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Landscape spatial heterogeneity is associated with urbanization. an example from

Yangtze River in Jiangsu Province

CHE Qianjin'> ,CAO Youhui""* ,YU Lu'*, SONG Zhengna'* ,DONG Yawen'
1 Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences, Nanjing 210008, China
2 Graduate University of Chinese Academy of Sciences, Betjing 100039, China

Abstract . Spatial heterogeneity is an important concept in ecology and geography. Landscape spatial heterogeneity is defined
as the spatial variation of land use patch types, composition and properties. This has important consequences for landscape
connectivity, stability and fragmentation and can determine the functions and processes of ecosystems. Landscape spatial
heterogeneity emerges from the interaction between human activities and natural ecosystem dynamics. However, with social
and economic development as well as human population growth, the human influence is growing stronger. Analysis of spatial
heterogeneity is helpful as it can reveal spatial geographical differentiation. Using high-resolution satellite remote sensing
data, along with landscape ecological index methods and statistics, a landscape spatial heterogeneity model was
constructed. The model was used to quantitatively estimate landscape spatial heterogeneity characteristics and urban
connections along the Yangtze River in Jiangsu Province, and to divide the study area into six regions along a heterogeneity
gradient. The results showed that the landscape spatial heterogeneity model provides a valid and comprehensive
representation of three characteristics of the landscape—patch structure, shape and quantity—which determine connectivity
and stability. There was a significant positive correlation between the landscape spatial heterogeneity index and three urban
parameters. The correlation coefficient between the landscape spatial heterogeneity index and concentration intensity of the

urban population was 0. 854. The correlation coefficient between the landscape spatial heterogeneity index and urban spatial
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expansion pattern was 0.672. Thus, the urban spatial expansion pattern and concentration intensity of the urban population
had strong effects on landscape spatial heterogeneity. There was a significant simultaneous increase between landscape
spatial heterogeneity and three urban parameters, which indicated that urbanization has a variable effect on landscape spatial
heterogeneity. There were couplings among landscape heterogeneity gradient differentiation, regional development strength
and development sequence. Areas of high heterogeneity, such as Nanjing, Suzhou and Wuxi, are the developed regions
with the greatest pace of development in Jiangsu Province, and even China. Areas of low heterogeneity, such as Xinghua,
Haian, Ruzhou, are distributed in the middle of Jiangsu Province where the level of urbanization is lower and the economy
develops at a slower pace. These findings help understand the relationship between economic development and
environmental degradation for this area. It is proposed that landscape protection, reduction of construction land and other
landscape contact probabilities, and the implementation of differentiated strategies for the city could reduce the conflict
between urban development and environmental protection. To preserve the ecological landscape, we should focus on land
protection and corridor construction to enhance connectivity. We should also protect forest parks, wetlands and water
conservation areas to reduce landscape fragmentation and maintain biodiversity. To reduce construction land and other
landscape contact probabilities, we should implement smart growth strategies to prevent further urban sprawl when re-

developing urban land—use patterns.
Key Words: landscape; spatial heterogeneity ; urbanization; relation; Jiangsu Province along the Yangtze River
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E1 2007 £HHRREX A SHEAMEE S
Fig. 1 The spatial distribution of urban land in the study area in 2007
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Table 1 Total variance explained based on principal component analysis

EX 0 X7 BTk 22 STHKA Initial Eigen values
Component FEHE(E Total T 2Bk # % of variance ZHTTHRR Cumulative/ %
1 4.131 41.311 41.311
2 2.549 25.490 66. 801
3 1.792 17.915 84.716
4 0.509 5.086 89. 803
5 0.404 4.037 93.840
6 0.317 3.168 97.008
7 0.135 1.349 98.357
8 0.122 1.221 99.578
9 0.030 0.305 99.883
10 0.012 0.117 100. 000
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Table 2 Component Matrix

15 ¥R AT Factors F2 43 1 Componentl F 4> 2 Component2 T 43 3 Component3
BEHEEFE PD -0.077 0.187 0.831
SOMIE 620 SHAPE 0.050 0.962 -0.005
IEYERL FRAC -0.104 0.937 -0.048
2] HE 48 CONTIG 0.295 0.696 0.354
#W S CONTAG -0.915 -0. 164 0.198
WL BEFE % COHESI -0.351 -0.669 0.380
Z V48 %L SHDI 0.970 0.098 0.033
Y15 FEHR 2L SHEL 0.973 0.106 -0.015
EREFIEL AL 0.129 -0.220 0.871
RAT 5 I 8% 1 0.899 -0.032 0.250

