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Influence of landscape pattern change on soil erosion in Han River Basin

GAO Yanli, LI Hongho "
College of Public Administration, Huazhong Agricultural University, Wuhan 430070, China

Abstract: Soil erosion is a serious environmental problem in the world, which is a complex process depending on a set of
factors, such as topography of the river basin, rainfall, soil characteristics, and landscape pattern. The relationship between
landscape pattern and ecological process is an important research project in landscape ecology. The impact of landscape
pattern changes on soil erosion remains a major issue in ecosystem service. Therefore, research on soil erosion in Han River
Basin is of great significance for ensuring the development of regional economic. The purpose of this study is to explore the
impact of landscape pattern changes on soil erosion through Chinese soil loss equation and stepwise regression method,
based on the land use data and environmental meteorological data from 2000 to 2015. The results show that; (1) from 2000
to 2015, the amount of soil erosion in Han River Basin presents downward trend. The high-value areas are distributed in the
middle areas of the watershed, which is grass land. And the low-value areas are located in the east and west of the
watershed, with the land type of forest and arable. In addition, slope is an important factor which affects the amount of soil
erosion. As the slope increases, soil erosion shows an inverted U-shaped trend of increasing first and then decreasing. The
amount of soil erosion is different for each grade under different slopes, and the maximum value appears in the slope range
of 10—30 °. (2) At landscape level, the degree of landscape fragmentation in Han River Basin increased during the study
period, the shape of patches became simpler, the connectivity of each patch enhanced, and the spatial distribution of
landscape types was distributed evenly. At the class level, the area of forest land and cultivated land were decreased, and
the other land types were increased. The forest land is the dominant land type in Han River Basin, and the patch shape of

forest land is relatively simple and stable. The landscape patch shapes of grassland and arable land are more complex than
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others, with landscape is more shattered. However, the overall landscape distribution in the region is even and stable. (3)
The soil erosion in Han River Basin was positively correlated with patch density and average contiguity index, and negatively
correlation with contagion index and Shannon’s evenness index. The results show that the higher landscape fragmentation
and the worse connectivity between patches, the easier erosion of soil. On the contrary, the higher landscape connectivity
between patches and the richer of landscape diversity, the more difficult erosion of soil. Furthermore, rainfall changes have
an important role in soil erosion, and rainfall erosivity is not only consistent with the soil erosion in spatial distribution, but
also consistent with temporal trend of that. In conclusion, this study indicates that the change of landscape pattern has a
significant impact on soil erosion, and the results can provide a reference for watershed-scale landscape management and

soil-water conservation.

Key Words: soil erosion; landscape pattern change; influencing factors; Han River Basin
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Fig.1 The location of Hanjiang River Basin
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Table 1 Vegetation covers and management factors of different land use types in Han River Basin

PRI ol 3 At i Bt p/ &2 AR
Vegetation cover index Forest land Grass land Arable land Water Construction land
0—20% 0.1 0.45
20%—40% 0.08 0.24
40%—60% 0.06 0.15 0.23 1.00 0.90
60%—80% 0.02 0.09
80%—100% 0.004 0.043
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Table 2 Tillage practice factor value under different slope
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Table 3 Classification of hydraulic erosion intensity
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Table 4 Proportion of soil erosion grade area of different land types
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Lond e type Vear Shg.ht ng.ht Medllum Intensive tensive sevge
erosion erosion erosion erosion ) erosion

erosion

Bt 2000 41.66 8.63 9.68 8.69 12.67 18.67
Arable land 2005 41.36 8.26 9.11 8.32 12.53 20.43
2010 45.32 22.45 9.46 11.75 5.88 5.13
2015 49.09 12.72 13.38 9.23 8.97 6.62
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LR TRE,

£S5 TRKEEETLEEMERLLL %

Table 5 Proportion of soil erosion area of different slope ranges

Y45 e 2 e o A e BB
Slope Slight Light Medium Intensive “xtremely Severe
range/ (°) erosion erosion erosion erosion intensive erosion

erosion
0—10 16.653 0.767 0.245 0.127 0.108 0.121
10—20 18.027 5.345 2.636 1.388 1.089 1.122
20—30 14.286 5315 3.830 2.878 2.745 2.769
30—40 6.886 2.660 1.866 1.557 1.592 1760
40—50 1.480 0.663 0.405 0.350 0.380 0.462
50—60 0.167 0.085 0.046 0.041 0.044 0.060
60—70 0.015 0.008 0.004 0.004 0.004 0.006
70—80 0.001 0.001 0.000 0.000 0.000 0.000
80—90 0.000 0.000 0.000 0.000 0.000 0.000
F6 MIREZENKFEEE
Table 6 Landscape-level metrics in Han River Basin

