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Abstract ; Soil erosion in Hekou-Longmen section of the middle reaches of Yellow river in the loess hilly and gully region of
the Loess Plateau in China is serious. In this study, the watersheds from Hekou to Longmen ( Helong section) in awhere 42
hydrological stations located were selceted to investigate the relationship between landscape pattern and soil and water loss
by using Geographic Information System ( GIS) and Revised Universal Soil Loss Equation ( RUSLE). Specially, the
landscape pattern index analysis, canonical correspondence analysis and path analysis were used to analyze the effects of
landscape pattern on soil and water loss in different scales. The results showed that the spatial variation and relative
differences of landscape pattern versus soil erosion/sediment delivery processes in the watersheds changed significantly with
scales. At patch-class level, the cohesion ( CONHESION3) and the coefficient of variation of fractal dimension index
(FRAC_CV3) of grassland, the chumpy of cropland ( CLUMPY1 ), the chumpy of residential construction land
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(CLUMPY5) and the edge density of residential land ( ED5) were the main landscape pattern indices t controlling the
variation of soil and water loss processes. Furthermore, the cohesion of grassland was closely related to soil and water loss
processes. At landscape level, the cohesion (COHESION) , mean patch area (AREA_MN) , aggregation index ( Al) and
patch richness of landscape (PR) were the main pattern indices effectively affecting the variation of soil and water loss
processes of a watershed. Landscpe metrics on patch-class level had more indicative ability than that on landscape-level.
With comprehensive analysis of the impacts of land use patterns on the soil and water loss processes at the class-level and
landscape-level , we found that land-use patterns show signifcant “landscape nesting” characteristics, in influencing the soil

¢

and water loss. At the “nested landscape” level, the cohesion of grassland (the path coefficient is —0. 867 ) and the
chumpy of cropland ( the path coefficient is —0. 367 ) were the main landscape pattern factors dominating watershed
sediment yield, and the coefficient of variation of fractal dimension index (FRAC_CV3) (the path coefficient —0. 49 ) could
contribute positively to suppression of sediment delivery. Resluts of this study indicated that the landscape pattern has
significantly influences on watershed soil erosion and sediment delivery, however, the statistical relationship between
landscape indices and response variables of soil and water loss varies with landscape scale. Landscape is a mixture of
natural and human-managed patches of different sizes and shapes, and the multiple-level mosaic structure of landscape is
one of the important factors affecting the relationship between landscape pattern and ecological process. Selecting suitable

spatial and temporal scales and analytical perspectives may improve our understanding of the interactions between pattern

and process in the landscape.

Key Words: loess hilly and gully region; land use pattern; soil erosion; sediment delivery; landscape metrics
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Table 1 The landscape indices used in analysis at class level

SR 45 LR 45
Landscape index Abbreviation Landscape index Abbreviation
. é Pnzs [H
LAHE D LCS CLUMPY
Edge density Clumpiness index
R TVAIBES S 4
Ve T AYE R . S8 BEH KL o FRAC_MN
Percentage of landscape Mean patch fractal dimension
Ty o T H A S RS 5 R
PR AREA_MN ARG EC 5 22 N FRAC_CV
Mean patch area Coefficient of variation of fractal dimension
BEPESE
COHESION
Patch cohesion index
®2 FEWKFELHIVEH
Table 2 The landscape indices used in analysis at landscape level
SR £ VLR B £
Landscape index Abbreviation Landscape index Abbreviation
AT EJo 5 i [PIRTRT
B B ‘ oD TR fifaéﬁl_ . SHDI
Patch density Shannon’s diversity index
B 5 A ST B i 435
ﬁfﬁ&%%fg Al RIEEIL COHESION
Aggregation index Patch cohesion index
o R S R 4 2 %
BEH A NP T BEH > AR o FRAC_MN
Number of patches Mean patch fractal dimension
L i e o b -
RRBEYH - PSR CONNECT
Largest patch index Connectance index
I AR $E Al pr e
SR £ . ISI 2l Bc.f;"fu ﬁ CONTIG
Landscape shape index Contiguity index
ST o R A4 BF HE R AR L 2
BE }\E'E.EEIJ_X._ PR Yﬁ?ﬁ"'fg?afﬁlguvéiﬁl - CONTIG_CV
Patch richness Coefficient of variation of contiguity index
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P-4 BREH 1 AREA_MN

