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Abstract: The dynamics of urban biophysical descriptors represented mainly by impervious surface vegetation and open
water can affect the quality of urban thermal environment( UTE) . With the progress of urbanization Fuzhou City located
in the coastal area of southeastern China has witnessed a significant UTE change which led the city to have been reputed
by media as the top of the three new “furnace cities” in China in 2007. To investigate the process of the city from a non—
furnace city to a top furnace city in China the dynamics of urban biophysical components of Fuzhou and the associated UTE
change between 1976 and 2006 have been analyzed. The study focuses on the quantitative relationship between impervious
surface and land surface temperature ( LST) because the impervious surface has for many years been recognized as an
indicator of the intensity of the UTE and with the advent of urban sprawl become a key issue in urban habitat health. The
city’s biophysical properties e.g. impervious surface vegetation and water along with LST in 1976 1986 1996 and
2006 were retrieved from the Landsat MSS/TM images of the corresponding years. Three thematic indices Normalized
Difference Impervious Surface Index ( NDISI) Normalized Difference Vegetation Index ( NDVI)  and Modified Normalized
Difference Water Index ( MNDWI) were employed to extract features of impervious surface vegetation and open water
respectively from the satellite images. The spatial overlay and correlation analysis of these land surface features were then
carried out. The results reveal the dynamics of the urban biophysical properties of the city in the 30 study years and their
quantitative relationship to the UTE change. The area of urban impervious surface has significantly increased by 329% over
the 30 years which was only 20.45 km” in 1976 but remarkably increased to 87.89 km’ in 2006. The cost of the increase

in urban impervious surfaces is the considerable reduction of vegetation and open water coverage in the city area. The
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vegetation coverage in the urban area has decreased from 25% in 1976 to 9.8% in 2006. The replacement of the natural
vegetation-dominated land surfaces by the impervious materials would have an impact on thermal environment of the city due
to modification of heat energy balance. The study shows that the impervious surface has a positive exponential relationship
with LST rather than a simple linear one which suggests that the area with high percent impervious surface could accelerate
LST rise and thus the urban heat island development. The study also found that the contribution of impervious surface to
LST could equal or even exceed that of the sum of vegetation and water. On the whole the significant urban biophysical-
component changes of Fuzhou City during the study period have induced the strong urban heat island effect to the city

which led the city to have become the hottest one in China. The analysis shows that the increase and amalgamation of
impervious surface patches reduction and fragmentation of vegetation and water covers and poor urban ventilation are the

main factors contributing to the formation of the “furnace city” of Fuzhou.
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Table 1 Various thematic information of biophysical components/km?
1976 1986 19% 2006 1976—1986 1986—19% 19962006
1% 1% 1%
Item
Area % Area % Area % Area % Increase Increase Increase
/km? /km? /km? /km? rate rale rale
44.78 3.34 74.90 5.58 126.95 9.46 163.44 12.18 6.73 6.95 2.87
Study area
Impervious 20.45  64.53  30.68  68.68  60.84  73.38  87.89  73.44  5.00 9.83 4.45
surface Urban area
. . - 994.37 74.10 971.57 72.40 947.31 70. 60 822.05 61.26 -0.23 -0.25 -1.32
Vegetation Study area
7.93 25.02 9.65 21.60 12.50 15.08 11.76 9.83 -4.31 -6.76 -4.2
Urban area
' 108.36 8.08 106. 15 7.91 103.12 7.69 102.07 7.61 -0.20 -0.29 -0.10
Water Study area
2.75 8.68 2.97 6.65 3.80 4.58 3.14 2.62 -7.37 -6.92 -5.17
Urban area
URI 0.02 0.03 0.08 0.13 5.50 15.24 6.46
Study area
0.24 0.29 0.56 0.68 2.20 9.41 2.09
Urban area
/°C UHI intensity 0.89 2.29 2.95 3.41 5.37 2.90 1.57
Urban area/km? 31.69 44.67 82.91 119.67 4.09 8.56 4.43
Study area/km? 1341.88 - - _
(1) 1976—2006  30a 1976
44.78km’ 2006 163. 44km’ 2.65 1976
20. 45km’ 2006 87.89km’ 3.3 .
(2) 30a 994km’ 822km’ 12.3%
74. 1% 61.3%; 1976 25% 2006
9. 8% 15 o
(3) 30a 6.3km’ 0.47

