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Spatial pattern evolution of impervious surfaces and its influence on surface

temperature in the process of urban expansion: a case study of Urumqi
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Abstract: As the problem of urban heat islands has increased, the relationship between the imperviousness of a surface and
surface temperature has become a topic of interest. In this study, by using the remote sensing technology, the main urban
area of Urumqi was studied for the degree of surface coverage, the surface type, the intensity of the change, and the
characteristics of the space-time variation of the impervious surface. Simultaneously, the theory of landscape ecology was

introduced to analyze the spatial distribution pattern and the regularity of the impervious surface. Then, based on the surface
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temperature of the inversion, the relationship between the impervious surface and the surface temperature was analyzed. The
following conclusions were drawn: (1) The impervious surface index in the study area was mainly between 0.3—0.7 and
90% of the total area. (2) Since 2000, the index of 15.89% in the main urban area decreased each year; 20.07% of the
regional impermeable surface index increased each year with the growth area mainly concentrated in less than 10%; (3)
The diversity of the landscape type of the impervious surface was reduced; the medium and high coverage areas were
predominant, among which the aggregation index of the high coverage area was the highest, reaching 87.71, and the shape
of the impermeable surface type changed from complex to regular; (4) The surface temperature of the study area was
obviously increased. In 2000, the average surface temperature was 25.94 °C and the average surface temperature in 2016
reached 35.51 °C; (5) Impervious surface coverage on the surface temperature showed positive and negative correlation of
the alternating features and an overall performance in an “M” shape; (6) The percentage of impermeable surface type to
the influence of landscape index on surface temperature was relatively complex and had a clear effect, and the influence of
surface water temperature cannot be analyzed from a single impermeable surface coverage. An impervious surface is an
important factor that contributes to the surface temperature and it is necessary to examine the relationship between
impervious surfaces and the surface temperature more accurately from a comprehensive study of the number, distribution

pattern, material, terrain, and surrounding environment of impervious surfaces.
Key Words: impermeable surface coverage; landscape; surface temperature; variable; Urumqi
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Fig.1 The Location of the study
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Table 1 Atmospheric profile parameter information
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2016-07-28 04.:49.53 88.3122 43.1846 0.77 2.05 3.46
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Fig.2 The impermeable surface coverage type
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Fig.3 The area percentage of impermeable surface coverage type
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Fig.4 The changes and increments of impermeable surface cover of Urumqi
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Table 2 Impermeable surface type landscape index value of Urumgqi

BEYLR BE PD T BL-JE 4 440 PAFRAC REFREL Al

e Patch density Permimeter-area fractal dimension Aggregation Index

Type 2000 2008 2016 2000 2008 2016 2000 2008 2016
TJoH 7% No coverage 0.13 0.16 0.05 1.61 1.61 N/A 77.3 71.56 77.87
K73 Low coverage 0.86 0.48 0.12 1.46 1.46 1.6 59.79 43.53 29.9
BRABL Relatively Low coverage 3.79 2.83 1.08 1.47 1.4 1.39 67.83 65.21 38.53
Hh 7 55 Medium coverage 9.68 10.51 13.11 1.45 1.46 1.42 75.86 73.63 67.66
B B3 Relatively High coverage 5.94 4.63 1.59 1.47 1.47 1.5 79.76 81.46 87.71
i 35 High coverage 9.8 9.06 13.47 1.5 1.49 1.49 66.43 69.53 54.59
47 35 Full coverage 1.56 1.57 0.44 1.29 1.28 1.21 57.57 56.39 72.48
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Fig.5 Spatial distribution of surface temperature of Urumqi
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Table 3 Surface temperature statistics of Urumqi

) oM Al Sl it 2
Year Minimum Maximum Mean Standard deviation
2000 13.69 39.52 25.94 2.46

2008 17.87 44.65 32.06 2.90

2016 21.39 45.80 35.51 2.53
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Table 4 Correlation coefficient of Urumgqi between surface temperature and impermeable surface Related variables
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I FE 18 Euclidean nearest neighbor distance mean -0.60** 0.05 -0.01 -0.40 %
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