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Fig. 1 Diagram of the study area
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24 TEKNEMMRNEEZS T

241 AAER A& Rt Ak T30 X3, B RN 2 A
SR, R R i EE AR E WM .
2000—2018 4F- K L b 3 v B LU XA [] 3 T 4
AR BT HT (K 4) , S4B A 400~450 mm
mF, R MR R R BB R, N
(5159.3042119.70) t - km ™+ a™*; H: ¥k K 250~300 mm
I, 9982 P BB (3845.1941378.17)t-km™>-a;
2[4 R 1 7E 200~250 mm I, S04 0l B R /) HL
Wesh/IN, M (2193.76+740.47)t-km2+a™',

&4 2000—2018 F R F R ILX A EFERE/ T
RRMRE
Tab. 4 Soil erosion modulus of different rainfalls in the
middle of the northern slope of Tianshan Mountains from
2000 to 2018

Wemihtmm RV PGk at)  BRMERE
<200 1658.59 2416.40 882.16
200~250 13440.73 2193.76 740.47
250~300 5938.33 3845.19 1378.17
300~350 3537.69 2712.73 984.20
350~400 1481.54 2707.38 1037.19
400~450 1390.05 5159.30 2119.70
> 450 562.61 3247.77 1435.89

242 WHREE W RHMIP SN CHREKZ
— e - R B R . 1t 2000—2018
AR R Ll b 3 rh B 1L DA [R) 395 3 25 9 4 14 Dl BB 4K
AIFI(ERS), MY E < 508, 3R R /N HLJ%
BN, K (491.33£169.21 ) t-km™2-a™; 24 > 35°
B, FEEM AR R R H SRR, N
(5881.1542030.53 ) t - km™+a™, I JBF X 4 142 (A
O 1E [0 520, Bl 5 3% B 38 K, R TR A

#*5 2000—2018 F R AL o B LI X AR5 A 3%
RIS
Tab. 5 Soil erosion modulus of different slopes in the
middle of the northern slope of Tianshan Mountains from
2000 to 2018

2 . it Bl
Z/(° H/km’ Rt
) it e SO B
<5 6211.81 491.33 169.21 3.05 3.87

5~15 8143.32 1691.67 561.92 13.78 17.45

15~25  5262.29 3211.45 1078.22 16.90 21.41
25~35  4512.37 4963.40 1703.94 22.40 28.37
>35 3879.75 5881.15 2030.53 22.82 28.90

Ko MOARIRIIE B R B S BORE B > 15°
() 1 B RS BOR 62.12x10° t-a™', (B IR
Tt EE FE 1 78.68% 0 T WL A 38R ik 2 L% AR AR B
KT 150 X3, 5 B T 3R K, Ml ol A
B, TR R A  , 1E N R R AR
243 1R E  H2000—2018 4F Kl b3k Bt
L XA ] - 2 A g R IR T 0 (R 6) , AN
[vi] - HE AT AR R RE A A TR, 2
Hit > KEER L > BBt > 4 > Rt > B
it > K+ > B+ > IR+ AR 48
A LR MRS EORE |, R4S +
B A A L, IR R RO 42.02¢10° t-a ™,
d B R A 71.65%, ] DL 4 HEAR
KA RS kRS R | TEAS Y X,
FEIE R TARES BRI 1200 ~ 1600 m
(14 A0 L AT v B R R A AR S i DXk, Ak A e A
%, FHET R kR R, B R K B A
T4 3000 m LA b, H A BEAR sl i K

#*6 2000—2018 F R LI R IIXAE LIRIERE
TIRF MR
Tab. 6 Soil erosion modulus of different soil types in the
middle of the northern slope of Tianshan Mountains from
2000 to 2018

+3% T FHIE (7R3 a0 B

ESyi] fkm®  kmTea)  WZE S /(10°t-a)  Bil%
WEiL 354726 4118.67 145332 14.61 2491
KEEFE L 1286.54  2903.56  1247.67 3.74 6.37
FEfSt 652677 2399.07 841.61  15.66 26.70
TAL L 620456 1893.80 657.52 1175 20.04
A4 101011 1840.50 776.76 1.86 3.17
BEi L 3639.99 1635.77 632.97 5.95 10.15
Kt 151567 1246.43 417.07 1.89 3.22
WAL L 196149 759.18 291.66 1.49 2.54
Kt 2317.17 733.31 270.80 1.70 2.90

