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Fig. 1 Geo-spatial indices for measuring urban sprawl in Beijing
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Tab. 1 Definition of geo—spatial indices for measuring sprawl in Beijing
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Fig. 4 The calculation result of horizontal density index and vertical density index
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Fig. 7 Measurement result by urban sprawl integrated index

4 digSitie

AR SCHRE I T T P S (R] 5 B AR A Sl & HE I R T 0L NI YT RIS | YT RE Ak
RN (4 SR W0 A T5 AT T AR AU AT S A L AR R, AR B
o SE B HAT U] B RE A AN R A S = RAFRORLIE S, AESIT A AR
T e M BRER AT R R AR W 37 R AR5 B 5 7 9 A A Sl 80 P M 0y 8 35 % A 7 R
AREAR, I HBT RS M i A R R 2R T K SR T A S, 7R AR AR
Sl T A S P R ) B M R T A ﬁﬂi?ﬁc A, XAl PR AT AR T AR



656 Bl 62 %

BFMOEEN, SAORUL, e s BRI 2> HE R A
b2k 5 8RB X E A T N e N B 2 R DB A SR Y RS R R A
YR SR 1 Sk B AT S S HE R BT AR B AR O R o BRI SE T MO A | SR
A P R T 3t 1) 25 G Bk BRSO K

7S SCHRE HH ST A SO R ) M B S ()RR AR AR AR T LA R A 5 DX R T E A
s8] 2 5 Horp ) 37 IR 25 75 T A 45 A B A0 Sl Sk T3 g g s RS, b
BEBR TR/ AR F5 BB 4 S RO JR AR 2 AL TT R 4R 8, 2% ST 48 BOMT B R
ATF L b B Ry A LI — EUE 46 bn L1 5 S M i = B 4 5 I A L)
Bl 7 RERCRTT W 46 br e — € T B OB NI 2 B 2 G Kodle 9 s 1) A A 48 2%
R, BT 22 IR FERIORE Y 78 S5 FR A0S 6] AR R A RERBORT B, R GDP B4 it K dls
FRFIXCEL OB X T2 5% 7 25 18] 22 53 1) 220 im0 b AN 5873 4 & 1) S0 1852 Wi 435 A vl L3R
by M B A ST 2 S T R B (EUR IR A AR A — S AN 0 | ] G ST A X fE IR
THFERZ M, i T 0OA 2 G ROME DU A 21 2 8] JZ 1 b ST R G 98 A I 2 3k 1l & A
F i B s TR FE AR AR AR

S EZ X H# (References)

[1] Zhang Bo. Study on Urban Growth Management in China. Beijing: Xinhua Press, 2004. 56-57. [k 3. B 17 o 4 4%
HOFSR. dbat: e iR, 2004, 56-57.]

[2] Liu Shenghe. Spatial pattern and dynamic mechanism of urban land use growth. Progress in Geography, 2002, 21(1):
43-50. [X L. ST b A R s A5 Sl D pL. AR R T, 2002, 21(1): 43-50.]

[3] Sun Chengren. Smart growth, the future of Chinese cities. Ministers and Governors Forum, 2003-11-29. [#h i { . 4% B
e I EIR T R Ak, T EAA KB 1, 2003-11-29.]

[4] Yan Jinming. Land resource management calls for rational notion. People's Forum, 2005, (6): 40-41. [™4: B, 4 i35 ¥
WA PR 4. N RGIB IR, 2005, (6): 40-41.]

[5] Liu Shenghe, Wu Chuanjun, Shen Hongquan. A GIS-based model of urban land use growth in Beijing. Acta
Geographica Sinica, 2000, 55(4): 407-416. [ X B, ZALH), Pt iR, 5T GIS m9db a7 - MR & s =0 Hb 2 2%
fiz, 2000, 55(4): 407-416.]

[6] Zong Yueguang, Zhou Shangyi, Zhang Zhenshi et al. Spatial characteristics of suburbanization and its developing
strategies in Beijing. Acta Geographica Sinica, 2002, 57(2): 135-142. [52 8K, & &, sk4R it 25, Jb gt 281k 2% fa)
TR & Xt . i FE A4k, 2002, 57(2): 135-142.]

[7] Xu Xiaoli, Shi Peijun, He Chunyang. The urbanization process comparison of Beijing and Shenzhen. Advance in Earth
Sciences, 2002, 17(2): 221-229. [#&/NE, G2, i 4 BH. AU L AERIIR 7 4k LU BEBF 52, Bk 27 HEJE, 2002, 17(2):
221-229.]

[8] He Chunyang, Chen Ji, Shi Peijun et al. City expansion model of metropolitan area in China: A case study of Beijing.
Acta Geographica Sinica, 2003, 58(2): 294-304. [{i] £ FH, BRTT, S 8522 45, AR Xkl d A A8 DLJb o kil i
MDA ). M EE 24T, 2003, 58(2): 294-304.]

[9] Sierra Club. The Dark Side of the American Dream. Research Report, 1998. http://www.sierraclub.
org/sprawl/report98/report.asp.

