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Analysis on urban heat island effect based on the dynamics of urban surface

biophysical descriptors
XU Hanqiu”

College of Environment and Resources, Fuzhou University; Institute of Remote Sensing Information Engineering, Fuzhou University ; Fuzhou 350108, China

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

E£WH : ERARE 4 (40371107) s 84 B0H T A5 H (1K2009004)
Y #5 A #A:2010-06-22; 1&iT B #A:2010-09-21
# WIRAER Corresponding author. E-mail ; fdy@ public. fz. fj. cn

http ://www. ecologica. cn



14 # TR T 90 1 30 2 SO A B Sl T A 2 2800 23 H 3891

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.

Key Words: urban expansion; impervious surface; urban heat island; remote sensing; Fuzhou City
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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

F2 19762006 EREERTHFE
Table 2 LST level variations between 1976 and 2006

RLEE AL AR [ et/ % B %
LST Level Area /km? Percentage Total percentage
FAA Lowering -3 0.51 0.42 17.04

-2 2.45 2.05

-1 17.43 14.57
ANAE Constant 0 40.55 33.88 33.88
F+ 1 Raising 1 26. 84 22.43 49.08

2 26.67 22.29

3 5.23 4.37
A1t Total 119.67 100. 00 100. 00

B5 ARETASMETERIE
Fig. 5 Typical UHI change areas

2.3 WA S T E RS RN E ORI
YT A% 4103 22 AL RE B 0GR BRI GE A I R AT 20, S SR 22 Tl ek 8 (R e AR 8L
X Z2 IR ) X R A% T BB A T 1 96 AR HEAT ST LA A, LA E T Z [ i S AR UL 5 7 7
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0. 1, 2 FEAK 0. 89°C 5 i T AN /K T 5 4 T i B2 A 2 ] B RO 2 M O 2R TR A8 BpR B & i LG L
BN 0. 1, MM EE SN 1.3—3.4°C (324, 1&16) , Ul i ASaZ /K T Ho 4 i DX i e b T2 P TR AN 2 7K
T e il X

F3 AEKEEHW O KESHEEENXRATRE
Table 3 Regression models between impervious surface, vegetation, water and LST

RS R EVER i) Z T2 AT

Univariate regression Multivariate stepwise regression

LST=-10. 487NDVI+
21.338

LST=-10. 619NDWI+
21. 616

LST=9. 823NDISI-5. 865NDVI-

o 0. 523NDIST
1976  LST=10. 157¢ 5. 781MNDWI+15. 595

R*=0.7776 R=-0.844 R=-0.812 R=0.881

1986  LST=26. 213 617NDISI
R?=0.7367

1996 LST=17. 145¢" 302NDIst

R?=0. 8301

2006 LST=11.234¢" 088VDISI

LST=-14. 996 NDVI+
46. 692

R=-0.858

LST=-8.316NDVI+
29.976

R=-0.812

LST=-12. 133NDVI+

LST=-14. 262MNDWI+
44.347

R=-0.788

LST=-7.06TMNDWI+
28. 861

R=-0.775

LST=-8. 991 MNDWI+

LST=19. 432NDISI-9. 601 NDVI-
13. 431MNDWI+37. 727

R=0.887

LST=11. 893 NDISI-3. 306 NDVI-
8. ISMNDWI+19. 147

R=0.965

LST=9. 74A5NDISI-8. 176 NDVI-

32.346 29. 847 0. 8629MNDWI+27. 077
R?*=0.7185 R=-0.873 R=-0.743 R=0.926
VLA R T 1% B A
x4 RB|EIEAFEITER 2006 £ EKEE R R H AT R &
N 40
Table 4 Impervious surface level and its corresponding LS7 in 2006 = 11234l 08
Ld ponding 35| R2=0.7185
NDISI TR LST/°C WA Increased LST/°C
0.0 11.23 — 30
Q

0.1 12.53 1.29 05; 25 |

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 I I L I

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 2.717

0.9 29 91 3 08 B 6 RiFEKESHERERIFEE RS F (2006 4F)

’ ’ ’ Fig. 6 Exponential relationship between impervious surface and
1.0 33.35 3.44

LST (2006)
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HRAE DA 185 5% AT LIS 388 T B 20 & T 1 1SR R 3 A T 4

(1) MRBEEYIROARTESRA 763X 30a B RN B9 IX R B SR L A T AR AE, Hrp
ANF K G FEIRX A LB 64.5% ETHE)73.4% KN 25% FI%519.8% , /KK 8. 7% FIEF2.6% (#
1), TR T HE S 270 H 56 R2UE R AR B K % THE g RUK R S RIROIE-, 2
IR MR EESHRN) BE OUA SE b T T R

(2) MRS R A R ARE Bl N ETE S ] AR 3k T e 55OWAS SR FEIX 30a L ZAE T E
KA (K 5) o RICAFERKAAATE TR L B0 B[R] s, BEBRE TR A3 , BRI 1A i AU ol sl /)N | ol 1 P
Oty H A AR B R A B A A S (R 2) o TR K A TR L TR TR B, BEBRAR H R W £ | S 2 1
RN, WA 3 I S R, RE B 2 [ TR 5, DT (4544 BR3P BE B 25 KA 3R B R T B %
AR T A 8 (1 2— 181 3)

®5 FTHREMRSESVHE

Table 5 Characteristics of urban biophysical components in the main urban area

1976 1986 1996 2006
AR BEHLEL Patch number 273 394 716 756
Imperviousness S 1HI A Mean area /km? 0.075 0.078 0.085 0.116
i EIKIX H % Percentage of urban area 64.53 68.68 73.38 73.44
W) Fragmentation degree 0.134 0.128 0.118 0.086
AL EEHL UHL BELRAL Patch number 237 125 424 617
1L Mean area /km? 0.037 0. 147 0.161 0. 191
URI 0.24 0.29 0.56 0.68
W WEJE Fragmentation degree 0.267 0.068 0.062 0.052
FE#E Vegetation BEHAL Patch number 305 593 1068 987
T FL Mean area /km? 0.025 0.016 0.012 0.007
5 F IR IX LA Percentage of urban area 25.02 21.60 15.08 9.83
W Fragmentation degree 0.385 0.615 0.854 0.963
JKAK Water BEBLEL Patch number 81 139 238 221
31 B Mean area /km? 0.034 0.021 0.016 0.014
b IR X H B Percentage of urban area/% 8.68 6.65 4.58 2.62
WWESE Fragmentation degree 0.296 0.470 0.625 0.703

WERREEARN Fi= ny/ ap, Fob, n 058 i EESER MBI, o, 50 ¢ 1Y S i AL

(3) JEAANG AR DY s FEAEE L PR L SRR LR, UK R A o 32 B A I XU AL
(1) o ARk B VL by ™ B (8 e S HC A0 B8 e A, DR o A A B 7 R R TS , e T TR — 18
T E A SRR S0 TP T A M E— A XUE XU T, A5 B b FL | JUAS DA 6 A N 230 X R 2 55 1 Jn 7 (18
1 &13) o IYTAL R A — 7 s AR M 8 T T (BT 4d) AR R fre iU AR (G T, (FLFE 12 DX M 1 R A
o 2SR 1996 4F LUS 128t SR A3 8 IX (18] 3) |, I ELBHAS 1A A9 T XUGE , TnJa) 1 48 M i)
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2. 5hm® FREH] 2006 4F 14 0.7 hm® - SCEE AR R ARESHE X 2002 4FA8 N S 1A 7 (A58 AL 3R W] 30k IX iy
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