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ABSTRACT:

The gradient based landscape metrics analysiswswidely used to study the landscape pattern chamgespond to urbanization.
In order to discover the Beijing metropolitan areadscape pattern spatial and temporal change tdumitsg the past 15 years,
several landscape metrics are computed along an96rg transect crossing Beijing metropolitan areanfwest to east. Specially,
the spatial extent issue was profound examinedhéngradient analysis. The temporal land use dataase derived from three
Landsat images got by year 1992, 1999 and 2006r&hdts show that the metrics varied smoothly ragilarly along the land use
transect when the window is large, while fluctuateelgularly when the window is small. The spa#iatl temporal characteristics of
the metrics well match the hypothetical framewoflsgatio-temporal urban sprawl in the form of alting processes of diffusion
and coalescence. Some new trends of the urban Isgtyes in Beijing metropolitan area are also detddby gradient landscape

metrics analysis.

1. INTRODUCTION

The process of urbanization is a universal phenomedaking
place the world over, and has increasingly becomajar issue
facing many metropolitan areas. Although a geneoalsensus
regarding the definition and impact of urban spréwak not
been achieved (Johnson, 2001), Urban sprawl is oéerred
to as an extent of metropolitan areas into adjacemal
landscapes that increases traffic problems, depléteal
resources, and destroys open space (Peiser, 200t).the
global increase of urbanization, pressure on lasdability for
urban use will increase. These land cover convessigsually
compete with agricultural activities. In areas weharbanization
is not controlled, especially in developing couegri the
concentration of human presence in residential iaddstrial
settings may lead to an alteration of ecosystentterpa and
short of food (Grimm et al., 2000). It is critically important to
properly characterize urban sprawl in order to tgvea
comprehensive understanding of the causes andtseffefc
urbanization processes.
information system (GIS) aided quantitative lang&catructure
analysis has become a trend in urban sprawl studies

Landscape structure refers to the spatial relatipnamong the
distribution of energy, materials, and specieseiation to the
sizes, shapes, numbers, kinds and configurationsthef
ecosystems; this structure is critical to landstagEsystem
function and habitat quality (Turner, 1989; Li dt, £001).
Investigating landscape structure and its changepierequisite
to the study of ecosystem functions and processesainable
resource management, and effective land use plgnkirban
sprawl is arguably the most dramatic form of
transformation that profoundly influences biologichversity

land

and human life. Quantifying landscape pattern @&ndhange is
essential for the monitoring and assessment of ogizal
consequences of urbanization. Landscape metrickicés) are
numeric measurements that quantify spatial patigrof land
cover patches, land cover classes, or entire lapdgsmosaics of
a geographic area. Numerous landscape metrics haea
developed to quantify landscape structure and alpati
heterogeneity based on landscape composition and
configuration (McGarigal and Marks, 1995). This danape
metrics make quantify landscape pattern of urbahisnchange
possible. Many articles have used landscape mdtiemalyze
the urban sprawl (Herold et al., 2002, 2003; Weilgt2006).

Remote sensing provides spatially consistent data st
cover large areas with both high spatial detail igth temporal
frequency. Remote sensing can also provide consisten
historical time series data. Batty and Howes empkdsthe
importance of remote sensing as a “unique viev'the spatial
and temporal dynamics of the processes of urbawtgrand

Remote sensing and geographand use change. Satellite remote sensing hasutismized the

process of measuring urban land use during the tlaste

decades (Longley and Mesev, 2000). GIS aids irutatiag the

landscape metrics such as fragmentation, patchipesesity,

patch density, interspersion and juxtapositioratie$ richness,
diversity, and dominance in order to characteriaedscape
properties in terms of structure, function, andnge(ivco et al.,
2002). Modelling the spatial and temporal dimensibas been
an intense subject of discussion and study forophbjphy,

mathematics, geography and cognitive science (Clamamand

Jiang, 2001).
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The spatial pattern of land use reflects underlymgman
processes and influences the ecology of urban amwient
(Redman, 1999; Bastian, 2000). Humans have the yaldit
greatly modify their environment, which tends tocriease

landscape fragmentation by generating more and leamal

patches. To relate the spatial pattern of urbaioizatto
ecological processes, quantitative spatial analysthods are

