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A study of spatial evolution characteristics of rural settlements and influences of

landscape patterns on their distribution using GIS and RS
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Abstract: Forms of human habitation within rural settlements are a major component of rural landscapes. The spatial
patterns and evolutionary characteristics of rural settlements are influenced by multiple factors, including natural, social,
and economic elements. It is, therefore, important not only to properly identify and assess the spatial distribution patterns
and evolutionary modes of rural settlements, but also to uncover causative laws and influential factors behind their evolution.
This can facilitate scientific rural planning and enhance optimal distribution of urban and rural land resources. Our study is
based on a series of digitalized vector data, including the locations of rural settlements, land slopes, rivers, and road
networks obtained from remote sensing (RS) images of the city of Dujiangyan in Sichuan Province for 2005 and 2010. We
applied analytical techniques derived from Geographic Information Systems ( GIS) and RS to quantitatively analyze the
processes , patterns, and trends of spatial evolution in rural settlements. Specifically, we explored landscape pattern indexes

to examine in depth the factors influencing the distribution characteristics of rural settlements in the study area. Our results
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showed that; 1) In general, while there was significant clustering in the spatial distribution of rural settlements in
Dujiangyan during both 2005 and 2010, this settlement pattern was even more significant in 2010. Along with an increase in
the spatial scale, the degree of the clustering tendency also increased, reaching a maximum value at a scale of 13 km. 2)
The presence of land slopes, roads, and rivers significantly influenced the distribution of rural settlements in Dujiangyan as
evidenced by the following findings. More than 80% of settlements were located in areas with slopes of less than 10 degrees;
over 50% of settlements were located within 500 m from a road network ; and almost 60% were distributed within 1000 m of
a river. 3) In 2005 as well as 2010, there was no obvious change in the concentrated locations of clusters, which were
consistently found in the southeastern region of Dujiangyan City. However, during both time periods, fewer settlements were
found in the townships of Hongkou, Longchi, and Qingcheng Mountain. The reason for this imbalance in the spatial
distribution of rural settlements was that besides the influence by natural factors such as the landscape, the distribution
patterns of rural settlements in Dujiangyan were also closely associated with several planning elements. These included a
policy of protecting national regions of scenic interest and a World Cultural Heritage site located in the city, the rural land
comprehensive consolidation projects and post-earthquake reconstruction planning. 4) Based on the above findings on factors
that influence the distribution of rural settlements, our research suggests that comprehensive consideration of topographical
and geological conditions is required for optimal adjustment of rural settlement patterns. Scientific planning procedures can
promote the relocation of rural residents from villages to townships and urban areas, and help to lessen disruption in
environmentally protected regions. They can also reinforce the effective use of land resources and increase land supporting
capabilities. We expect our research to provide a methodological reference for similar research conducted in the future. It
can also provide a theoretical and practical reference for rural land-related decision-making and technical support, for
example, dynamic monitoring of changes in rural settlements, assessments of rural land consolidation, and the “New

Socialist Countryside” rural planning policy.

Key Words: rural settlements; spatial characteristics; landscape patterns; factor of influence
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Table 2 Summary of landscape pattern index of slope as the influence to the rural settlements
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Fig.4 The distributions of rural settlements with indifferent buffers of road in 2005 and 2010
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Table 3 Summary of landscape pattern index of road as the influence to the rural settlements
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>2000 2005 56 7.98 430.62 7.07 7.69 0.13 1.057
2010 70 5.32 307.10 4.38 4.39 0.23 1.106

HH 2 3 A, BEIE B% 500 m 30 [ 40 A 0 4= AT
S RSB R &, BEH I A R K, R T 50%

Fifi 5 B (R BE N, 43 A B AR AT R IR i s /b, e HE
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Fig.5 The distributions of rural settlements within different buffers of river in 2005 and 2010
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Table 4 Summary of landscape pattern index of river as the influence to the rural settlements

. " o . N N BEHR ST 4L
5\ R R AL P H 5
BB /m P BEHOEL NP/ T SRR BEHL i P B T $ﬂj}x£i}'&ﬁ; PP . FRAC_AM
. ML/ % CA/hm ML/ % MPA/hm PD/(4~/ hm?)

Distance Year Patch number R . . Patch fractal

Proportion Patch area Proportion ~ Mean patch area Patch density . .
dimension

0—500 2005 291 41.45 2636.37 43.31 9.06 0.11 1.064
2010 489 37.13 2800.58 39.91 5.73 0.17 1.098
500—1000 2005 162 23.08 1359.08 22.33 8.39 0.12 1.066
2010 328 2491 1598.64 22.78 4.87 0.21 1.096
1000—1500 2005 122 17.38 937.24 15.40 7.68 0.13 1.060
2010 240 18.22 1203.88 17.16 5.02 0.20 1.102
1500—2000 2005 63 8.97 579.13 9.51 9.19 0.11 1.065
2010 127 9.64 768.04 10.95 6.05 0.17 1.096
>2000 2005 64 9.12 575.75 9.46 9.00 0.11 1.050
2010 133 10.10 645.56 9.20 4.85 0.21 1.101

M 4 W LIE T 60% AR FE RS S BEREGE S 1 1/3; BEE BT B g s, AR
TR AE 1000 m LAY, 500 m LAY BYAAT JE RO i R A BRE R B8R 3R Bk 1 AR s £ A DB ) 0k /> 5 - 3%
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