Ay Year NP AREA_MN SHAPE_MN FRAC_MN  CONTIG_MN SHDI SHEI

2000 73724 128.70 2.18 111 0.82 1.15 0.64

2005 73667 128.80 2.17 111 0.81 115 0.64

2010 79795 118.91 2.10 1.10 0.76 1.15 0.64

2015 83407 113.76 2.07 1.10 0.74 1.16 0.65

NP . BEH 5 Number of patches; AREA_MN ; SF-YBEH T B Mean patch area; SHAPE_MN ; SE3TERFEEL Mean shape index; FRAC_MN ;3443
4 FEFE L Mean fractal dimension ; CONTIG_MN ;34422 FEE 354 Mean contiguous index;; SHDI . F e ZFEEFE 4L Simpson’s diversity index; SHEI &
5] S %N Shannon’s evenness index

3.2.2  BAGKVAE Jmfa 8

FHUK E S0 SR A8 B2 7, 7E 2000—2015 4F (], A BEBR SR H AR (CA ) AT 0, K -y FH i £ i AR
TEVSD s FH b TR G 0 JHG v 6 b 1 i TR FR R 22 | AT bR 22 7K SR AR AR P b ) T R e /b s 50Ul
53 Lt (PLAND ) Fil e KBEHFE £ (LPL) ARRBEHALIAE AR PLAND 1 LPT K, B AR HZ DT ) A0
Pt LY R AR | 3SR BOEE B ) AR A 4 b S BER R R (CA ) 284k — 350 BE % 2 (PD ) 4R

SOULMERR AR B, LRGBS UL A At f b A 8 A 5, A L IS v 9 b 1 B e 288 18 0 K, 7 0.38-0.45 22

(], T W b P 1 R AR B AR 5 o8, X S T RE R 26 0 i, Bk ki 7k S5 N 2636 o, Z2901R 5 ik
FH Hb R 5 5 35 | LR A AR R R 38 o 376 30 1 AR 5 A, 25 MR A % % (ED) AR AR AR /IS, 156 B S0l 2% 57
JETPE /DN 7T e b R b P BRESR TR AR £ ( LST) B Sl i T At b 288 300 Y 3 7 7 b, 25 B R T R A At b 28 52 2
TR AR B g SO AR R A T AP ) BXE R R AF T 87 B EL R (R AR AR AR /DN s R A BEFR A (AD BR T R
FIFHHLM 90.605 ik /5] 87.167 , Hiar M IS ILA A & A AR Ak, 3 156 B X U AR 1 o o A #4940 e Tl , 5 1
W EMACEHE B85 25 R — 2
3.3 SO R AR AL AR ) R

FEERBUA BT 37 A BTy 42 VR O RS B A R 45 BT 1) S 00 A JR 48 BOVE o F AR B W
STATA BRAFXF DL AL 2000—2015 4F[A] FoOUA% Jaife BOR T3 4= h i 82 20 [ 4007, DL &M/ T 0.1
BT SOWAS Jm 48 B T i ik , 45 R ANk 8.
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DU - (2 Pl it S BE L B (PD) 2 IEAH G, RDVBREH 2 BB, (Rl o, BEHe B A e st
MERRALRREE 25 PD AR R, SoULM i AR B AR K, SOU etk e i, %o e i B VE A 55 , LR Sl 217
P, Y4 PD ARG, SR A AL R BRI, [R) 2S5 U 22 ] 1 376 0 P 1 o, AN R F s ) BAT AR K iR AR A 8K
RHIEAK 232K

