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Fig. 1 Location and altitude of Quanzhou City in Fujian
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F1 IRAIERS 1:10
Table 1 The classification system of land use ERDAS IMAGINE 9.2 Auto Sync
Resample Settings ““Nearest
1; Neighbor””
” error 0.5
22 ™
23 Albers
31 eCognition
32
33
41 ArcGIS 9.3 ENVI4.8 ™
42
43
44
3 Kappa
51
52
5 1995
54 2000 2005 2010 4
61 89% 92% 95% 96%
62 Kappa 0.823 4 2
ArcGIS 9.3
1.4
ENVI 4.8 Basic Tools-
Layer Stacking Parameters TM 4
x2 AHEREEIEBERR
Table 2 Classification accuracy test of four phases of remote sensing images
Kappa
1995 Landsat TM 100 89 80 89% 0.823 4
2000 Landsat TM 100 92 85 92% 0.8537
2005 Landsat TM 100 95 89 95% 0.902 1
2010 Landsat TM 100 96 90 96% 09178
1.5 S; i
1) AS;; i
t (a) S
k=YY% L i00% a !
U, T
K 100
u, U, a 3)
b g L, :lOOXZn:(AixCi) 3)
K i1
[23] L, 4
2) 24] i C i
S= {Z”:(ASI-_/-/SI.)} x 100 x (1/f) x 100% 2) "
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[26-27]

AL, =L, -L, = 100{2(4- xCip)= D (4 XQ,J}
i=1 i=1

4
D (A xCi )= (4;xCi )
R — i=1 i=1 — b—a 5
- 7 &)
Z(A,. xC;,) a
i=1
AL, R
L, L, b
A,‘ 1
Cl b Ci,a b a 1
AL, >0  R>0
[28]
4
(3

R3I IHMAEESRIEL

Table 3 The value of land use degree gradation

—_

B W

1.6

6
4

Grid 30 m><30 m
Fragstats 3.3
2
2.1 1995—2010

5

2010 60% 15%
5 1995—2010 15 6
R4 FVWEHREHR
Table 4 Landscape indices and their descriptions
1 NP

(number of patches)

2 PD (100 hm?)
(patch density)
3 CONTAG

(contagion index)

4 SHDI

(shannon’s diversity index)

5 AWMSI
(area-weighted
mean shape index)
6 AWMPFD
(area-weighted

mean patch fractal
dimension)

£5 RN 19902010 RS ETLE
Table 5 Areas and percents for six land use types in 1995, 2000, 2005 and 2010 and land use changes from 1995—2010 in Quanzhou City

1995 2000 2005 2010 1995—2010
(km’) (%) (km?) (%) (km?) (%) (km’) (%) (km?)
2 160.40 19.45 2001.27 18.00 1832.44 16.47 1 696.38 15.26 —464.02
845.32 7.61 838.94 7.55 731.95 6.58 712.73 6.41 -132.59
6 854.85 61.73 6 754.30 60.76 6 789.54 61.04 6 694.54 60.22 -160.31
601.93 5.42 909.13 8.18 1142.88 10.27 1359.48 12.23 757.55
141.30 1.27 154.83 1.39 157.95 1.42 163.56 1.47 22.26
501.02 4.51 458.22 4.12 468.89 422 490.36 4.41 -10.66




1203

2 4

13.97%
1995

5.42% 2010 12.23%
15 757.55 km?