244 #MABFE  H2000—2018 4K L b B A BE
Ly DA [ Ak 7 5 R 4 9 = 394 B B80mT A (3R
7)), WA R R R T, AR DR BRI
R 1 T < 15% W, - AR DU R i K ELUE 5
K, (4362.28+1680.50)t-km™?-a, 5 i Kk 1 1
1R Y BT 55 B > 75% I, 4 AR e B R AR /)
HPEsh#H /N, 7 (561.44+290.90) t - km™>-a™", B 4%
o AT 7 5 B A X - SRR T AR b B 1k B
Btz il MOANTRIAR B 38 55 B 1 R I BT E S B0k
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&7 2000—2018 FER AL AR ILRXR A EEEEEE
B IR R IHAR L
Tab. 7 Soil erosion modulus of different vegetation
coverage in the middle of the northern slope of Tianshan
Mountains from 2000 to 2018

figE  mR F-HME bR Hit B
1% /km®  J(tkm”eal)  WZE S /(10°taT) Bil%
<15 1414750 436228  1680.50 6172  77.65
15~30 379406  2071.44 710.12 7.86 9.89
30~45 247479 1596.20 567.95 3.95 4.97
45~60 341261 930.85 376.54 3.18 4.00
60~75 274478 71653 300.64 1.97 247
>175 143580  561.44 290.90 0.81 1.01

F UMW 5 R < 15% I, - B2 ph AR Bk
61.72x10° t-a™", 5 S AR I L FE /Y 77.65% . AT UL
IR 3B R A AR T B < 15% MY X, 32
TR TR SR < 15% 1 i AR,
14147.50 km®, H + 52 BEE R .
25 TERMEMEZEENT

FH 2000—2018 4= K 11 b3 v B 1l X 4 3842 1ok
SR DR 2R RN 235 SR o] A (3 8) , AN TR) 2 i PR 1 X £
AR iR B A R 0 AT I I 25 S g B R R B/ IMK
YR < BT (0.49) > HIESRI(0.17) > A (0.11) >
R 7 5 (0.10) o JHe B3 9 0T 1 S 42 o i 2 1) fe
BT ik, 25 ) 3R il 23 [H) A% )=y 40 A1 1Y) F 2 TR
K HWROy e A e A i S Rk
UM . 22 HAE AR 2R 45 S B, AN [R] 52 i [A]
338 o 28 HA T A AR A ] 3 A1 04 5 0 2 K
TR K, Hrpy BN+ 3581 (0.28) ALk
T 5 FLA PR - R 22 (8] 28 R WAL F- 34588 . BT
AL 7 Z B0 22 BEAE BB R FRRFEFZ
(A HAE o AR ASHRIN A8 45 3R B, 31k 2 A -
AU A HE 5 1k 2 8] 43 A 1) 52 ) A7 18 22 5 (P

#&8 2000—2018 R UL F B LU X 37k DR =
DIESESASIESES
Tab. 8 Detection results of influencing factors of soil
hydraulic erosion in the middle of the northern slope of
Tianshan Mountains from 2000 to 2018

435} WepE HHERA MR
0] 0.49 - - -
i3} 3 0.54 0.11 - -
TR 0.58 0.28 0.17 -
Bl i B 0.55 0.18 0.26 0.10

<0.05) 38 5 KURS 0 2% I 25 G H SC Y 52 P 2R
A3 BT S v U DX, 45 SR 3R WY 4 I 2 R O B A
T ECE A SEAS AR S RSN T 15% R R
T 15 FIE T HEAE 400 ~ 450 mm 22 8] (19 3y [X K 75 K
S A= T DX

3 i1 g

FR A 2013 4F 55 — UK 4= [ 7K R 5 A oK R RE
02N FR B o K b S TH R R 8.76x10° km”,
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h 74.06% 1 21.40% ; 1 58 Z0 Ko B | J B4R fok T
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Wby rh B X R R PR R B R B R
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DX AR ol iR B W e TR BT KO . AR AR E R R
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TR ESC Y 5 AL B3 B 25 8] 43 A7 AR 0 X T TR A 50 0
IR MIT A E L, ASHEIE T8 5 S8 H B R RS
W T BT AN W LIRE A M KT E R AR
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W o B TH e, BRI RO, ORI R
U1 b RAE A BE A% By 1F T ARk, % R A
T SEN U NN A ATTE S e o SO e oB = 2N
oL, B IEAR T AR

4 4 it

AR 5T T CSLE MY | 17 FHRE i A i B0 A5
BRG5EG T, IF 456 M3 ERM 8% 77 7%, 2 i1t
43 M T 2000—2018 4F K b3 i Be il X 387K
(R 23 4 Ry REAE , B BT 5 W b | = 38 A e P
FXF HHOK IR R, EEAR LIRSS

