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Fig 1 The study area and its structure
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Tab 1 Land cover/ land use type in Hangzhou City
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2 1991 1994 1999 2001 /
Tab 2 The error matrix of land use/ land cover classification in 1991, 1994, 1999 and 2001

(%) (%)
1991 61 0 0 4 65 61 100. 00 93.85
0 45 2 3 50 8 93.75 90. 00
0 2 47 1 50 50 94. 00 94. 00
0 1 1 89 91 97 91.75 97. 80
61 48 50 97 256 256
94.53 (%)
Kappa 0.9192 0. 8769 0.9254 0. 9646 Kappa 0.9251
1999 64 0 0 1 65 65 98. 46 98. 46
0 46 0 4 46 50 100. 00 92. 00
1 0 48 6 50 4 94.12 87.27
0 0 3 83 94 86 88. 30 96.51
65 46 51 94 255 255
94. 14 (%)
Kappa 0.9794 0.9025 0. 8411 0. 9449 Kappa 0.9202
2008 67 0 0 2 69 60 97. 10 97. 10
0 9 0 1 10 10 90. 00 90. 00
0 0 48 2 50 8 100. 00 96. 00
2 1 0 123 126 128 96. 09 97.62
69 10 48 128 255 255
96. 86( %)
Kappa 0.9603 0. 8959 0. 9507 0.9522 Kappa 0.9510
»
1991~ 1999 1999~ 2008 2
, GIS
s s s
5
3
31 3 20 40 60km
Tab 3 The distribution of urban construction land in the
) 1991 different cirdes of 20, 40 and 60 kilometers in diameter
1999 2008 (km2) 20km 40km 60km
1991 91 95 182 82 267 54
1999 143 87 302 26 370 90
2008 174 84 439 38 661 91
, 20km, 40km, 60km ( 3),
1991~ 1999 20~ 40km 1999~ 2008

B



3 : 18 689

20~ 40km 40~

60k m 60km (l\i
{ S
5 &
\?
7
v
32 LGN
| REIES
% R
2008 fERR AN
RS
 — L L AOK e -
? ,-_L-,__.E_ﬁ.km,, | TN E—
, 2 1991 1999 2008
Fig 2 Temporal urban land expansion map from
1991 to 1999 and from 1999 to 2008 in Hangzhou city
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Tab 4 The built-up area and urban expansion intensity index during 1991~ 1999 and
1999~ 2008 in the respective region of Hangzhou

(km?) (km?) (km?/ a) (%)

1991 199 2008 1991~ 1999 1999~ 2008 1991~ 1999 1999~ 2008 1991~ 1999 1999~ 2008
76 87 107. 92 166 57 3105 58 85 388 6 54 505 6 06
117. 37 166 36 389. 96 48 9 223 91 612 24 88 522 14 95
21 %4 31 65 43 81 10 41 12 21 13 1. 36 6 13 429
17. 33 25 53 3 77 82 8 29 103 092 591 361
14 22 17. 28 16 29 306 - 096 0 38 -0 2 69 -0e
32 02 539 108 40 21 88 54 59 2 74 6 07 8 54 11. 25
9 68 16 12 37. 56 6 4 21 47 081 2 39 8 32 14 80
38 69 53 69 71 58 15 17. 99 1 88 2 00 4 85 372
326 67 47158 867. 95 145 03 39 37 18 11 44 04 5 54 9 34

4 )
,
1991~ 1999 18. 11km*/ a

50km?, 20km?, 3 06km?
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, 1999~
2008 44. 04km*/ a,
, 58. 85 km’, 54.59 km” 223 9lkm’,
33
, 5
Tab 5 Changes in the four different
land cover types in Hangzhou city
' ' 1991 856 53 314 11 1861. 19 326 67
( 5) 1999 873 71 249 99 1763 22 471. 58
2008 813 00 179 81 1497. 72 867 95
( 6) /
, 1991 1999 2008
/ 1991~ 1999 1999~ 2008 \
. ( )
1991~ 1999 |
6
1991~ 1999 | ,
64 23km> 97 86 km’, 1991~ 1999 30 6% 60 4%:;
1999~ 2008 ,
265 S50km”> 70 18km’  60. 71km’, 66 98% 17.71% 15 31%
6 1991~ 1999 1999~ 2008 (km?)