R7T KEKFENRBEL

Table 7 Class-level metrics in Han River Basin

ifg‘?zﬁi? iYFez}i CA PLAND LPI PD ED LSI Al
B Grassland 2000 3064504 32.297 3.497 0.164 32.188 437.051 92.526
2005 3079338 32.453 3.535 0.164 32.107 434.920 92.580
2010 3168250 33.390 3.577 0.167 33.210 443.496 92.540
2015 3165987 33.366 3.580 0.173 33.208 443.609 92.536
HEHL Arable land 2000 2301190 24.252 3.584 0.388 32.938 515.654 89.819
2005 2269300 23.916 3.561 0.386 32.626 514.379 89.774
2010 2274059 23.966 3.553 0.438 32.813 516.747 89.737
2015 2261956 23.839 3.269 0.456 32.870 519.049 89.664
B 2000 53994.33 0.569 0.010 0.054 0.875 89.443 88.560
Construction land 2005 59711.04 0.629 0.015 0.054 0.929 90.235 89.025
2010 62148.69 0.655 0.016 0.054 0.975 92.919 88.925
2015 80561.07 0.849 0.020 0.056 1.242 103.885 89.109
Ml Forest land 2000 3978306 41.927 8.893 0.166 22.816 273.794 95.896
2005 3983582 41.983 8.892 0.167 22.825 273.741 95.900
2010 3886871 40.964 8.890 0.176 22.160 269.086 95.920
2015 3877180 40.861 8.233 0.187 22.224 270.176 95.898
JKIF, Waters 2000 89981.28 0.948 0.330 0.005 0.885 70.253 93.066
2005 96045.48 1.012 0.342 0.006 0.922 70.784 93.235
2010 96642.81 1.019 0.343 0.006 0.929 71.119 93.225
2015 101604.4 1.071 0.346 0.007 0.982 73.293 93.187
KA L Waste land 2000 654.30 0.007 0.002 0.000 0.009 8.895 90.605
2005 654.39 0.007 0.002 0.000 0.009 8.895 90.606
2010 658.62 0.007 0.002 0.000 0.009 8.936 90.563
2015 1342.44 0.014 0.002 0.001 0.025 16.498 87.167

CA . BEHZE M Class area; PLAND : 5 WL 43 He Percent of landscape ; LPI. e RBEH 55 Largest patch index; PD. B %5 3 Patch density;
ED: BIHRHIZ 5 Edge density; LSI: 5t ARFEEL Landscape shape index; Al: & FEFEEL Agglomeration index;

PO 3R i 5 & E P840 ( CONTAG) 22 i AH5¢, CONTAG J2& 48 5 W8 H A [F) B e 21 7 1) 48 SR A
FE i AE RS AR B P A S A A B R SO R W TR R R — R A A R s O B e
P A R AP | B SOW B R R, AR i B B | (R Dl B 3 T Rk S o
IR FE 2 R — S0 R A S5 ML e A R v, S5 A0 o A 3 114 AT 15 S5 L 1) A s i 32 )
S, IR,

- AR ol P I AR EEFE L ( CONTIG_MN ) 22 IEAHC 50001 25 408 422 i 5 B30I e [ 24 70 5 e i) 114 208
UEFRIE , 24 5 - 35 4R482 B 5 B N, 122 5o ORI TR B e () F0 A 408 10 S 348 o, 7 U0 22 ) 342 308 A 398 5 | Ut BH i IX
B B — S LN, B — S SRR R s, R e SR AR EE R N, R, Y R AR EE HR A
WD DX IR 2 FE RGN, 13582 T REAIR

TR F ARSI R (SHED) A . BRI S R EOZTRATT FLBANR] 50U sk [7]— 50U 5] i
WZ PR — D 2458 h5 . SHED BN BES LS 3wy , B0 XSl b A — A sl D B LR L 3 B e oy 32 5
A7, PR 7K - GRFFRE 1855 5 24 SHEL #5500 A8 38 I, 15 BH S 0 rp 8 A B S 10 fE 3R 2y | 4% 2
SO AR A5], SOW R BERG N, e Vb 3 B BEIE T, e 8 1k Rk
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£8 FWKTEHESTESMMEIIFERSY

Table 8 Coefficients in regression model between landscape-level metrics and soil erosion

SRS SRy A P ifE 2 A BEMERL S R AR i K WENRK
Landscape pattern Standard Significant Landscape pattern Standard Significant
variable coefficient coefficient variable coefficient coefficient
PD 0.243 0.079 CONTIG_MN 0.407 0.001
CONTAG -1.572 0.005 SHEI —1.455 0.008