Mean patch area
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Fig.3 CCA ordination of land-use pattern characteristic indexes
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Fig.4 CCA ordination of “processes” characteristic indexes and

land-use pattern characteristic indexes
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Table 3 Eigenvalues, cumulative variances of “processes” characteristic and “processes” -pattern relationship at landscape level

FFY-l Axes AX1 AX2 AX3 AX4
FHHE{E Eigenvalues 0.008 0 0.015 0.001
b‘ /J‘ S “ " Elw 44
AT R 1‘%")51' 5 AR R AR DG 0.603 0.467 0 0
Pattern-“process” correlations
2 4] 199 ks 4 = R EL
BT R FRE 2R fﬁ@*%m“/% } 4.3 35.5 96.7 100.0
Cumulative percentage variance of “process
ch i “« ‘ ;:. ” = &2 H =N
i B AT A S - KR BBURRL % 066 100.0 B B

Cumulative percentage variance of pattern-* pr()u-:ss

" relation

AEJT s BURHED ] D < P B S AR5 S AR H AR S P B BEBR T B 5 0
AR A - BES T HER (P = 0. 006 ) Al LA 45 1

o B

B AR RS

EZITEN(F4),

F4 FVKFLETFEITERSEEFITRE

GRS S B
A5G (P=0.022) B fE B RE A —

DEBBENEHREE

Table 4 Marginal and conditional effects obtained from the summary of forward selection at landscape level

6 Jry s e LS Bt Marginal Effects Z A B A Conditional Effects » v
Variable 'S Var. N fFFJE LambdaA %i's Var. N fFFJE LambdaA

FRAC_MN 8 0 8 0. 004 0. 006 6.87
CONTIG_CV 11 0.01 11 0.003 0.022 5.79
AREA_MN 6 0 6 0.001 0.248 1.45
CONTAG 13 0 13 0.001 0.13 2.34
PR 18 0 18 0. 001 0.234 1.46
NP 1 0 1 0 0.81 0.11
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¥ 4 6 WFEFRFN EM SM SDR 3 i A8 s HE Iy B3GR (181 4) AT LIE Y 70 500 o 4808 S 8 e
SoOULBE R S i A= B BRI R, (RIS iy, B VDR BCRAIG, Ve VDS 8 LA, 336 10 BH 570U o3 A 00T +
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JEAS ST BSOS SR R - YA 1 i LA B K UE VRS L, 3 LR AR AN TS e v 5 T
EHTIAEK RN AR IT
3.2 ARIEREE E SRS R ek 1 i 2 2 7 i 52
3.2.1  BEHEAKT

TEHBESRASTIACY: |25 5B 5 5 R SV BECR e Y R LetF A T8 A0 Bl | 45 58 3R W B
N BE BB 2 BRE B 53 24 B50ORN 3% 25 B 8 B0 IR BB LG W2 BLE T R EM = 164672 -
109453 CLUMPY1-187388 FRAC_MN2+1453 COHESION2 (R*>=0.727, P=0.00) ; % Hb [ A7 [ 43 ZF 4 45 )i
AR FH A B Rt 3 YR LA S LA S5 SM = 3334324285 PLAND3-3049 COHESION3 -
41977 CLUMPYS5 (R*=0.589, P=0.00) ;Mih 5 0% 25 B | B b P 4 B i AR 4 55048 S 2 52 FH b
LR SRR VD RS LU FEHERR , HISE R SDR = 53.2-0. 506 COHESION2+0. 00170 AREA_MN3-0. 619
FRAC_CV3+1.39 ED5 (R*=0.679, P=0), [AIAFE AT LA B AR | A b F e B A 15 P b 2 e R i 3Kk
F I R AR Y SR

