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Effects of landscape pattern on watershed soil erosion and sediment delivery in

hilly and gully region of the Loess Plateau of China. patch class-level
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1 Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 10085
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Abstract; Landscape pattern has a significant and complex effect on soil erosion and sediment delivery in the loess hilly and
gully region. This scale dependent effect is a central problem to be solved in landscape ecology. In this study, the
watersheds from Hekou to Longmen ( Helong section) , where 42 hydrological stations located, were selceted as the study
area in the loess hilly and gully region. Specially, soil erosion modulus, sediment transport modulus and sediment delivery
ratio were used as the indices to represent features of soil erosion and sediment delivery process in each watershed. Effects
of landscape pattern on soil erosion and sediment delivery process were systematically analyzed based on landscape metrics
and canonical correspondence analysis ( CCA) at patch-class level. The results indicated that the spatial variation of soil
erosion and sediment process has a close relationship with patch classes. Landscape metrics affecting the spatial variation of
soil erosion and sediment processes varies with land use categories. The landscape metrics, which had significant influences
on soil erosion and sediment delivery, include mean patch area of grassland (AREA_MN3) , percentage of landscape area

of residential land (PLANDS) , patch density of residential land (PD5) and patch density of other land use types (PD6).
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Futhermore, patch density is a landscape metrics that could impact on both soil erosion and sediment delivery. Landscape
pattern characteristics of grassland, residential land, and other land use types have more significant influences on soil
erosion and sediment delivery than the remaining landscape classes. This study suggested that on exploring the relationship
between landscape pattern and ecological process, not only the impacts of the whole landscape pattern on ecological process
should be examined, but also the effects of each single class and their patterns in the landscape on eological process should

be considered.

Key Words: loess hilly and gully region; patch-class level; landscape metrics; soil erosion; land use
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Table 1 The major rivers, subcatchments, and hydrological stations in Hekouzhen-Longmen Section
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Table 2 The landscape indices used in analysis at the class level
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Fig.2 CCA ordination of “processes” characteristic indexes and pattern characteristic indexes of different landscape types at class level in

42 watersheds
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Table 3 Eigenvalues, cumulative variances of “processes” characteristic and “processes” —pattern relationship for different landscape types at

class level

BRI g mip s e O HETRE

SR XKk B/ % . HFE R
SOIAS HEFF 4t KA Cumulative percentage %* T/ % FFAE(E (E*T,ﬂ =
Landscape . Pattern- . Cumulative percentage . Canonical P
Axises « " variance of the . Eigenvalues .
types process « . variance of Pattern- eigenvalues
. process « » .
correlations process” relation
A 55—l 0.396 14.8 93.6 0.024 0.004 0.248
o B 0.435 15.8 100.0
B 55—l 0.433 17.8 96 0.024 0.004 0.382
55 0.388 18.6 100.0
C 5 —Hh 0.730 50.2 97.9 0.024 0.012 0.006
55 0.437 51.3 100.0
D o —Hh 0.453 19.0 99.2 0.024 0.005 0. 196
55 0.148 19.2 100. 0
E o —Hh 0.730 50.6 99.7 0.024 0.012 0.005
o | 0.178 50.7 100.0
F o —Hh 0.828 64.8 100.0 0.024 0.016 0.005
ol | 0.058 64.9 100.0

3.2 ARFEEM 5 i BE " BREFEFRIK CCA PR AE(E K f R LA

TR 4 B, FEBEHIETRK FAN R SOM S A Ry e 505 Je VRS i R R R BrAE B G R B4 F Y
SRR REEETE CCA HEF i E AR B AAHAI] , Hrh 28— b SOAs Jmy 55 b 727 AR DGR fe e Y BER AL 2 HL
BRI I, A 0GR EGR 0.828(P=0.005) , Fohb | Jo R MR 2, A OCRE R 0. 73, i85 8] T K,
UL A AE BEH A KOF b A T ORI FH S Bt 8 A2 FH A0 L i 2I 7R Y e ) S O AS Jg o fif
AR AR R SR - AR A L R RE T SR,

F4 PEREBKTF CCA HIFHHILER ZRBEE

Table 4 Eigenvalues, cumulative variances of “processes” characteristic and “processes” -pattern relationship at class level

HERF 8l Axes AX1 AX2 AX3 AX4
HEAE(E Eigenvalues 0.019 0.000 0.004 0.001
1% e 5 < B BEIE AR ST Pattern- process” correlations 0.911 0.481 0.000 0.000

TBREIT SR R RBUR R %

Cumulative percentage variance of “process”

M Jry- i AR AR R R %

Cumulative percentage variance of Pattern-“process” relation

78.8 80.0 97.2 100.0

98.5 100.0 — —
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CCA HEFFRIEME B RBE R AT R (3R 4) , ZE BEBR S RUIKOF b, B3 X 1 43 BT 1) AR AiE LR Sy
0. 024 , HoAp 55— AR IE(E R 0. 019, 5 BEFIF(EY 79. 2% ; HEFF A Al 2 %l REAT LU B e VD % 1 72
FEEAS LI 80% , L rp 2 —HE 7 il SRENfF B U VD RS o FRRRIE AR A1 78. 8% , RFfR BRI S B TT BEHUK - -
FJr) 5 LR RRAESC R 11 98. 5% , 2 B HE P RlAE v S W T 4B HE T b 5 R A Jm -1 b ™= U B e Vb i B it A
KB AF B4 KR

CCA HEFF 5l 55—l a5 e S0 ey 5 < B R A AR O R0 0. 911, CCA HEFF il s —h I — 3 1]
MM BN 0. 481 (5 4) , ULIAFEBEHIS B KOY T 50Uk J5 5 3= ik = U0 S e Vi B8 il B A e G o 2%
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Table 5 Marginal and conditional effects obtained from the summary of forward selection at class level

2SR FE i Marginal effects A BE R Conditional Effects

7 & Variable J¥% Var. N Lambdal A5 Variable J¥%5 Var. N LambdaA P f

AREA_MN3 15 0.01 AREA_MN3 15 0.01 0.002 23.53
PLANDS 26 0.01 PD6 32 0 0.002 8.84
PD6 32 0.01 PD1 1 0 0.022 6.29
ED5 28 0.01 EDS 28 0.01 0.010 6.25
LSIS 29 0 AREA_CV3 16 0 0.086 2.51
LsI6 33 0 PAFRAC2 10 0 0.094 2.69
PAFRAC3 19 0 FRAC_MNI 2 0 0.128 2.67
113 20 0 FRAC_CV3 18 0 0.054 3.50
FRAC_MNI1 2 0 PD5 27 0 0. 100 2.83
AREA_MN2 8 0 COHESIONS 30 0 0.050 4.00
112 11 0 1]¥] 11 0 0.078 3.43
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Fig.3 CCA ordination of “processes” characteristic indexes and landscape pattern characteristic indexes at class level in watersheds
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