CONTAG ; & JE FEF5 5L Contagion index

4 itig

i 1t v L P S O AR AN A M R R SE T R AR SR AR Ak SRR I A R R, 9T kBRI AR ik
JEL RIS R AN AR R L FEE B9 455 . M 2000 4EF) 2015 4F , BT I S0bK b R b 10 AR /L | Ay Y
25 FH b TR AS AR B B4 00 /0 R bR, 32 B2 5 A kg b, R S A o Bt TR b 2 Ry e i
BOHIHE . B e AT AR K, SO 2% B2 (ED) fmr , e AL AR B Ay, R (= i de iR B0, R b A A
BT A AL, FLRFH S I (PD) FIBEHUR R 850 ( LSD) 34985 T Hofh b2k |, S mk e Ak A e d v (B i T4k
Z ARG, K R ko /NT RO A B R, e AT R D BRI IR AR fR BN
SO A AR, LR I RN

BRED R FHAS TR R A0 | R R L R R R (RN R 2 — 0 R R il R T
R R B R IR AT (2)—(4) o FERTR B FE (E 4) B ,2000—2015 453 R R 1l
TIRFREREH 2000 AFRE R ARk R 10 0 (X 43 A 7R T e SR AR 0 B SR PH B R ELRBE AR B IR
XA F s Pu R A g BH B S B D R ma s i g L RN X AR B, 5 R I (R 2) s E X R A
Ko 2005 AFRE R R 7 e (8 DX ER AR 1) PR GRS e B DX ATS 9K 43 A 76 B 0 LR 58 B L BRI . 2010 4R FE R 200 )
SR gD e (X e B L L SRR P ke EL BT . 2015 AF S X6 B 3 i 3 R A A 1 B PR L B3 A bt
ERI BRI E 5 R i i A o A AR — B, TR R L SR P R BRI LA T B VR
PR IK R B 43 /KIS | T8 T 75 e 2 XU X, R i Aty , Kk f iy, BRI I — BB TR AR Dl i (X, )2 - 3
Rl A S E X, FERR D B2 250 5 R D A i 25 AR AL B A, 1150 A R T 2 52 M)+ 4R ok ) 722

BRAD AR 2R BOR R R W2 S8R - R v TR 2 5 A, e /K A6 R T S i A, T
VLI A S IREEZ 25 K LR 2, EF s s ) i, BURFIT & T — RSB G 15, /K PR
H AR B RIR S35 5 R (AR | 5 A A S R G K A2, AR P B o, b Ab , R R AR
2009 4F5E B T H K SRR S BTG TR 10 B AR N A TR B, DOV 0N E A FE X
W, ZJa, A PRI R X T PR B X R b K TS e B A K AR Y IR T Wl R
19.76 AZTTXF ISR T AE AR TR BE 308 TORE A B IR St ek 28 1 b bR S50, eloste 1 DUVE TS 1 A AR A
B2 WG T DU N - 3 R

5 Zhig

BEXDCIT I L it T e SooUls R A8 A 1) 3R s i, 25 .

(1)2000—2015 AT 3038 A HEA iR B B I T B, 3 AR DU B R vp AR A 32 AR e R i g AR ol
JRZ, 2 VG A A A 55 A2 o o L XS S 3 g 0 194 DX AR DX S, PRV T T PG e B s T XA
i DX AFEIK AR R AP AR B X £5 M2 R IR il fORE (R b o 4l R A BRSR B AR DR R B AR 2k
R R8O 5 e 8 5 ) - S Db R 1% FR DR 2, B 3B R, AR el 2 R SR s 1 B U
A 25 ZON R IR B ) e (B BAE 10—30° BB BEYE N, S35 B R T 60° BT, AR & A4 1R,

(2) BT 57 00 S 78 2000—2015 47 % A4 T B 2048 . 76 o K b, SEBR B 388, 1 34 B B i
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Fig.4 Rainfall erosivity factor

FUR B, SoOURBE R AR AR 8, BE SRR (7 20, S5O0 2R M T ReE , B A0 A1 28950 s TE R ARUKOF- I, bt Fngf
H A TRRAE D A M R R i, AR A DT A 3 2 | BEFRIE AR ARG 7 50 FLARFRAR /N, 5 b R
iS5 BEHI IR H A 2 52 2 | S U AR B K X AR ) S W A 38 50 B TR

(3) DULI IR el i 5 BE 25 B (PD ) AP 244042 B2 48 %0 ( CONTIG _MN ) 52 1E ARG, RIVEE B 4% B ik
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