TR S 22 3 T A 00 S J 7% BE B 2 70 /KO- |- 45 S R 0
PR R VDR JR YD RS LL IR AR G R EDs O Square= 13.048
(E6), BB BA B A 1S (= 13. 167, o \oot s
RMSEA =0<0.005,GFI1=0.915>0.9) ,f## % T 70% A& | coHesions
TR LR (61% B TS EUIE f0 AT 399% 1) i 1 A 0 039
BB L, Hork BRI R BB B, [ comeys | 048 M
TR RIS 5 i R FUSOT B AR R BRI B A - OB o8 0.570.N5 070
FEAFHIN LB i SR T B SRR 088 A T | SR
B B A FEE 0 1 P S W) K S R 5 T 0 '
BERA M2 | R T 2 P e ool O 008
WS VR, S BE s e MU R B s | T

RIS HIEAR I (A G BB g spypoemrr s aaRT SRp0ERHERFE
F B R A BAE R TR I I 1 D 2 mmmz e (n-42)
B VU SRR VR B 2 1N 0. 516 N EAf, i5iB] 45 Fig. 6 Path analysis on the relationship between “ processes”
1,%%{& Xiﬁ@ﬁﬂi%‘rﬁ ; %S@Lﬁ]‘:ﬁ% *%)%'Xd—{}zﬁ i,ji /)E'(//[\i_lgﬁiﬁz characteristics and land-use pattern characteristics at class level (n
Ho A P J A 2 AR TR BT 2 B s M B By )
R R A Y D 5 %% P %o T e VD i S b e A SR
PR TE AR, T b B e o 2 A S R R ER O ] A A B R VD B RS R B SR, MAE T RN R
F LR LIHE KBNS RO T 255 BFHIAE B R BES - AE80E 5 s R B A AR
JE R R ARG E R (£5) .
3.2.2 SWKF

SO I SO 505 TBUK R A ARt A T8 40 1A 43 B, L2 S 3 I S50 W 445 B R BB R 4R
FEFE R i R ot A LA R EM = —1016140+11782 COHESION-1626 Al (R*=0.51, P=
0.001) ;W A P-4 BB [0 FRURITRS (AR SR Bl 22 (1] 7 325 235 32 2% 5 i Sl i v/ o A ) 4 =y R L5 7 Rl SML =
-1063437-18.6 AREA_MN+10731 COHESION (R>=0.25, P=0.001) ; T Je Y4 #2 b Wl 5 5 0 5 A %,
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A TN SDR=-2.86+0.687PR (R*>=0.13, P=0.001)

£S5 BREBKFEESHENETEAIBRIR

Table 5 Effects of land-use pattern indexes on “processes” at class level

Eiztan YEH SIRBUE SR AR NG LR AR R LR
Indexes Effects FRAC_CV3*  CLUMPY5* ED5 * COHESION3 ~ CLUMPY1 * EM SM

CLUMPY1 JEE:A -0.611 0 0 0 0 0 0
[ 4 0 0 0 0 0 0 0
&it -0.611 0 0 0 0 0 0

EM HEE 0.029 0 0 0 -0.879 0 -0.182
)4 0.484 0.022 -0.002 -0.079 0.083 -0.094 0.017
a1t 0.513 0.022 -0.002 -0.079 -0.797 -0.094 -0.165

SM % 0 -0.134 0.010 0.477 0 0.570 0
ETEE 0.292 0.013 -0.001 -0.045 -0.454 -0.054 -0.094
&it 0.292 -0.121 0.009 0.432 -0.454 0.516 -0.094

SDR Hi% 0 0 0 0 0 -0.737 0.854
[ 4 -0.129 -0.120 0.009 0.427 0.200 0.510 0.041
a1t -0.129 -0.120 0.009 0.427 0.200 -0.227 0.895

* o 1B ;3 ;5 R A B

®6 FIKFEEDHEVURIRER S RRILA

Table 6 Effects of land-use pattern indexes on “processes” at landscape level

Eiztan fER RERE LN SERBEHL R LR 1R SO R
Indexs Effects Al COHESION AREA_MN SM EM PR
SM % 0 0.221 -0.482 0 0.141 0
] 4% -0.086 0.043 -0.004 0.009 0.001 0
&it -0.086 0.264 -0.486 0.009 0.142 0
EM HEE -0. 606 0.289 0 0.062 0 0
)4 -0.005 0.016 -0.030 0.001 0.009 0
it -0.611 0.305 -0.030 0.063 0.009 0
SDR HiE 0 0 0 0.943 -0.851 0.061
)4 0.439 -0.011 -0.433 -0.045 0. 126 0
it 0.439 -0.011 -0.433 0.898 -0.724 0.061
FIFHIE AR5 BT B 2 UK P 1 4% 50046 ] o 0
B R RIS (F ), Bt | amean| 2T
A A3 B ()7 = 10. 167, RMSEA = 0. 056, GFI = 0 Ao.oelo.uq T200% 066
0.929) , ATLAf#RE 66% RV RS LLAE(L S0% iYL b | COMESONL =1 1@ SOR
RIS AL 39% 1 i S v BB AL . AR 43 i 0