needed. Forman and Godron (1986) postulated thtth pa

characteristics exhibit generally predictable pagealong a
landscape modification gradient (i.e., natural—nggob—
cultivated—suburban—urban). Besides the spatiatstral of
the urban pattern, the temporal characteristicheflandscape
always discuss with the spatial domain at the stime. By
focusing either on the spatial transects or ontehgporal trend
alone, studies would fail to address the spatiotzaiglynamics
of landscape change in response to urbanizatiom§\2007).
For example, a hypothetical framework of spatiofieral
urban sprawl in the form of alternating processesliffusion
and coalescence was postulated by Dietzel et @052 One
systematically effective approach to analyze thfecef of
urbanization on ecosystems is studying the changks
ecosystem patterns and processes along an urbarmato-
gradient (McDonnell and Pickett, 1990). Since tlenbined
method of urban gradient analysis and landscapeianan
analyzing the changes of landscape pattern inttemudy
Luck and Wu (2002), it has been widely applied tham
sprawl study (Hahs and McDonnell, 2006; Yu and R@Q7;
Kong and Nakagoshi, 2006; Weng, 2007). In gradaeratlysis,
a transect line is selected as an axis and a winadibkv fixed
size moves on it for landscape metrics calculatidre window
size provides the landscape extent for computieglahdscape
metrics. The landscape scale issue is a long diEougroblem
because its importance for quantifying landscape. [@ndscape
scale encompasses both extent and grain. For gtaahalysis,
the extent choice will affect the accuracy. Theeaktselection
of gradient analysis is arbitrary in most studylydittle articles
mentioned it but not given systematically reseg(laick and
Wu, 2002).

In this study, three landsat images and a trangesising the
urban core from west to east was select to anahgéandscape
pattern of the urban sprawl. We integrated gradamlysis
with landscape metrics to quantitatively charaztetandscape
pattern and its spatio-temporal change. We aimedduiress
several questions: (1) do there exist mutation asfdscape
metric on the study transect (the mutation on &aenwill help

us to discriminate landscape spatial change)? (®ther the
urbanization process change its style in studyopeand this
can be detected by using the gradient analysislamdscape
metrics combination method? (3) can the experinhatata fit

hypotheses on landscape structural responses aldmgman
modification gradient and the spatio-temporal diffun and
coalescence framework .

2. METHOD
2.1 Study area and sample design

Beijing city as the capital of china is experiencingpid
development in recent decades. Especially the Be{itympic
game greatly stimulates the urbanization procesheBeijing
metropolitan area. The obvious characteristic bfnization is
that none built-up land use types such as agrialtforest,
water transform to built-up. The total populationthin the
administrative boundary of the city reached 12.lilion in

1997 from 9.45 million in 1984 and the built-up arbas

extended from 366 km2 in 1984 to 488 km2 in 199t

Statistical Bureau of China 1985, 1998), indicatingr@wth of
one third in area and population within the citheTsprawl of
Beijing city is mainly presented in three forms: ambcore
spread; expanding along growth axle; urbanizationuiban

fringe. These radical change have aroused the ooméenany

researchers, and enough literature have discusaioout
urbanization process of Beijing metropolitan areagiClet al.
2000; He et al. 2006; Xie et al. 2007; He et aD&0
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Figure 1. Study area and designed transect

The transect we selected was 96 km long, spanmorg bne
rural area to the urban area and on to the othrat anea from
west to east crossing the entire Beijing metropolirea
(Figure 1). The urban center represented by Tiaean8guare
was about 40 km away from left side along the ®ahsTo
preserve the urban expansion continuity, part ef tilansect
extends to Hebei province in eastern. Along thenseat,
moving window with size 6 km x 6 km was used tatiogt the
study area into sub landscape. The moving windowalf sizes
moved 3 km at each step, to minimize the jumpintanfiscape
along the transect. So there were 31 blocks fodauinsize at 6
km x 6 km.

2.2 Dataprocessing
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Figure 2. Landuse maps derived from 1992, 19992806
Landsat images

Three Landsat TM/ETM scenes over Beijing (path 12®; 32)
were acquired on 7 September 1992, 1 July 1999, Zzhd
September 2006 respectively. Four land use typesst, built-



up, agriculture and water were then
supervising imagery classification for later larase analysis
(Figure 2). The accuracy Land-use map derived ftamdsat

data decided by classification procedure. The divacauracies

for 1992, 1999 and 2006 are 92.67%, 88.60% and194.4
respectively.