1976 8.68%
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1976 1986 1996 2006

Fig. 2 Spatiotemporal distribution of main urban biophysical components in Fuzhou’s main urban area
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Fig. 4 Difference image of UHI in Fuzhou main urban area

2 1976—2006
Table 2 LST level variations between 1976 and 2006

1% 1%
LST Level Area /km’ Percentage Total percentage

Lowering -3 0.51 0.42 17.04

-2 2.45 2.05

-1 17.43 14.57
Constant 0 40.55 33.88 33.88
Raising 1 26.84 22.43 49.08

2 26.67 22.29

3 5.23 4.37
Total 119.67 100. 00 100. 00

Fig. 5 Typical UHI change areas
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Table 3 Regression models between impervious surface vegetation water and LST
Univariate regression Multivariate stepwise regression
1976 LST 10, 1570 53VDist LST = -10. 487NDVI + LST = - 10. 619NDWI + LST =9. 823NDISI - 5. 865NDVI -
o © 21.338 21.616 5. 781MNDWI + 15. 595
R* =0.7776 R=-0.844 R=-0.812 R =0.881
1986 LST = 26. 2130 617ADIs! LST = - 14. 996 NDVI + LST = - 14. 262MNDWI + LST =19. 432NDISI -9. 601NDVI -
e N 46. 692 44.347 13. 431MNDWI +37. 727
R? =0.7367 R=-0.858 R=-0.788 R =0.887
! LST = -8.316 NDVI + LST = -7.067TMNDWI + LST =11. 893 NDISI -3. 306 NDVI -
1996 ST = . /(). S562NDISI
[ST=17. 145¢ 29.976 28. 861 8. ISMNDWI +19. 147
R* =0. 8301 R=-0.812 R=-0.775 R =0.965

LST = -12. 133NDVI +

LST = -8.991MNDWI +

LST =9. 745NDISI -8. 176 NDVI -

2006 ST = . /l. 088NDISI
LST=11.234e 32.346 29. 847 0. 8629MNDWTI +27. 077
R?*=0.7185 R=-0.873 R=-0.743 R=0.926
1%
4 2006
40
Table 4 Impervious surface level and its corresponding LST in 2006 ¥ = 11234105
35+ R2=0.7185
NDISI LST/C Increased LST/C
0.0 11.23 - 30
O
0.1 12.53 1.29 OE 25 L
0.2 13.96 1.44 ~
0.3 15.57 1.61 20
0.4 17.36 1.79 15 L
0.5 19.35 2.00
10 | | | |
0.6 21.58 2.22 02 0.4 0.6 0.8 1.0
0.7 24.06 2.48 NDISI
0.8 26.83 2.77
0.9 29.91 3.08 6 (2006 )
1.0 33.35 3 44 Fig. 6 Exponential relationship between impervious surface and
LST (2006)
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Table 5 Characteristics of urban biophysical components in the main urban area
1976 1986 1996 2006
Patch number 273 394 716 756
Imperviousness Mean area /km? 0.075 0.078 0.085 0.116
% Percentage of urban area 64.53 68. 68 73.38 73.44
Fragmentation degree 0.134 0.128 0.118 0.086
UHI Patch number 237 125 424 617
Mean area /km?* 0.037 0.147 0.161 0.191
URI 0.24 0.29 0.56 0.68
Fragmentation degree 0.267 0.068 0.062 0.052
Vegetation Patch number 305 593 1068 987
Mean area /km? 0.025 0.016 0.012 0.007
Percentage of urban area 25.02 21.60 15.08 9.83
Fragmentation degree 0.385 0.615 0.854 0.963
Water Patch number 81 139 238 221
Mean area /km? 0.034 0.021 0.016 0.014
Percentage of urban area/% 8.68 6.65 4.58 2.62
Fragmentation degree 0.296 0.470 0.625 0.703
Fi=n;/a; n; i i z
(3) . .
( 1o
1. 3). 4d) .
1996 (3
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