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Effects of road construction on landscape pattern in Southwest China

LI Qianwen, JIN Tiantian*, JIANG Aiping, PENG Qidong, LIN Jungiang, ZHANG Di
Institute of Water Resources and Hydropower Research, Betjing 100038, China

Abstract: To reveal the impact of road construction on landscape patterns in Southwest China, the kernel density and
landscape index of roads were calculated based on land cover and road data in 2015. On this basis, the direct, indirect and
comprehensive impacts of road construction were analysed, the spatial heterogeneity and characteristics of the impacts on
different land cover types were discussed, and the applicability of each landscape index was pointed out. The results showed
that (1) the road construction increased patch density and intensified patch discretization, leading to an obvious
fragmentation trend. The road kernel density index (KD) was positively correlated with the patch density index (PD),
Shannon’s diversity index ( SHDI) , and splitting index ( SPLIT) and was negatively correlated with the patch cohesion
index ( COHESION) , contagion index ( CONTAG ), landscape division index ( DIVISION), and perimeter-area fractal
dimension index (PAFRAC). (2) The impact of road construction on the landscape index was mostly due to fragmentation,
followed by the patch spatial distribution form and aggregation connectivity. The PD could well represent the degree of road
construction effect on landscape fragmentation. SPLIT was more advantageous for identifying areas with a high degree of
fragmentation. (3) The different landscape indices had different applications. PAFRAC was suitable for the underdeveloped
regions of roads. CONTAG was suitable for regions with a highly heterogeneous road distribution. DIVISION was suitable for
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regions with a low intensity of human activities. COHESION and SPLIT were suitable for exploring regions where roads and
accompanying human activities interacted together, and PD and SHDI were widely applicable for exploring roads directly.
(4) For exploring the effects of road construction on different land cover types, the PD and DIVISION indices were
preferable for forests; DIVISION and SPLIT for grasslands; PD, PAFRAC, COHESION, SPLIT and DIVISION for
farmlands; PAFRAC, COHESION and SPLIT for wetlands; PD, PAFRAC, and COHESION for construction lands; and
DIVISION, SPLIT and COHESION for other land cover types. Exploring the effects of road construction on landscape
patterns is of great practical significance for understanding landscape pattern changes and guiding environmental protection

in Southwest China.

Key Words: road construction; landscape pattern; kernel density; landscape index; Southwest China
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Table 1 The meaning and calculation method of the landscape index used
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Fig.2 Correlation diagram of landscape index before and after adding roads
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Table 2 Landscape index value and percentage change before and after adding roads
PIE +hRfE2E PIE AR E2E
.. ~ W INGE VNIIBTE AAH S X T K56 P
Index 1 Ind Average value+ Average value+ Percentage Paired T test
fdex ype fidex name standard deviation standard deviation change /% P value (n=139)
(no road added) (road added)
BEHHEHR Patch index PD 2.0+1.1 2.7+1.9 30.8 1=-10.1, P<0.001
TERFEHE Shape index PAFRAC 1.5£0.0 1.4£0.1 -4.0 1=15.8, P<0.001
WAEFEHEIR Aggregation index DIVISION 0.6+0.2 0.8+0.2 30.1 t=-13.2, P<0.001
CONTAG 69.0+£9.9 69.4+10.0 0.6 t=-2.6, P =0.012
SPLIT 6.4+10.3 69.2+114.2 987.3 1=-6.9, P<0.001
JEFEREFEFR Connectivity index COHESION 99.9+0.1 99.7+0.2 -0.2 t=12.5, P<0.001
ZAEEFEFR Diversity index SHDI 0.8+0.2 0.8+0.3 4.6 t=-12.3, P<0.001
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R3 B KD SEMISHEXES R

Table 3 Correlation analysis of road kernel density and landscape index

L] R AT o
AR () GBS (R OVMRECRLEI H r(EE)

FabRe A FEARB R ) . . . .. Correlation coefficient of
Correlation coefficient before Correlation coefficient after
Index type Index name . L . . L percentage change of landscape
adding roads (indirect) adding roads ( direct+indirect) ; .
index ( direct)

BEYLIEDE Patch index PD 0.64 ** 0.81** 0.82%*
JEARFEHR Shape index PAFRAC 0.08 -0.17" -0.73**
RERERETR DIVISION 0.49 ** 0.48** -0.12
Aggregation index CONTAG -0.28"" -0.40"" -0.70""

SPLIT 0.60 " 0.79** 0.46™"
R E b
HEARILAR b COHESION ~0.27"" ~0.50"" ~0.49**
Connectivity index
ZFEPESE R Diversity index SHDI 0.44 " 0.54"" 0.72*"

r ARG P M B EMKF;n=139; % = P<0.01; * P<0.05

2.4 A BTN SR BURIE

VAS IS8 0 S5 UL SO A T L S I 2 3 i 500 LR S 14 LR, HAZ B AR [ - b 7 2 7
ZE [ A3 A AR JRIFRAE | Y ARIE B KD SO BOAR B R s SE RS2, Ak 4 B 7E7S R L AR AR, AT
B KD I, T-HE 4.09 km/km? s FU A& B, P91 0.93 km/km? ; Hofth + BT 9K KD R/, F
UK 0.02 km/km®, PD PAFRAC, PD AL T 43 L S5 BR A4 bk 32 3t 0 H At - 3t 0 S B3 8 KD HE
P 58 4 — 20, 1R KD WA T Ak il , {H A2 A6 7 23 L BE R 5 T PAFRAC R 32 - 3 78 9l PN 38 B KD 152 0 2 8h | &2

R4 FMEBRANETELBEREBSNEY

Table 4 Landscape indices of different land cover types before and after adding roads

- H gi§:i) B KH T8 AT Otli'{in q
Land cover Forest Grassland Farmland Wetland  Construction land cover types
T KD (FI{HRER)
Road KD (average valuet 0.26+0.78 0.09+0.46 0.93+1.39 0.19£0.75 4.09+4.50 0.02+0.23
standard deviation)/ (km/km?)
A ISTER il PD/ (M45/100hm?) 0.45 0.59 0.68 0.16 0.10 0.21
Before adding roads PAFRAC 1.43 1.44 1.46 1.56 1.61 1.41
COHESION/% 98.2 96.3 97.8 97.2 94.5 94.1
DIVISION 0.82 0.82 0.99 1.00 1.00 0.99
SPLIT 968,932,101 78,954,739 10,538,269 877,085  12,146,803,983 1,126,453,916
LP1/% 29.93 26.09 3.76 0.90 0.16 2.67
IIBEY Y= PD /(M%5/100hm?) 0.62 0.69 1.08 0.18 0.28 0.22
After adding roads PAFRAC 1.39 1.40 1.37 1.46 1.41 1.38
COHESION /% 98.0 95.9 96.2 96.6 89.0 93.7
DIVISION 0.95 0.88 1.00 1.00 1.00 0.99
SPLIT 968,935,731 89,625,347 16,059,342 1,189,173 12,232,883,514 1,166,886,845
LP1/% 10.58 18.56 0.36 0.81 0.02 2.65
AL PD/ % 40.2 12.29 65.55 40.53 210.17 11.40
Percentage change PAFRAC /% -3.07 -2.94 -5.93 -6.59 -12.35 -2.38
COHESION /% -0.21 -0.40 -1.70 -0.63 -5.82 -0.46
DIVISION 16.08 7.32 0.98 0.00 0.00 0.00
SPLIT 0.00 13.51 52.39 35.58 0.71 3.59
LPL/% -64.64 -28.89 -90.31 -9.98 -89.76 -0.84
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