-0.61

F W] | BLELS X IR R SR Vb A o A B A
B TEAE T, B S0OULI% 25 B2 48 $CRE g 1 > S (8, )+

3 AR b SRR UL i D BB 25 43 g 0. 22 0. 29

ASBANAE, TSSO ZS BEXTR R D LLIE AU B7 8k T L 8RR 5" SR S ERIE M B R 547

40.22%0.94+0.29x( -0.85)= -0. 011, Bl st MIELEE  (n=42)

E/‘Ji%ﬁj]ﬂ E%gg /i\ﬁi/)ﬁ ﬁﬁﬂ%@%*z ttlﬂ%%ﬁ—l: [‘(% :\LS‘(_ %n\% %ﬁ Fig.7 Path analysis on the relationship between “processes”
ok ST |- i% I 353 | s o 925 g 5 g characteristics and land —use pattern characteristics at landscape

MK I [_J ) e WAL 22 A fﬁiﬂ‘fﬂ?ﬁjﬁ](m WK K level(n—42)

SO A B ARG I8 Sl i 0 RN - B AR b B2 3] 1 00

Chi Square = 10.167

PR df=9 P=0337
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YER P-4 e RS I oxsd By 36 7K 3 2k B BRI A T 5 3R ke i 45 B 6 {2 1 LA Bl 35 9 4250 ) (Gl A2 R
BN 0.61,P=0.001) , 1M [H4ZA4EH TR VAL L RE ( R AN -0. 086) , e 2% It ke VD B8 Hb e I M IE &%
FHGEAZRZRECN 0.439) , R AE BEL % 45 B2 03 0 2 BRI ) (=2 ik R B | BT It i 0 A 42 i AN i B o0
F= B XA VD RS e R TE A R, R R I SR Vb R BARVE A (A R AR o s VA A
58, FSOWIKT-25 4% SR Fa b i e Yo A% L VR F AR BI/INHESIAR UK Sy - o SR AR B PSR R 5o =F
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3.2.3 “@ESIAKFE 050

L b AR e B SRS AR | ARea
ST ROBEAS ARV 5, (B MGE AR 43 BT T 01, e 50l oznf ossf o\ N0 050
SRR A 37 2 1 I A5 i M /MR 2 Al ofy B 057
FHZEARTC, ARS8 v R 250 SO A i 5 R AR 038 o \ 0.7
O 2RSS (7 T o 2 LIS BB g, DU /NRE | FRAC.CV o >R
A TERE R 0 (n1)/2) , Hie B LS Bt TR Vb 6 0 °26/73
HAE T Ko/, 25T | P M e s | M ooy
SERERAL, (EREIO AT R M55 DR, [ /
AR R AT AR S R U M A R AR TS K A Chi Square = 20.960
SR AMTE R, BOBZGE RIS TE S TREEH | ccomers o< 0400

FEAR 738 B HUH AR (X7 = 20. 96, RMSEA = 0. 034 <
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Fig.8 Path analysis on the relationship between “ processes

VR 26% characteristics and land-use pattern characteristics by way of
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SR AR B SOWRAE B S SBEE AR [R] A AT e 300 b 3 P % - AR TR o B e LR
Bh—0. 867 , BV b 25 BEF8 BB N 1 A B, s 3 AR D U S B4 0. 867 AN HAA , ik ) 3R A
HE 2 i ek - AR AR ( RECH 0.016) o ZEE X HOUL BESZE RIS 7K A% SR A8 An AR FH G R bt
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KT ZESUMBRLBKFTRUARBEIRIEFEAIWXER