Tab 6 Land use types and areas occupied by the urban expansion in Hangzhou city, 1991~ 1999 and 1999~ 2008

1991~ 1999 1999~ 2008 1991~ 1999 1999~ 2008 1991~ 1999 1999~ 2008 1991~ 1999 1999~ 2008

65 75 - 14 81 - 29 94 -6 82 - 66 86 - 38 87 31 05 58 85
- 28 31 - 4379 -93 - 46 49 - 11 38 - 132 87 48 99 223 91
- 134 10 05 -2% - 040 -6 13 - 2172 10 41 12 21

1 98 Q17 -25 -071 -363 - 762 82 8 29
- 051 Q55 -2 - 007 029 Q52 3 06 - 096
-974 -203 -455 - 10 81 - 759 - 41 27 21 88 54 59
-3 18 - 161 -016 -017 -31 - 19 61 6 44 21 47
-3 64 - 925 - 119 -471 0 54 -4 05 15 1799
17 05 - 60 71 - 64 23 - 70 18 - 97 86 - 265 50 145 03 396 37

- 43 66 - 134 41 - 363 36 541 40
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, 132 87km”> 46 49km* 43 79km’
4
41
1991 , ,
, (GDP) 189. 62 3441. 51 ,
12% , ,
53. 33%  40. 56% 49 46% 47 41%, ,
42.01% (1991 ) 59 56%
(2008 ), 1. 43% (1991
~ 1993) (1994~ 2000), (2001~ 2008) 1991~ 1993
, 89. 31
, 1. 26 1994~ 2000 , 1993
, 25% , ,
, 2000~ 2008 .
, 1991
326 67km’ 2008 867 95km’, 3,
1991 140. 65 2008 245 56 , ,
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42
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Urban expansion and its driving forces based on
remote sensed data and GIS:
A case study of Hangzhou city from 1991 to 2008

WANG Wetrwu, JIN Jian-wei, XIAO Zuoe-peng, SHI Ting-ting
(Institute of Urban Planning Engineering and Information Technology,

Zijngan Campus, Zhejiang University, Hangzhou 310058, China)

Abstract: Based on mult+ temporal Landsat TM/ET M+ Images and GIS, we extracted in
formation of urban construction land use in H angzhou with supervised classification and e
verlay technology. The characteristics of the changes of urban construction land use were
analyzed with the aid of spatial overlay technique in order to obtain urban spatial expansion
information. T hen, the intensity index, direction of urban expansion as well as the situa
tion of the land occupied by urban expansion are analyzed quantitatively, and the socioece-
nomic driving forces factor and their effect mechanism during the last 15 years (1991 to
2008) were explained. The result revealed that the rate of urban expansion in Hangzhou
city was very quick and the urban land area in 2008 was over twice more than that in 1991.
The arable land around the urban area, water body and woodland, the main land use types
due to the urban expansion, accounted for 66. 98% , 17. 71% and 15. 31% respectively.
The study also showed that the main human driving forces causing urban expansion in
Hangzhou in the past 15 years included the following aspects: the high- speed economic de-
velopment, the rapid growth of population, the increase of investment at home and a
broad, the quick renewal in the old city and the development of suburban real estate, the
group development of Higher Education and Science and Technology Development Zone,
and the development of urban transport facilities such as the four bridges across the Qian-
tang River and the two ringed highways around the Hangzhou city. The local government
ought to rethink profoundly the advantages and disadvantages of urban expansion in the
different stages, and to do ir-depth analyses of the future urban expansion mechanism to

push forward sustainable urban expansion.

Key words: urban expansion; remote sensing; GIS; driving mechanism; Hangzhou city