[10] USA Today. A comprehensive look at sprawl in America, 2001. http://www.usatoday.com/news/sprawl/main.htm.

[11] Reid Ewing, Rolf Pendall, Don Chen. Measuring sprawl and its impacts, 2002. 1-42. http://www.smartgrowthamerica.

org.

[12] Nelson A C. Comparing states with and without growth management: Analysis based on indicators with policy
implications. Land Use Policy, 1999, 16: 121-127.

[13] Kline J D. Comparing states with and without growth management analysis based on indicators with policy
implications comment. Land Use Policy, 2000, 17: 349-355.

[14] Gerald Shoultz. ASPH/CDC Fellow, National Center for Health Statistics. Measures of sprawl applied to urban and
rural areas, and cardiovascular disease mortality: A Bayesian spatial analysis. Population Association of America
Annual Meeting Report, 2005. 1-3.

[15] Paul M Torrens, Marina Alberti. Measuring sprawl. Working Paper Series of Centre for Advanced Spatial Analysis,
2000. 1-43.



6 341 W7 AF . LRI & S A S O3 B 657

[16] George Galster, Royce Hanson, Hal Wolman et al. Wrestling sprawl to the ground: Defining and measuring an elusive
concept. Working Paper of Fannie Mae, 2000. 1-38.

[17] Edward Glaeser, Matthew Kahn, Chenghuan Chu. Job sprawl: Employment location in U.S. metropolitan areas. Survey
Series of Center for Urban & Metropolitan Policy, The Brookings Institution, 2001. 1-8.

[18] Carlo Lavalle, McCormick N, Kasanko M et al. Monitoring, planning and forecasting dynamics in European Areas: The
territorial approach as key to implement European policies. Technical Report of MOLAND Program, 2002. 1-8. http:
//moland.jrc.it/

[19] John E Hasse, Richard G. Lathrop. Land resource impact indicators of urban sprawl. Applied Geography, 2003, 23:
159-175.

[20] F Patrick Holmes. Rockies sprawl index. Annual Research Report of the Rockies Project, 2005. 61-70. http://www.
coloradocollege.edu/.

[21] Marjo Kasanko et al. Are European cities becoming dispersed? A comparative analysis of 15 European urban areas.
Landscape and Urban Planning, 2006, 77: 111-130.

[22] Huang Yue, Chen Xi, Bao Anming et al. Urban sprawl pattern and spatial features of Urumgqi City during the last 15
years. Journal of Glaciology and Geocryology, 2006, 28(3): 364-370. [#% %, BRI, f1 %M %5, 3T 15 4F 58 A 571
T R B A KA AR AR 5. vk IR £, 2006, 28(3): 364-370.]

[23] Liu Shenghe, Wu Chuanjun, Shen Hongquan. A GIS-based model of urban land use growth in Beijing.. Acta
Geographica Sinica, 2000, 55(4): 407-416. [X#&HI, FAL 4, Pt R, 36T GIS AL s 0l + Ho F) B R A=, b 28
24, 2000, 55(4): 407-416.]

[24] Xiao Jieying, Ge Jingfeng, Shen Yanjun. Analysis on urban land use sprawl by using GIS: The case of Shijiazhuang
city, China. Geographical Research, 2003, 22(6): 789-798. [ M HE#, & a0 X, ILER 4. 5T GIS AA K ET il +
R R 43 BT s B 5Y, 2003, 22(6): 789-798.]

[25] Chen Longgian, Guo Dazhi, Hu Zhaoling. Research on spatial differentiation of urban growth using multi-temporal
landsat thematic mapper satellite remote sensing images. Journal of China Coal Society, 2004, 29(3): 308-312. [ J&
W, FRIRAR, WA AR WY R AT ] 4 50 2 i A TM 8 Y. IR R, 2004, 29(3): 308-312.]

[26] Fan Zuojiang, Cheng Jicheng, Li Qi. Study on urban growth by using RS and GIS analysis. Remote Sensing
Information, 1997, (3): 12-16. [{UAEIL, AK4k A, 45 5. &R S FLE B R G M S & IR R 5. 8 R E A,
1997, (3): 12-16.]

[27] Chen Benqing, Xu Hanqiu. Urban expansion and its driving force analysis using romote sensed data: A case of Xiamen
city. Economic Geography, 2005, 25(1): 79-83. [BRAS ¥, MRk, Wil fe K H 9K gh Jy 3@ @& o br: LA T ). 28
Ui EE, 2005, 25(1): 79-83.]

[28] Zhang Liquan, Wu Jianping, Zhen Yu et al. A GIS-based gradient analysis of the urban landscape pattern of Shanghai
metropolitan region. Acta Phytoecologica Sinica, 2004, 28(1): 78-85. [ik A4, 5 {dF, Wiek %5, 3T GIS i L 1i
SOULKS JE B0 B 23 BT A A 25 4, 2004, 28(1): 78-85.]

[29] Zhu Ning, Wang Jiandi. Spatial configuration change of urban growth in Hangzhou. Zhejiang Economy, 2005, (16):
59-59. 4T, B, BUMNIMTT IR A B SRR R. W7 VLZE T, 2005, (16): 59-59.]

