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The influence of urban spatial structure on urban thermal field—a case study of Jinan in summer

WANG Junning, SHAN Baoyan, LIU Yangyang, ZHANG Zhixuan
School of Surveying and Geo-Informatics, Shandong Jianzhu University, Jinan 250101, China

Abstract: Background, aim, and scope Architecture is the main component of urban spatial structure. Its three-
dimensional expansion in space not only changes the underlying surface of the city, but also affects the energy
balance and air flow of the urban space, thereby affecting the urban thermal field effect. This study mainly
discusses the correlations between the surface temperature of Jinan and the urban spatial structure indicators. The
central urban area of Jinan in summer was considered as the research area, and buildings were considered as the
primary research objects to construct the urban spatial structure indicator system. Materials and methods This
study used the atmospheric correction method to inverse Landsat 8 remote sensing image data, and the retrieved
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surface temperature was used to represent the urban thermal field. A multi-dimensional urban spatial structure
index system was constructed based on buildings, green spaces, and water bodies. Following this, correlation
analysis and bivariate spatial autocorrelation methods were used to study the impact of spatial structure indicators
on urban thermal fields at different spatial scales. Results The results showed that: (1) The correlations between
the urban thermal field and many of the spatial structure indicators were significant. At different research scales,
there were certain differences in their correlations and spatial correlations. (2) The five urban spatial structure
indicators, including building density, the summation of the base area of the foundation, plot ratio, duty cycle,
and the summation of the building volume, had the most significant positive correlations and spatial positive
correlations with surface temperature. (3) Surface temperature had the most significant negative correlations
with five indicators: the standard deviation and the average of the digital elevation model (DEM) value, the
building absolute height value and its standard deviation, and the outdoor activity area ratio. Discussion These
results suggest that the urban surface temperature was not only affected by the indicators in a region, but also
by the five indicators in the surrounding area. The elevation of the study area was an important indicator that
affected urban surface temperature. The correlation between the urban spatial structure and urban thermal field
strongly depended on the scale of the selected spatial research unit. Their correlation was more evident at smaller
research scales. The combined effect of the extension of the building on the plane and the extension of the three-
dimensional space changed the urban thermal field. Conclusions Urban surface temperature was most affected
by the five indicators of building density: the summation of the base area of the foundation, plot ratio, duty
cycle, and the summation of the building volume in the area and the surrounding areas. The surface temperature
increased with an increase in the values of these five indicators. The influence of elevation factors on the surface
temperature was also extremely significant. The surface temperature was lower in areas with higher terrain
and larger topography. This was more evident in smaller-scale spatial research units. Recommendations and
perspectives The three-dimensional distribution characteristics of buildings and their extension on the plane would
directly affect the urban thermal field, and optimizing the urban spatial structure can alleviate the urban thermal
field effect to a certain extent.

Key words: urban spatial structure; urban thermal field; correlation analysis; bivariate spatial autocorrelation
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Tab. 3 Bivariate spatial autocorrelation data of land surface temperature and urban spatial structure indicators

BERY =7 1 km X1 km 2 km X2 km
Specific index Moran’s [ Z 2 km X2 km Z
A EARMEZ  Standard deviation of building height 0.1928 11.62 0.2670 9.03
YRS Average height of buildings 0.0583 3.61 0.1251 431
Y S EEARHEZ  Absolute height standard deviation of buildings -0.3531 —20.87 —0.5562 -18.72
DEM Frifi2%  Standard deviation of DEM —0.3718 —21.86 —0.5686 —18.95
AT 4 %= JE  Average absolute height of buildings —0.4057 —23.66 —0.5145 -16.79
DEM F-#{ DEM average value —0.4289 —24.87 ~0.5358 ~17.34
@HHE  Building density 0.3973 21.78 0.3973 12.58
IR AR Summation of the base area of foundation 0.3973 21.78 0.3975 12.57
I bR EZ:  Standard deviation of the base area of foundation 0.1611 10.02 0.2560 8.98
AR ILE AL Average the base area of foundation 0.1295 7.96 0.2721 9.57
AFGITHEZH4{E Mean distance between buildings -0.0704 —4.31 —0.0108 —0.41
FANESIEFLL  Outdoor activity area ratio -0.3973 -21.78 -0.3973 -12.58
AR Volume rate 0.3700 20.90 0.3975 12.55
AFATUEAM Summation of building volume 0.3689 20.90 0.3952 12.51
5251 Duty cycle 0.3428 19.83 0.4023 12.58
HFABREZ  Standard deviation of building volume 0.1896 11.99 0.2840 9.73
AR FL  Average building volume 0.0840 5.28 0.1492 5.14
LK IARRY SE AL Summation of the area of green land and water bodies —0.1971 -12.16 -0.1927 —6.82
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