22.26 km?
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Fig. 2 Dynamic change of construction land in Quanzhou City from
1995 to 2010

F6 1995——2010 FRIM T TR LT

Table 6 Land use conversions in Quanzhou City from 1995 to 2010

1995 2010 1995
1090.53(50.51) 103.32(4.79) 277.97(12.88)  613.64(28.42)  24.48(1.13) 48.95(2.27) 2158.89
126.40(14.96) 369.88(43.78) 253.13(29.96) 76.19(9.02) 6.56(0.78) 12.62(1.49) 844.78
371.67(5.43)  203.07(2.97) 5928.15(86.60)  128.21(1.87) 44.31(0.65)  170.79(2.49) 6 846.20
58.33(9.73)  17.50(2.92)  26.49(4.42)  486.24(81.10) 6.61(1.10) 4.42(0.74) 599.59
14.27(10.60)  1.83(1.36)  16.28(12.10) 26.88(19.97)  72.85(54.12) 2.51(1.86) 134.62
31.70(6.35)  16.72(3.35)  179.81(36.04) 20.40(4.09) 3.92(0.79)  246.38(49.38) 498.93

2010 1 692.90 712.31 6 681.83 1351.56 158.74 485.67
1995 2010 (hm?) ( )

1995 (%)
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Table 7 Single and comprehensive dynamic changes of land use in
7 Quanzhou City
(K)
1995— 2000— 2005— 1995—
2000 2005 2010 2010
19952010 ~1.47 ~1.69 ~1.49 ~1.43
-0.15 —-2.55 -0.53 -1.05
8.39 -0.29 0.10 -0.28 -0.16
—0.14 10.21 5.14 3.79 8.39
1.91 0.40 0.71 1.05
-1.71 0.47 0.92 -0.14
7.87 5.18 3.85 6.11
7
1995—2000 15
10.21
1995—2000
7.87
—-1.47
2000—2005 24
8 1995—2010
5.14 1995—2000 1995
225.78 2010 235.31
-2.55 R
1.69
2005—2010
3.79 5 ALy, R AL,, R
1995—2000 4.45
0.019 7
*8 M EFAEESSHEHRELL
Table 8  Land use intensity index and its change in Quanzhou City from 1995 to 2010
L, ALy, R
1995 2000 2005 2010  1995—2000 2000—2005 2005—2010  1995—2000  2000—2005 2005—2010
22578 230.24 232.81 23531 4.45 2.57 2.50 0.0197 0.0112 0.0107
2.5 2000 2005—2010 2000—
9 2005
9
(PD) 2005—2010 (AWMSI)
1995—2005 2005—2010
(SHDI)

(AWMPFD)  1995—
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(CONTAG)
( 9 (2005—2010 )
*9 RMMEUWERBEHFEFRTH
Table 9 Landscape index changes in Quanzhou City
NP PD AWMSI AWMPFD CONTAG SHDI
1995 7955 0.72 28.95 1.29 62.34 1.17
2000 9221 0.83 32.72 1.29 60.65 1.20
2005 11 388 1.02 37.35 1.27 59.18 1.21
2010 13781 1.24 35.81 1.27 58.77 1.23
S
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Fig.3 Comparison of comprehensive dynamic of land use among
Quanzhou City, southeastern, central and northwestern China
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3.2 Fig. 4 A three-dimensional representation of the urbanization
trajectory of Quanzhou City
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5 1995—2010
33
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GDP 1995 2010
GDP 3 1995—2000 1995—2010
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Fig. 5 Changes of population and areas of cropland and
construction land in Quanzhou City from 1995 to 2010
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Fig. 6 Changes of GDP and areas of cropland and construction
land in Quanzhou City from 1995 to 2010
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Table 10 Comparison of resident population and its increase rates in Quanzhou, Shenzhen and Dongguan, 1990—2010
() (%) () (%) () (%)
1990 573.44 167.78 195.62
1995 648 13.0 449.15 167.7 336.45 72.0
2000 728.07 12.4 701.24 56.1 644.84 91.7
2005 762 4.7 827.75 18.0 656.07 1.7
2010 812.58 6.6 1037.20 253 822.48 254
4 1995 19.45%
2010 15.26% 464.02 km”
2010 1995—2010
60% 15% 15 57.4%
1995 5.42% 2010

12.23% 15 757.55 km?



