P R 7N i
o1 o e o Vol.21, No.2
20194£2 m® 8 B @@ Z Feb.. 2019
+ Journal of Geo-information Science €o.,

51 AR 2K S DR XS R A6 B DT T 2 i iy 5 A S8 K T 44 0 30 B W 22 3 A [T U BR A5 BB 425£ 4, 2019,21(2):226-235. [Fan Z Y,

Zhan Q M, Liu H M, et al. Spatial-temporal distribution of urban heat island and the heating effect of impervious surface in summer in
Wuhan[J]. Journal of Geo-information Science, 2019,21(2):226-235. ] DOI:10.12082/dqxxkx.2018.180495

RXTEFHHHREE5AEKEIEREENZ 5

ﬁé 123 /&R%IZM* XU%R‘I,Z,S,%% %1,2,3,2 %"_4
L sSBURE IR T 2B, it 43007252, iR 2ZFFCF IR TS oty , 58I 430072 3. HuEkas [a){5 B AR FA1H O,
I 4300794, BRI KA 08 25 B T AR E R H S 90802, 5 430079

Spatial-temporal Distribution of Urban Heat Island and the Heating Effect of
Impervious Surface in Summer in Wuhan

FAN Zhiyu"*’, ZHAN Qingming"***, LIU Huimin"*’, YANG Chen"*’, XIA Yu'

1. School of Urban Design, Wuhan University, Wuhan 430072, China; 2. Digital City Research Center, Wuhan University, Wuhan
430072, China; 3. Collaborative Innovation Center of Geospatial Technology, Wuhan 430079, China; 4.The State Key Laboratory
of Information Engineering in Surveying, Mapping and Remote Sensing, Wuhan University, Wuhan 430079, China

Abstract: With the advancement of urbanization, natural land cover has been continuously replaced by
impervious surface which resulted in the phenomenon of Urban Heat Island (UHI). UHI can lead to serious
negative effects on urban ecology and residents' health, so is of great significance to study the corresponding
spatial pattern and dynamic change. Based on 3 summer Landsat images acquired in 2001, 2007 and 2016 of
Wuhan, this paper retrieved Land Surface Temperature (LST) using Radiative Transfer Function (RTF) method
and verified the results by MODI11A1 which is the daily LST product of MODIS. Furthermore, LST grade and
UHI ratio index (URI) were calculated to analyze the corresponding spatial-temporal variation. We also explored
the relationship between LST and impervious surface. Globally, the multiple linear regression method was
applied to compare the heating effect of impervious surface with the cooling effect of vegetation and water.
Locally, we used Geographically Weighted Regression (GWR) to analyze the spatial-temporal variation of the
heating effect of impervious surface combined with topographic data. The results indicated that: (D) RTF method
is suitable for retrieving LST in the study area. URI of Wuhan ascended from 0.42 in 2001 to 0.54 in 2007, and
then descended to 0.51 in 2016. However, the areas with high temperature are still expanding; (2) The multiple
linear regression achieved a desirable fitting accuracy with R*2 being 0.910 because it covered the impact of 3
land cover types on LST simultaneously. Overall, the heating effect caused by impervious surface in Wuhan is
stronger than the cooling effect caused by vegetation, but weaker than the cooling effect caused by water;
@ From 2001 to 2016, the distribution of areas with high heating effect of impervious surface showed a trend
from "single center" to "multi-center". The original single center which is located in the center of city expanded
to multiple center areas covering the districts near the Third Ring Road such as Hanyang Zhuankou Industrial
Area, Qingshan Industrial Area, Yangluo Open Economic Zone and Dongxihu District. Therefore, the UHI
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phenomenon in Wuhan is still serious in summer. The heating effect of impervious surface is intensifying in
suburb areas. So urban planners should pay more attention to these areas to mitigate the heat stress.

Key words: Wuhan; heat island effect; thermal retrieve; impervious surface; multiple linear regression; Geo-
graphically Weighted Regression (GWR)
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Tab.1 Related information of images

iR AR H JRAR I [R] AGIRELC FXRRE/%  Uk/kpa JAI] R/ mph
Landsat7 2001-07-22 10:56AM 63 100.2 SW 13
Landsat5 2007-07-31 10:49AM 67 100.2 SW 9
Landsat8 2016-07-23 10:45AM 59 100.2 SSW 13

1 AR RG] 55 A S 55 BH2K A T https://www.wunderground.com M3 ,
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Tab. 2 Parameters of radiative transfer

equation-based method
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Ladnsat7 666.09 1282.71
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Tab. 3 Statistical values comparison of Landsat images' retrieval results and MOD11A1 «C
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Fig. 1 Urban land surface temperature grades in Wuhan
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Tab. 4 The results of regression models
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Fig. 2 Impervious surface-land , water-land and vegetation-land surface temperature regression model
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Tab.5 Global fitting coefficients of GWR

U5 FRA 2001-07-22  2007-07-31 2016-07-23
R 0.918 0.915 0.929
R*Adjusted 0.917 0.914 0.928
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Fig. 3 Statistical results of local fitting coefficients
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