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Spatial structure of the surface temperature in Shenzhen China
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Abstract World-wide urbanization and population expansion result in climatic changes such as the urban heat island

UHI effect. In UHIs elevated temperatures negatively affect human live conditions and may induce deleterious effects on
urban ecosystems. In this study we quantitatively analyzed the spatial pattern and characteristics of the UHI in the Special
Economical Zone SEZ of Shenzhen Guangdong Province China . Remote sensing technology and satellite thermal
infrared images band 6 of Landsat EMT + images year 2000 were used to estimate the surface radiant temperatures. The
spatial distribution and characteristics of the UHI were calculated with the help of three-dimensional fractal analysis

triangular prism method  the spatial autocorrelation method Moran”and Gearys index  and a profile and transect
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method. Distinct gradients of the temperature were observed from west to east and south to north of Shenzhen SEZ. Several
high temperature zones were observed in traffic-related areas e. g. Shenzhen North Freigh Station and Yantian Port in
Yantian. The spatial distribution of the surface radiant temperature in Shenzhen SEZ was strongly affected by the altitude.
Distribution and size of the urban vegetation significantly reduced the temperatures. For example trees in green areas of
Yantian showed high efficiency in reducing UHI effects. The obtained data provide the basis to reduce high temperature
areas in future urban planning. With increasing resolution of thermal infrared remote sensing data and more precise digital

elevation models we will be able to predict temperatures and local winds in UHIs.

Key Words special economical zone SEZ of Shenzhen urban heat island UHI  fractal analysis spatial autocorrelation

urban heat island UHI 3

N urban canopy layer UCL urban boundary

layer UBL °
6-18
TIR ° TIR
TIR
1 2
3 UHI
1
1.1
113°46'E ~ 114°37'E  22°27'N ~22°52'N
49km 8km 397.76km’ 65.5%
22.3C
36.6C 1.4C 355d 2060h 5225M)/ m’ 5~9
1924. 7Tmm
1.2
1.2.1
TIR DN 1 L,
L, = gain x DN + offset 1
L, gain /DN DN offset /DN
Landsat 6
K,
() 2
L

A

http //www. ecologica. cn



1491
T, K L, W/ m* ster pum Landsat-7 ETM + K, 666. 09
1 K, 1282.71 2
TIR DN B
surface radiant temperature
surface brightness temperature
/A
1.2.2 A ( V C
triangular } ‘ 5
prism ** E G
1
H
D=2-B 3
2~3 1
Fig. 1 Triangular prism method sketch map
ABCDF EFGH
1.2.3
Moran 17
nz ZWU ¥ —X X —X
I — 1=1 j=1 4
T n - 2
w; % — X
i1 j=1
Geary c
SV R
C = i1 j= 5
2 w; X, —x °
i=1 j=1 i=1
X x n ;
T w; =1 i J w; =0  Moran [
-1~1 Geary C Moran I
0~2
1.2.4
3 - 2
W-E1 26.5km W-E2 37.5km - 1 WS-EN 48.9km
4 360°
3 W-E 0° WS-EN 60° WN-ES 120° 2
400m
2.1
3
312.97K 285.80K 27.17K 1



1492 27

RYIE X
);HRIQ Shenzhen SEZ

WN-EN
WN-ES WN-ES WS-EN
WS-EN WS-EN WN-ES
WN-ES
W-E
G Ty D]
F X FRH X BWIX AKX
Nanshan Futian Luohu Yantian
2
Fig. 2 Profiles and transects in Shenzhen SEZ
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Fig. 3 Land surface temperature in Shenzhen SEZ

abe d a b c and d are four high temperature areas

1 K
Table 1 T in Shenzhen SEZ and four districts K

Districts Min Max Mean Median Mode Range SD CV
Nanshan 287.94 310.47 298. 64 298.34 297.13 22.53 2.532 0.85
Futian 293.54 312.97 299.93 300.22 301.28 19.43 2.361 0.79
Luohu 290.62 310.47 298.01 297.13 295.92 19.85 2.876 0.97
Yantian 285.8 307.15 297.30 296.36 295.16 21.35 2.627 0.88
Shenzhen SEZ 285.8 312.97 298.50 298.53 295.78 27.17 2.723 0.91
2.2
2.2.1
Moran  Geary 0.985 0.016
2.338
Z
4 2.561 2
> 2.518 > 2.406 > 2.352 Table 2 Fractal dimension and spatial autocorrelation in Shenzhen
Moran 0.998 > 0.971 > SEZ and four districts
0.967 > 0.956 2 Triangular prism method Moran Geary
Districts 1 C
Value R?
4 Nanshan 2.406 0.998 0.998 0.022
Futian 2.561 0.997 0.956 0.043
Luohu 2.518 0.979 0.967 0.034
Yantian 2.352 0.984 0.971 0.031
312. 97K > 310.47K >
Shenzhen SEZ 2.338 0.998 0.985 0.016
310.47K > > 307.15K

22.53 > 21.35 > 19.85 >
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Fig. 4 Map of land use types in Shenzhen SEZ
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Table 3 Fractal dimension and spatial autocorrelation index in

Shenzhen SEZ and administrative divisions

Districts Transects
alue 2
2.715 >W-F2 2.648 >W-El 2.447 Moran val K
Nanshan W-E 2.356 0.983  0.8674
WS-EN 0. 9113 > W-E2 > 0.8007 > W-El
WN-ES  2.324 0.907  0.9049
0.7235 WS-EN
WS-EN  2.429 0.863  0.9092
Futian W-E 2.278 0.999  0.8628
3 WN-ES  2.334 0.913  0.8938
W-E WN-ES  WS-EN WS-EN 2.303 0.949 0.8999
10. 5km 11.0km  22.9km Luohu W-E 2.401 0.999  0.9077
294.1 ~306.3K 294.4 ~305.2K 293.4 ~307.2K WN-ES 2 266 0.929 0.9050
WS-EN WS-EN  2.402 0.826  0.8845
Yantian W-E 2.162 0.999  0.6925
WN-ES  2.313 0.849  0.9072
5 WS-EN  2.422 0.733  0.9069
NS WS-EN Moran WN-ES 0.9092 > WS-EN

Shenzhen SEZ W-E1 2.447 0.935 0.7235

0.9049 >W-E 0.8674 WS-

W-E2 2.648 0.915 0. 8007
EN 2.429 >W-E 2.356 >WN-ES 2.324 WS- WSEN 2715 0.937  0.0113
EN
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Fig.5 Three profiles across surface temperature in four districts and Shenzhen SEZ
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W-E1

W-E1 and W-E2 are west to east profile 1 and west to east profile 2 in Shenzhen SEZ respectively
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