1207

Bigt: L EHEHE, EEFESBFHRFEK

Bt B¥¢(Kang-tsung Chang)#3ix 5 £ B f45 7 K F 332
% #3% Robert Gilmore Pontius Jr %% & & [R5, 4
Foal 5 uArite, toRdtene e e L. W
R

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

Lambin EF, Geist HJ. Land-use and Land-cover Change:
Local Processes and Global Impacts. Berlin: Springer-
Verlag, 2006: 1-222

Matson PA, Parton WJ, Power AG. Agricultural intensify-
cation and ecosystem properties[J]. Science, 1997, 277(25):
504-509

Turner II BL. Local faces, global flows: The role of land
use and land cover in global environmental change[J]. Land
Degrad. Rehab., 1994, 5(2): 71-78

Meyer WB, Turner II BL. Land-use/land-cover change:
Challenges for geographers[J]. GeoJournal, 1996, 39(3):
237-240

Thompson AW, Prokopy LS. Tracking urban sprawl: Using
spatial data to inform farmland preservation policy[J]. Land
Use Policy, 2009, 26: 194-202

Dewan AM, Yamaguchi Y. Land use and land cover change
in Greater Dhaka, Bangladesh: Using remote sensing to
promote sustainable urbanization[J]. Applied Geography,
2009, 29: 390401

El-Raey M, Fouda Y, Gal P. GIS for Environmental
assessment of the impacts of urban encroachment on
Rosetta Region, Egypt[J]. Environmental Monitoring and
Assessment, 2000, 60: 217-233

Hadeel AS, Jabbar MT, Chen XL. Environmental change
monitoring in the arid and semi-arid regions: a case study
Al-Basrah Province, Iraq[J]. Environmental Monitoring
and Assessment, 2010, 167: 371-385

Malaviya S, Munsi M, Oinam G, Joshi PK. Landscape
approach for quantifying land use land cover change
(1972-2006) and habitat diversity in a mining area in
Central India (Bokaro, Jharkhand) [J]. Environmental
Monitoring and Assessment, 2010, 170: 215-229

Turan SO, Kadiogullari Al, Giinlii A. Spatial and temporal
dynamics of land use pattern response to urbanization in
Kastamonu[J]. African Journal of Biotechnology, 2010,
9(5): 640-647

Donnay J, Barnsley MJ and Longley PA. Remote Sensing
and Urban Analysis[M]. London: Taylor & Francis, 2001
Richer M, Weiland U. Applied Urban Ecology: A Global
Framework[M]. Chichester: Wiley-Blackwell Publishing Ltd.,
2012

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

Banzhaf E, Netzband M. Monitoring urban land use
changes with remote sensing techniques[A]// Richer M,
Weiland U. Applied Urban Ecology: A Global Frame-
work[C]. Chichester: Wiley-Blackwell Publishing Ltd.,
2012: 18-32

, , , , .20 90

M].
,2005: 1-613
) ) , .21
[J1. , 2009,

26(12): 1411-1 420
Xu K, Kong CF, Liu G, Wu CL, Deng H B, Zhang Y,
Zhuang Q L. Changes of urban wetlands in Wuhan, China,
from 1987 to 2005[J]. Progress in Physical Geography,
2010, 34(2): 207-220
Luo J, Wei YHD. Modeling spatial variations of urban
growth patterns in Chinese cities: The case of Nanjing[J].
Landscape and Urban Planning, 2009, 91: 51-64

M].
,2008: 1-543
. /
[D]. : , 2006
— [J1.
, 2005, 20(1): 16-19
, , GIS RS
0. , 2003, 12(4):
423-426
1. ,2013,32 (11): 2 041-2 054
/ [M]. :
,2009: 1-151
— 0. , 2000,
20(3): 229-239
, . ).
, 1999, 18(1): 83-89
RS GIS S
[D]. : ,2010
, : 30
[]. , 2009, 5(11): 670-676
. , . GIS
0. , 2002, 6(3): 223-228
S 1. , 1987

(2): 34-38
Quan B, Xiao ZK, Romkens MJM, Bai YJ, Lei S.
Spatiotemporal urban land use changes in the changzhutan
region of Hunan Province in China[J]. Journal of Geographic
Information System, 2013, 5(2): 136-147
Quan B, Romkens MJM, Bingner RL, Momm H, Wilcox D.
Changes in spatiotemporal land use patterns in selected
hydrogeomorphic areas of China and the USA[J]. Interna-
tional Journal of Geosciences, 2013, 4(3): 537-548

[M].