®3 ABRFHE

Table 3 Communalities

it WA F 2 RIARFFZE T WIS F 7 22 PRI F 7 22
Factors Initial Extraction Factors Initial Extraction
BEHe 7 PD 1.000 0.732 FOMIE A48 %L SHAPE 1.000 0.927
SMIEHEEL FRAC 1.000 0.891 23 (AT 5 4 CONTIG 1.000 0. 696
MRS CONTAG 1.000 0.902 T K B8 % COHESI 1.000 0.715

Z AR % SHDI 1.000 0.953 Y] B AR 4L SHEL 1..000 0.958

R BERREL AT 1.000 0.824 X TR B S IE Y@ 1.000 0.872
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Table 4 Correlations among of X,UI,UD and UE

I YNEE < 3; 5 I FH 2 I S (] £ G Y 2 [i) S P R
Ul UuD UE X
Ul Pearson HH¢ R4 1 0.752*" 0.809 ** 0.672""
XA 56 7K S 0.000 0.000 0.000
Z 55 Bk A s 39 39 39 39
UuD Pearson #H3¢ R% 0.752** 1 0.765** 0.591 **
LA x5 7K S 0.000 0. 000 0.000 0. 000
Z 55 Bkt AR 39 39 39 39
UE Pearson #H¢ R % 0.809 ** 0.765 " 1 0.854 **
XA 37K - 0.000 0.000 0.000
Z 55 Bike AR 39 39 39 39
X Pearson #H5¢ R % 0.672** 0.591 ** 0.854** 1
XL A 56 7K - 0. 000 0.000 0. 000
Z 5 Bk A R 39 39 39 39
% FORTE 0,01 K b XU 3%
*5 AEAHERRESMERSIT
Table 5 Cluster results for X,UI,UD and UE
Means FKAIX 1 FKARIX 2 HKARIX 3 HKAIX 4 HKARIX S FKHIX 6
S BUE Clusters 1 Clusters 2 Clusters 3 Clusters 4 Clusters 5 Clusters 6
Ul 0.476 0.507 0.458 0.555 0.615 0.750
UD 0.026 0.047 0.040 0.075 0.197 0.263
UE 0.565 0.921 0.943 1.099 1.316 1.641
X 11.196 12.963 14.525 14.913 15.805 18.041
S5 Er T CONTAG 6.64 6.23 6.17 5.86 5.68 5.21
Component of structure SHDI 0.84 1.04 1.11 1.22 1.27 1.43
SHEI 0.43 0.53 0.57 0.60 0.62 0.71
11 46.48 54.19 58.26 61.14 62.80 71.23
NS SHAPE 1.30 1.35 1.35 1.37 1.41 1.43
Component of FRAC 1.01 1.03 1.06 1.06 1.07 1.09
morphology CONTIG 0.26 0.29 0.31 0.29 0.33 0.34
COHESI 9.95 9.95 9.94 9.94 9.95 9.91
FUAR 3 14 I8 Al 8.79 8.80 8.95 8.75 8.95 9.03
Component of number PD 4.35 2.07 2.34 2.64 3.99 4.82
FHIF R Species number 5 6 6 6 9 7

IR X AE T BT X RN T X R T X H M T X B LT R T DX SR VT S
ﬂrﬁzjﬁ 1641, A N AR R 0. 75, Wl B S8 B Ry 0. 263, 3k T Ak K S B iy o i 40 iz 2l X 4% 32
A3 FA] LLUR IR ZE S5 M 43, SHDI SHEL 1T 4351k 1.43 0. 71 #171. 23, %R T H B H6 # X, CONTAG
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Fig. 2 The landscape spatial heterogeneity gradient partition in 2007
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Table 6 Landscape composition for various of heterogeneous regions

SO0 [ B o AR fik 5

Landscape High Comparative high ~ Medium Comparative low Low Weak
423 [A] Building land 29.75 21.02 17.03 13.48 13.82 12.15
WH I Urban land 17.75 9.16 5.21 3.52 3.74 2.20
A& F I B AL Rural residential 5.16 5.76 7.16 6.91 6.88 7.37
M7 T4 s Mining land 2.61 1.92 1.50 0.52 1.39 0.79
AZ38 L Traffic land 4.23 4.18 3.16 2.53 1.81 1.79
4\l 25 8] Agricultural land 31.84 48.28 59.30 60. 46 65.53 76.10
2525 ] Ecological land 33.73 27.27 20. 16 17.45 16.96 6.68
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Table 7 Accessibility between urban spatial expansion and other landscape sites

FM = B h AR ik 5

Landscape High Comparative high Medium Comparative low Low Weak
HA&25 (8] Ecological land 0.21 0.16 0.14 0.07 0.09 0.06
Al =3 (8] Agricultural land 0.52 0.67 0.67 0.60 0.73 0.75
Ak FE RS Rural residential 0.09 0.08 0.09 0.07 0.09 0.09
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