[30] Yang Yingbao, Jiang Nan, Su Weizhong et al. Dyanamics of landscape ecology in Nanjing city revealed by RS and
GIS. Resources and Environment in the Yangtze Basin, 2005, 14(1): 34-39. [# 3£, VL0, JhfhiE 4 RS 5 GIS ¥
A R T RO S B AR AR AT T YT TR S B, 2005, 14(1): 34-39.]

[31] Richard Moe. National Trust for Historic Preservation, from Communities at Risk: The Consequences of Sprawl.
Beijing: Xinhua Press, 1993. [SKi. HFE WO A BT ST, Jb st e ik, 2004, 60-62.]

[32] Ewing R. Is Los Angeles-style sprawl desirable? Journal of the American Planning Association, 1997, 63(1): 107-126.

[32] Downs A. How America's cities are growing: The big picture. Brookings Review, 1998, 16(4): 8-12.

[33] Burchell R W, Shad N A. The evolution of the sprawl debate in the United States. West Northwest, 1999, 5(2):
137-160.

[34] XinHua Net. Beijing Channel, Beijing Introduction. [ #7 & [ bt 50 4% i . db 52 #% %8 ] http://www.bj.xinhuanet.
com/bjpd-whsd/sq.htm

[35] Beijing Statistics Bureau, Survey Office of the National Bureau of Statistics in Beijing. 1% Sample Population Survey
Report in 2005. http://www.bjstats.gov.cn/ [db 5t T g it R, F K G0 JR Ik 50 A BB, 2005 4516 5t 1% A H Al FE i
EOE RS E A

[36] Beijing Statistics Bureau, Survey Office of the National Bureau of Statistics in Beijing. Beijing National Economy and
Social Development Report in 2005 and Tenth Five-Year Plan. http://www.bjstats.gov.cn [t 5 i 48 i1 5 F K 48 i1 R
A6 A BN, AT 2005 458 b ) R 4 R 2 R R AT A R



658 Ho B 2 62 %

Measuring Urban Sprawl in Beijing with Geo-spatial Indices

JIANG Fang"?, LIU Shenghe', YUAN Hong"?
(1. Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China;
2. Graduate School of the Chinese Academy of Sciences, Beijing 100039, China)

Abstract: Concerning the rapid urban land growth in recent China, this paper takes the urban
growth during 1996 to 2004 of Beijing as a study case, and indicates that urban sprawl can be
identified or measured through growth configuration, urban growth efficiency and its impacts
of urban growth. It then identifies a geo-spatial indices system for measuring sprawl in
Beijing, covering six factors of population, economy, land use, agriculture, environment and
urban life quality, a total of 13 indices in all. Specifically speaking, patch area index (Al),
patch shape index (SI), discontinuous development index (DDI), strip development index
(SDI), leapfrog development index (LDI) and planning consistency index (PCI) are introduced
for measuring spatial configuration of urban growth; horizontal density index (HDI), vertical
density index (VDI), population density index (PDI) and GDP density index (GDI) are
developed for measuring efficiency of urban growth; arable land impact index (AIl), open
space impact index (OII) and transportation impact index (TII) are used for measuring impacts
of urban growth. In order to calculate these 13 indices, different sources data are selected,
including land use maps from update survey made by Beijing Bureau of Land Resources,
former version of land use master plan, land price and floor-area-ratio samples from land
transactions bulletin, digitized map of the transportation lines and county centers, population
statistics from the fifth national census and GDP statistical data from Statistical Yearbook, etc.
Various GIS spatial analysis methods are used to spatialize theses indices into 100mx100m
cells, including overlay, interpolation, neighborhood statistics, distance analysis, etc. Besides,
an integrated urban sprawl index is calculated by weight sum of these 13 indices, by which
the newly developed land patches are classified into four types: rational development,
low-grade sprawl, moderate sprawl and high-grade sprawl.

The application result indicates that geo-spatial indices system can capture most typical
features and interior differentia of urban sprawl. Construction land in Beijing has kept fast
growing with large amount, low efficiency and disordered spatial configuration, which
indicates a typical sprawling tendency. The following specific sprawl features are identified by
each index. (1) Typical spatial features of sprawling: obvious fragmentation and irregularity of
landscape due to unsuccessful enforcement of land use planning; unadvisable pattern of land
use growth with typical discontinuous development, strip development and leapfrog
development. (2) Low growth efficiency of sprawl: low density of land use growth, low
population density and economic output on newly developed area. (3) Other negative impacts
on agriculture, environment and city life. According to the integrated sprawl index, sprawling
amount in the northern part is larger than that in the southern, but the sprawling extent is in
converse case; most sprawling areas include the junctions of near suburbs and outer suburbs,
the places along or between highways, etc. Four sprawling patterns are identified: randomly
expansion at urban fringe, strip development along highways, scattered development of
industrial land, leapfrog of urban residence and industrial area.

Key words: urban sprawl; measurement; geo-spatial indices; Beijing