Table 7 Interactions among pattern indexes, effects of land-use pattern indexes on “processes” by way of integrating landscape level and

class level

EiEtan fEH REE A LR IARE rERUE SR SFBESE AR R R
Indexs Effects Al CLUMPY5 COHESION3 CLUMPY1 FRAC_CV3 AREA_MN SM EM

FRAC_CV3 Hi% -0.680 0 0 0 0 0 0 0
[ 0 0 0 0 0 0 0 0
&t -0.680 0 0 0 0 0 0 0
AREA_MN JER:A 0.831 0.205 0 0 0 0 0 0
] 4% -0.140 0 0 0 0 0 0 0
&it 0.692 0.205 0 0 0 0 0 0
SM HE 0 -0.084 0.021 -0.378 0.105 0.004 0.347 0
S -0.186 -0.077 -0.091 0.002 0 0 0 0
&t -0.186 -0.162 -0.071 -0.376 0.105 0. 004 0.347 0
EM JEE:A 0.156 0 -0.867 0.016 0 0 0 0
[ 4% -0.230 -0.120 0.440 -0.283 0.077 0.003 0.253 0
it 0.167 0.003 -0. 867 0.016 0 0 0 0

SDR EE:A 0 0 0 0 -0.567 0 0 0.729
[ 4 -0.230 -0. 120 0.440 -0.283 0.077 0.003 0.253 0

&it -0.230 -0.120 0. 440 -0.283 -0.490 0.003 0.253 0.729

ARSI HTFEIH | FEBEH R KOP- [ F i AR | Rkt e R R FH L S5 2 S i K b R e R A FR
T BEHh Y 3% 45 1 ( COHESION3 ) 143 4k %0 ( FRAC _CV3) | #f Hb A1 5 B 2 45 i 59 A\ 2B J# ( CLUMPY
CLUMPYS5) | Jii RIS FH 1 % 2 B (DS ) J2 52 WA 3L 37K T 300 2 ol e 11 =8 2 55 LS Jey R, L o o 32 2%
X I VD i A% o A A S A A R A v E S KT b W% 45 B (COHESION ) P2 BE S T FH ( AREA _
MN) LR (AD) SO FEE B (PR) 585 32 B M 25 sk K 4 3 2R RS AE 1 A8 5, Hovh SR S 1
(AL X i dsl U v i 7% ocd A8 48 S (0 A R AR B e ey, LU P BER TR ( AREA_MN) o BEHRRAUIKF B 50OULA%
Ja e it R AR AR R R R B R T WK S AR SR B AR R LR A I KRR B L &R IR B
SOULAE E I AEAE B I 19 B sl R B2 E A, AT IR S8OK £ 3 A BERRAE AR (L O R BE A T I I — 50K 22
[i] , 37— PR B | 3R A S0 JR A A 25 Tl i S R PR I3 i 5 i oK i b B . AE R TRIZKF b, Jii el - 15
R B R VD B B IO, 7R SR b B 25 B ( COHESION3 ) X it 3l 4 5847 il Ay
H I GEAR R B -0. 867) , #F A B (CLUMPY 1) X i 3 0 HAT B 52 i) (AR R AN -0.367) , &
b3 A O S AR B X U B e VD e B T R M e K (G R A 0. 49) , Rk iy COHESION3 (38 12 R ECHh
0.44) .

LEARE , M STOWAS Ja X K 3 e AR EL AT E R ), LR e AL o R S O A e AR e AR
RGO R R A E 5 o W SO G T S A& R 43 BT B 2o 23 M SRR S5O0 2 R A R X AR 28
S AR B T 220 T BRSO B 3 sl R — BSOS SRR IE AR AL X AR — Se BRI AR S A AR AR, I
Ah K SOMANBES IS KT L A SR R e B R B ds Jm S FEAH R R T e s BAR —SeEZE R, 5ol
A SRy — Tl g AS [) S50 ORI 7R B e 2 () e 77 1 1) 1 4R 5 AL RIVE R TR & Lo B R i &4 T 5 45 1]
AR S R A SR 5 A 2SI R O R 2 () L R 3 2 — |, ARl R 3 (1R s 2 RUBE RN AT £ B SR A
SRR B RRIE BN AR 2 R s e ] R 2 A B TR A B AR A SR 5 Ak R ] A EAE AL SR
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