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Impact of Urban Building Spatial Distribution Pattern on Thermal
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City Center

Wang Zhuyi', Fan Yanguo', Shan Baoyan®
'College of Oceanography and Space Informatics, China University of Petroleum (East China), Qingdao 266580,
Shandong, China;
*School of Surveying and Geo-Informatics, Shandong Jianzhu University, Jinan 250101, Shandong, China

Abstract Aiming at the challenges of difference between the research conclusion and actual situation resulting from
inadequate selection of research scale and incomplete research dimension in the study of the urban thermal environment, an
approach of quantitative analysis for the correlation between urban building spatial distribution pattern and urban thermal
environment is suggested. First, from Landsat8 remote sensing images, the land surface temperature (LST) in the research
area is extracted. Then, the quantitative expression system of urban building spatial distribution pattern in the research area is
built. Next, correlation analysis (CA) and bivariate local spatial autocorrelation analysis (BLSAA) are employed to
investigate the effect of urban building spatial distribution patterns on the thermal environment at 1- and 2-km scales. The
investigation findings of the suggested approach to the thermal environment of the central urban area of Jinan demonstrate that
one-, two-, and three-dimensional urban spatial structure indicators are sensitive to the change in research scale; one- and
three-dimensional urban spatial structure indicators are extremely sensitive. The confidence of investigation findings on the 1-
km scale is higher than that on the 2-km scale. The one-, two-, and three-dimensional urban spatial structure indicators’
effect on the urban thermal environment is a primarily positive correlation, and the number of positive correlation indicators
increases with the increase in dimension. The two- and three-dimensional urban spatial structure indicators have a greater
correlation with the urban thermal environment compared with the one-dimensional urban spatial structure indicator.

Key words remote sensing image; urban building spatial distribution pattern; correlation analysis; bivariate local spatial

autocorrelation analysis; thermal environment; Jinan city
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Table 1 Quantitative expression index of one-dimensional urban building spatial distribution pattern

Indicator name Calculation formula Meaning
1 It reflects the elevation level in the region.
Average DEM (E) *ZE, . . ¢ .
ni= The higher the value, the higher the terrain.
. 1 2 It reflects the state of topographic relief in the region.
DEM standard deviation (E.) J*Z(E, —E) . posrap Ag )
Jn= T'he greater the value, the greater the topographic relief.
13 It reflects the average height of buildings in the region.
Average building height (H) 7ZH, . ¢ . ¢ . ¢ . ¢
ni= The higher the value, the higher the height of buildings generally.
Standard deviation of building / 1 (H.—H It reflects the difference degree of building height in the region.
height (H,) Jn& The greater the value, the greater the building height difference.
Average absolute height of *i(E CH) It reflects the average elevation level of the top of buildings in the region.

buildings (H,,) n = » The higher the value, the higher the elevation of the top of buildings.

It reflects the height fluctuation degree of the building top in the region.

Standard deviation of absolute f 1 2 - . .
height of buildings () I g (E,+H,—H,) The greater the value, the greater the elevation difference of
cig S abs N =

the building top.

Notes: E; is the elevation value in the DEM of the 7th building; H, is the height of the ith building
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Table 2 Quantitative expression index of two-dimensional urban building spatial distribution pattern

Indicator name Calculation formula Meaning
Average value of 1 2’: A It reflects the average level of building base area in the region.
building base area (Aj) The larger the value, the larger the building base area generally.
Standard deviation of |1 2( A ALY It reflects the dispersion degree of building base area in the region. The greater the
building base area (Aj,) v/ n = e 1 value, the greater the difference between the base area values of different buildings.
Total building base area 2 A It reflects the amount of building land in the land use in the region.
(Ay,) The greater the value, the more building land.

o . It reflects the density of buildings in the region. The greater the value,
Building density (D) A/ Avs o
the denser the buildings, and the greater the degree of land use.

Outdoor activity area It reflects the level of outdoor activity range in the region. The greater the value,

) (A — A /A
ratio (R,,) "

the greater the outdoor activity range and the greater the land development potential.

L o It reflects the aggregation degree of building distribution in the region.
Building distribution . . . o
i min { L} The greater the value, the greater the spacing of buildings and
agglomeration (C,,) . .

the sparse distribution of buildings.

Notes: Ay is the base area of the ith building; A, is the grid area of the study scale; L, is the distance between two adjacent buildings
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Table 3 Quantitative expression index of three-dimensional urban building spatial distribution pattern

Indicator name Calculation formula

Meaning

Average building volume 1 2 (Ay X H,)
(thild) ni=
Standard deviation of 1

= >3 (AW X H, = Vi ¥
building volume (V) Jn Z( il buid )

. Ay X HXA,
Floor area ratio (Ry4) E—

It reflects the size of the volume of a single building in the region.

The larger the value, the larger the volume of a single building.

It reflects the size of building volume difference in the area.

The larger the value, the greater the size difference of different buildings.

It reflects the intensity of land use in the region. The smaller the value,

3 the smaller the intensity of land use and the better the living comfort.

Duty cycle (R,,) Vi/ [max { H}X A, ]

It reflects the spatial utilization degree in the region. The larger the value,

the higher the spatial utilization rate and the higher the development degree.

Notes: V, is the total volume of the building
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