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Analysis of spatiotemporal evolution and influencing factors of
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Abstract: In order to study the evolution of urban pattern and the change of heat island effect in Hefei in
recent 20 years, land classification and land surface temperature inversion were carried out based on the
Landsat satellite images of October 2005, October 2009, October 2015 and October 2020. The normalized

difference between bare land and building index (NDBBI), fraction vegetation coverage (FVC), modified
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normalized difference water index (MNDWI) and population density were extracted for multiple regression
analysis, and then a mathematical model was established to analyze the heat island effect and its
influencing factors in the main urban area of Hefei. The results show that: (1) From 2005 to 2020, the
strong heat island area has increased by 15.03 km2. The distribution direction of standard deviation ellipse
of heat island is from northeast to southwest, and the scope of the ellipse is expanding year by year. The
mass center of heat island is concentrated in Shushan Economic Development Zone, and 81.90% of the
strong heat island areas are high-density industrial areas, indicating a good corresponding relationship
between the strong heat island areas and high-density industrial areas. (2) The analysis results of
geographical detector show that the explanatory power of each influencing factor on land surface
temperature from large to small is, NDBBI (0.542), MNDWTI (0.409), FVC (0.379) and population
density (0.018). (3) The results of multivariate linear model (R* = 0.654) indicate that the main factors
affecting land surface temperature is NDBBI, while the population density has little effect. (4) The
analysis of geographical weighted regression (GWR) model shows that the R of each point is in the range
of 0.489-0.667, and the R* of urban construction area with dense buildings and roads is highest. The high
value of NDBBI coefficient is concentrated in the economic development zone and other places, with the
highest value reaching more than 0.9, the coefficient of population density is still very small, the high
value areas of FVC coefficient are concentrated in areas with high vegetation coverage, while MNDWI

high value areas are distributed in water areas.

Key words: surface temperature; heat island effect; geographic detector; ridge regression; multiple
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Fig.1 Administrative division map of main urban area of Hefei
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Table 1 Data source and purpose
Data serie Data name Data Source Purpose Time
2005-10-31,
Remote sensing Landsat 5 TM, Landsat 8 OLI https://earthexplorer. Retrieve surface temperature ~ 2009-10-26,
data TIRS usgs.gov and extract surface information  2015-10-15,
2020-10-24,
Vector data of the administrative
) Extract the boundary of the
Vector data boundary of the main http://www.geodata.cn 2016
. study area
urban area of Hefei
Population den- . . . ) . .
Hefei population density http://www.resdc.cn Provide population density data 2015
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Fig. 2 Technical roadmap for research on Hefei heat island effect and its influencing factors
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Fig. 3 Classification of land use in Hefei. (a) 2005; (b) 2009; (c) 2015; (d) 2020
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Table 2 Transfer area land use in Hefei from 2005 to 2009 (km?)

Water Urban land Vegetation Bare ground/arable land
Water 92.69 1.04 4.14 0.20
Urban land 2.53 65.88 14.02 6.15
Vegetation 3.03 7.31 42.88 7.88
Bare ground/arable land 1.72 25.73 38.86 85.73

S . H2009—2015 4, REGE XA T 7.21 km2, B Jy 748.13% . 2015—2020 4F, HRH 8 X 3 hn T
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Table 3 Transfer area land use in Hefei from 2009 to 2020 (km?)

Water Urban land Vegetation Bare ground/arable land
Water 93.96 0.89 2.93 0.30
Urban land 4.40 90.72 38.59 23.85
Vegetation 1.13 2.62 32.16 16.89
Bare ground/arable land 0.47 5.74 26.22 58.90
() (b) N
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Il <0 cold island district
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Bl 6-9 intense heat island

(©)

UHI/°C
B <0 coldisland district
o-3 secondary heat island
[ 3-6 heat island

B 6-9 intense heat island

20 km

A

UHI/°C

I <0 cold island district

:’ 0~3 secondary heat island

[ 3~6 heat island

B 6-9 intense heatisland | , > | A0k
(d) N

UHI/°C
Il <o
[Jo0-~3
I 3-6
B 6-9

cold island district
secondary heat island
heat island

. - 20 ki
intense heat island =

B4 AEmRSasmamE. () 20054; (b) 2009 4F; (c) 2015 4F; (d) 2020 4F
Fig.4  Spatial distribution map of heat islands in Hefei. (a) 2005; (b) 2009; (c) 2015; (d) 2020
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& 4 2005—2009 SF & e 8 K 445 @ AR (km?)
Table 4 Transfer area of heat island in Hefei from 2005 to 2009 (km?)

. ) Secondary heat . ) Intense heat island
Cold island region . i Heat island region )
island region region
Cold island region 96.58 17.36 2.95 0.64
Secondary heat island region 3.32 70.22 34.10 1.50
Heat island region 0.08 12.38 62.11 41.37
Intense heat island region 0.00 0.02 0.81 56.46

%5 2009—2015 & e # § K445 @ AR (km?)
Table 5 Transfer area of heat island in Hefei from 2009 to 2015 (km?)

. ) Secondary heat . ) Intense heat island
Cold island region . . Heat island region .
island region region
Cold island region 93.74 25.32 12.56 0.37
Secondary heat island region 5.89 68.90 66.64 1.12
Heat island region 0.30 5.44 18.25 9.33
Intense heat island region 0.06 0.32 2.53 89.16

%6 2015—2020-F & FE 7 # B K34 @ AR (kmd)

Table 6 Transfer area of heat island in Hefei from 2015 to 2020 (km?)

. ) Secondary heat . ) Intense heat island
Cold island region . . Heat island region )
island region region
Cold island region 89.01 16.85 3.74 0.11
Secondary heat island region 10.65 74.54 4477 3.99
Heat island region 0.31 8.36 42.41 11.38
Intense heat island region 0.02 0.24 9.06 84.51

%7 2005.2009.2015.2020 F &7 % % v K o 5% 4 B XK @ AL A (km?)

Table 7 Area change of the affected districts and intense heat island districts of Hefei in

2005, 2009, 2015, and 2020 (km®)

2005 2009 2015 2020
Affected area 1066 938.1 824 891.7
Intense heat island region 0.83 0.96 8.17 15.87
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Fig. 6 Development trend and centroid transfer of heat island in Hefei in 2005, 2009, 2015 and 2020
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& 8 HILIRM 5 &

Table 8 Result of Geoprobe

Impact factor NDBBI PD MNDWI FVC
q 0.542 0.018 0.409 0.379
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P 5l S\ SPSS 26.0 H1HEAT Pearson HISE 7347, 45 RN 9 R .
%9 ®rhEF 53k R E 6 Pearson /A X M 54T

Table 9 Analysis of the correlation between factors and surface temperature

Impact factor NDBBI MNDWI FVC PD
o 0.754 -0.575 -0.259 0.07
coefficient

TV RO AHSRIEAE 0.01 /KT 22 5 *FORAHSRIEAE 0.05 KT 1835
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Fig. 7 GWR analysis results of Hefei heat island effect and its influencing factors in 2015. (a) R* (b) NDBBI coefficient;

(c) PD coefficient; (d) FVC coefficient; (¢) MNDWI coefficient
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