(1) WFHE A |, 2000—2018 4E K 1L b3k Bx
L DX A K T 4= ok st B S B DA GO B AR kA
F L4 A0 T R A 32.34%~40.87% . 33.36%~
43.01%;; {H3E 20 a R IEE 4% BEAR Dl T AR A2 1 B
#(=26.70 km*-a™ . =77.47 km®>-a™) , T FoAh 4= fod 5
JE TR AR B T (22.10~30.96 km?-a™) , T3
PhoH ™, 25 850 L, 2000—2018 AEF 5T IX £
AP LR MR KRR BB RS, N
(3595.54+41383.32) t-km2-a™'; Hok ol B 75 1 AR
oo, 4 9k (3321.5541182.19) t + km™ - a™'.
(3256.73+1170.54)t - km>-a™'; T V085 B A7 3] F 1l
B, 4 9k (1752.934767.79) t - km™ - a™',
(1651.66+648.60)t-km2-a™",

(2) A [R] 52 M PR 28 5% 4 398 42 o 114 g 7 4% AS AR
[ R AN O i w953 A B N e 1
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A3 R, TSR PR RO R s AN ) - S AU XS -
(R AP RE BN, SR 4 > IREREE A+ > R
B+ > FAE A+ > 45+ > A+ > IR+ > A
T+ > KA 5 B R A B 5 B R A R T R
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Study on temporal and spatial variation characteristics and influencing
factors of hydraulic erosion in the middle of the northern slope of
Tianshan Mountains based on CSLE model

CHANG Mengdi*?, WANG Xinjun*, LI Na**, YAN Linan**, MA Ke'’, LI Juyan®
(1. College of Grassland and Environment Sciences, Xinjiang Agricultural University, Urumqgi 830052, Xinjiang, Chi-
na; 2. Xinjiang Key Laboratory of Soil and Plant Ecological Processes, Urumqi 830052, Xinjiang, China;
3. General Station Soil and Water Conservation and Ecological Environment Monitoring of Xinjiang, Urumqi

830000, Xinjiang, China)

Abstract: It is of great significance to ecological early warning and soil erosion prevention on mastering the
spatial law and driving force of soil water erosion differentiation on the northern slope of Tianshan Mountains,
which could provide theoretical basis and data support for comprehensive management of regional ecological
environment on the northern slope of Tianshan Mountains. Taking the mountainous area in the middle of the
northern slope of Tianshan Mountains as an example, the temporal and spatial pattern characteristics (area,
intensity and geographical distribution) of soil hydraulic erosion in the study area from 2000 to 2018 were
quantitatively analyzed by means of field investigation, geographic information system, mathematical statistics
and geographic detectors, and the internal driving forces of rainfall, topography, soil and vegetation on soil
hydraulic erosion intensity were explored by means of geographic detectors based on the Chinese soil loss
equation (CSLE). The results showed that: (1) From 2000 to 2018, the intensity of soil hydraulic erosion in the
middle of the northern slope of Tianshan Mountains was mainly slight erosion and mild erosion, accounting for
32.34%-40.87% and 33.36%-43.01% of the total area respectively. In recent 20 years, the area of slight and light
erosion had a downward trend (-26.70, —=77.47 km?-a™), while the area of other erosion intensities had an upward
trend (22.10-30.96 km?-a™), and the overall soil hydraulic erosion intensity was in an increasing trend. (2) The
overall soil erosion modulus was Urumgi > Changji City > Fukang City > Hutubi County > Manas County >
Shawan County > Shihezi City. The spatial distribution of erosion intensity in the middle of the northern slope of
the Tianshan Mountains was closely related to rainfall, topography, soil, and vegetation. The soil types were
brown calcareous soil, grass felt soil, and chestnut soil. The area with vegetation coverage less than 15%, slope
greater than 15° and rainfall in the range of 400-450 mm was a high-risk erosion area. (3) The magnitude of the
differentiation was measured by the g value in the factor detector. The greater the g value, the stronger the
explanatory power of the influencing factor to the spatial distribution of soil erosion, the rainfall (0.49) > soil type
(0.17) > slope (0.11) > vegetation coverage (0.10). Different influencing factors obviously enhanced the spatial
heterogeneity of soil erosion through interaction, and the coupling effect of vegetation coverage and rainfall
factors made the q value increase greatly. It is of great significance to determine the key control areas of soil
erosion for comprehensive soil erosion prevention and control.

Keywords: northern slope of Tianshan Mountains; hydraulic erosion; CSLE model; temporal and spatial pat-
tern; geographic detector; influencing factors



