,
2019,39(23):8975-8989.
Song Wei, Han Ze, Liu Lin. Systematic diagnosis of

ecological problems and comprehensive zoning of eco-

Monitoring of Regional Soil and Water Loss (TriaD
[S/OL]. Beijing: Soil and Water Conservation Depart-
ment of the Ministry of Water Resources, 2018.

(F2%252W)



252

JK A A T A

o545 %

[29]

progress on the influence of straw returning to field on
soil carbon pool and greenhouse gas emission in farm-
land [J]. Jiangsu Agricultural Sciences, 2017, 45(6) :
14-20.

Zhang Z S, Guo L J, Liu T Q, et al. Effects of tillage
practices and straw returning methods on greenhouse gas
emissions and net ecosystem economic budget in rice-
wheat cropping systems in central China [J]. Atmo-
spheric Environment, 2015,122: -644.

ML ROKLL AP AR BUEY A S AR K RS
T A TR AR R HE i G AT S 0 [T ] PR R
2EHF9Y, 2023, 36(12) : 2369-2381.

Han Yanyun, Wu Yonghong, Li Dan, et al. Advance-
ments in research on microbe-mediated greenhouse gas
emissions at the rice paddy soil-water interface and agri-
cultural mitigation strategies [J]. Research of Environ-
mental Sciences, 2023,36(12):2369-2381.

BRI 2 A O 7 e HE S A KIS AR S B U
FELD ] BV A7  : PALARAMRLHK 2, 2023.

Duan Linbo. Water, fertilizer and gas coupling for green-
house tomatoes to improve quality and reduce emissions-
model research [D]. Yangling, Shaanxi: Northwest A
&. F University, 2023.

T B0 AR A, T A PR I A [ b R
BEOR A" Z0 RN Mk IR 52 e [T ], 3 skl I 27 4l
2023,45(6):19-32.

Yang Zhihui, Mu Changcheng, Wang Yahui, et al.
Effects of tending intensity on carbon source/sink of
Korean pine forests with different forest types by plant-
ing coniferous forest and reserving broadleaved forest
[J]. Journal of Beijing Forestry University, 2023, 45
(6):19-32.

[31]

[32]

[33]

[34]

FE R . 28 K 76 A 22 58 VR X CHL A B 52 [ D . 38
b BB ARk kA, 2017.

Ren Xiaojing. Effect of altering rice-flooded-fallow to
rice-wheat rotation on CH,, emission [D]. Wuhan,
Hubei: Huazhong Agricultural University, 2017.

EWRZ BRI A58 AR T A AN E AR R E
ERHER R LT ] R EEREE,2019,4005) :2413-2425.
Wang Xiaoyun, Cai Huanjie, Li Liang, et al. Effects of
water deficit on greenhouse gas emission in wheat field
in different periods [J]. Environmental Science, 2019,
40(5):2413-2425.

AW, B A BRI A R R K AL IR 52 e ok
L CO,, CH HEM R 52w [T]. /R 45 “F 4, 2023, 43
(11):4583-4593.

Wang Yimeng, Duan Leilet, Chen Cong, et al. Effects
of different hydrologic managements on soil CO, and
CH, emissions of the restored peatlands [J]. Acta Eco-
logica Sinica, 2023,43(11):4583-4593.

XS [ I Al 2 R DX - 3 CO,, CHL
HORAERFFE [ D], ¥ L B - Wi VLK 2%, 2014,

Liu Yili. Laboratory study on the carbon dioxide and
methane emission from wetland soil in subtropical mon-
soon climate zone [D]. Hangzhou, Zhejiang: Zhejiang
University, 2014.

Xg IR IE A, B R AR RS R A W e T S AR
CH, A NLO i Al 52 me [T]. Rl L2 27 4, 2023, 39
(14):232-242.

Liu Chang, Chi Daocai, Zhang Feng, et al. Effects of
rice straw biochar on CH, and N,O emissions in alternat-
ing wetting and drying rice fields [J]. Transactions of
the Chinese Society of Agricultural Engineering, 2023,
39(14):232-242.

[32]

[33]

(E#%2327)

Hh A N R K R AR g 2R A bR E - ST
190—2007[S ] Jt 5T - i [ /KR K At AL, 2008.
Ministry of Water Resources. Standards for classifica-
tion and gradation of soil erosion: SL 190—2007 [S].
Beijing: China Water & Power Press, 2008.

Mooney H A, Duraiappah A, Larigauderie A. Evolu-
tion of natural and social science interactions in global
change research programs [J]. Proceedings of the
National Academy of Sciences of the United States of
America, 2013,110 (Suppl 1):3665-3672.

2L, SO, TR AE AR, A5 20 i 4 8O AEAUR LAk
] 4y ) A2 A B i AS AR 5 2 (A% JR) [T, 3 3 2

[35]

#,2014,69(1):3-14.

Liu Jiyuan, Kuang Wenhui, Zhang Zengxiang, et al.
Spatiotemporal characteristics, patterns and causes of
land use changes in China since the late 1980s [J]. Acta
Geographica Sinica, 2014,69(1):3-14.

R AR VRN PRA 2, A5 bR P R A 7 X
AT E 30 248 L3R Il AR Y E d s i [ T]. 7K PR
2£4,2023,37(5): 168-177.

Chen Miao, Wang Xiaoqin, Lin Jinglan, et al. Quantita-
tive effects of land use and vegetation cover changes on
soil erosion in Changting County in recent 30 years [J].
Journal of Soil and Water Conservation, 2023, 37(5) :
168-177.