,2010: 1-220

Seto KC, Fragkias M, Gbneralp B, Reilly MK. A meta-



1208 47

analysis of global urban land expansion[J]. PLoS ONE, urban land expansion and its driving factors in Shenzhen
2011, 6(8): €23777 and Dongguan, China[J]. Habitat International, 2014, 43,
[34] Chen J, Chang K, Karacsonyi D, Zhang X. Comparing 61-71

Land Use Change and Regional Comparison of Quanzhou City

QUAN Bin"?, SONG Hui’, LI Chao-kui', REN Hong-ge*, GUO Tao’, BAI Yi-jun®, LEI Shi’

(1 National-Local Joint Engineering Laboratory of Geo-Spatial Information Technology, Hunan University of Science and
Technology, Xiangtan, Hunan 411201, China; 2 School of Architecture and Urban Planning, Hunan University of Science and
Technology, Xiangtan, Hunan 411201, China)

Abstract: Urbanization in China developes fast in recent decades. Land use/cover change (LUCC) is the key reason
causing the evolution of Quanzhou City’s eco-environment. Therefore, quantitative analysis for the spatiotemporal patterns of
Quanzhou’s urbanization can provide not only theoretical basis for future regional environment assessment, but also scientific
basis for the construction of Western Taiwan Straits Economic Zone and geopolitical strategy “One Belt One Road”. However,
due to the complexity of urban LUCC and the restriction of multi-disciplinary integration, the inter-regional land use quantitative
analysis based on remote sensing imagery interpretation is relatively immature. This study adopts Geographic Information System
(GIS) and the remote sensing method, with the land-use data of 1995, 2000, 2005 and 2010 recorded from remote sensing images
as main data sources, to comparatively study the land-use quantitative characteristics, dynamic and change process of Quanzhou
City in Fujian Province, China with the views of cross region in the latest 15 years. The results showed that in 2010, as the main
land use types in Quanzhou City, forest land and cropland accounted for 60% and 15% of the total area respectively. Our data
show that constrction land in Quanzhou City increased more than twofold from 1995 to 2010, the areas of cropland and forest
land decreased distinctly and about 57.4% of the converted cropland became into constrction land. Most urban land expansion
concentrated in the coastal areas, including the city districts and areas with the dominance of labor intensive industries. The
comprehensive dynamic degrees of each period were 7.87, 5.18 and 3.85 in a descending order; correspondingly, the land use
degree showed a decreasing tendency of being tense at first but loose afterwards in the different periods. According to
contemporaneous trans-regional comparative analysis, the comprehensive land use dynamic degree of is 5.8 for Quanzhou City,
5.5 for Changzhutan region of Central China, 11.3 for Xiamen, and 1.79 for Liupan Mountain Region of southern Ningxia, which
reveals a decreasing tendency from Eastern and Middle China to Western China, and this is related to the economic development,
periodicity and regionality of land use. Although urban land expansion in Quanzhou City is remarkable since 1995, it falls behind
Shenzhen and Dongguan in the Pearl River Delta, the most populated and developed regions in China. Geographic location and
population growth are the main driving factors. From 1995 to 2010, Quanzhou’s landscape became increasingly more diverse in
land use, more fragmented in the structure and more complex in shape. Number and structure of population, economic
development and the national policies of developing Western Taiwan Straits Economic Zone are the main driving forces that
influence the regional land use. Therefore, the major taskes ahead will be the better control of urban expansion in the eastern and
central region, and better coordination of allocating land to different uses.

Key words: Land use/land cover change (LUCC); Urbanization; Geographical information system; Cross-regional

comparison; Quanzhou City