2.3 Landscape metricsanalysis

To detect the spatio-temporal dynamics of landsqattern for
the study transect, landscape metrics were thesuletéd for
each block at the class and landscape levels ubmgaster

recognized gusinhappened in east part. Comparing the contagion siuforethe

three years, we can see that the urban core ateadex and
the suburban area also extended. The Shannon’sidyvimdex

(figure 3e) just is opposite to contagion metridprms an “M”

shape along the transect. From it we can alsoyeadliwhere is
urban core, where is suburban and where is rural.

The patch density metric (figure 3a) shows highrease at 15
km in west at year 2006, and this area is prevémminated by
forest. In east, the patch density values at yé@62and 1999
are higher than year 1992 between the 55 km arldri/5vhich

caused by more spot built-up area happened in egrigulture

version of FRAGSTATS program (Version 3.3). A set ofjand. The area coefficient of variation metric (fig 3b) at

landscape metrics was used for this study, inctugiercentage
of landscape (PLAND), Shannon's diversity index DB
patch density (PD), contagion(CONTAG), area coedfitiof
variation(AREA_CV) and perimeter-area fractal diniens
(PAFRAC) . The PLAND and SHDI are indicators of lacajse
composition while PD, CONTAG, PAFRAC and AREA_CV
are indicators of landscape fragmentation. The firstric was
used to examine class-level properties while theerst were
used to examine the landscape-level properties.

3. RESULTSAND DISCUSSION

Figure 3 shows the metrics derived at the windae §i km x 6
km for year 1992, 1999, 2006. When the curves dfiosego
smoother with the window size bigger than 6 km kn§ we
can see clear ups and downs of the landscape nuetnes
along the study transect. The ups and downs ofesushow
good regularity to the landscape pattern. Along thedy
transect, the landscape experiences the change whode

urban fringe from 0 km to 15 km in west increasédiously

for these areas got more fragmentation, and thueees of year
1992 and 1999 staggered in urban core area. Tlraqier-area
fractal dimension metrics range from 1.13 to 1.4 dt is

difficult to examine its temporal and spatial paitefigure

3c).The Percentage of built-up (figure 3f) représehe land-
cover ratio occupied by built-up. From the figufewe can see
that the newly built-up most happened in east urframge

ranged from 50 km to 75 km. This is because thd wag of

the study area is dominant by mountain forest, Wwisiems the
urban expansion toward west. The east part is ndiat

agriculture land which is suitable for urban constion.

Comparing the landscape curves getting from thréferent
periods of all metrics, we can see that, tempdnahge of the
landscape mainly happened in east part of the stahgect,
such as PLAND, SHDI and CONTAG metrics, this refietttat
the urban expansion and the built-up increase maiappened
in east part. Comparing the metrics curves tempdrahge at
east part, the curves get gentle and mutation geinbluer, this

rural—suburban—urban—suburban—rural  landscape fypegjye to urban expansion style is changing. The ueb@ansion

and these ups and downs reflect the landscaperpattange
along the transect. Obvious mutation points happenthe
curves of SHDI, PD, CONTAG, and AREA_CV metrics far al
years. The most consistent mutation points forediffit metrics
happened at 12 km and 60 km along the transechawe a bit
difference for different year. These mutation psinare
considered as suburban with extremely high landsc:
turbulence, and with the urban expansion procésset points
move on deviation direction of the city center. Tétreme
values happened between 30 km and 45 km are coedids
urban core which is dominated by onefold impervipatch.

The contagion and Shannon'’s diversity index areelyidsed to
delineate the urban expansion induced high fragatient The
contagion gets high value when landscape is siraphk low
value when landscape is complex. The contagion bighk
value at urban core and rural, while gets low vatieirban
fringe. So when the analysis transect crosses uabaa by a
whole rural—suburban—urban—suburban—rural stripee t
contagion forms a “W” shape (figure 3d ). From emibn
curve at 1992, we can see two sharp bottoms. Thetems
and area with low value around them are consideasd
suburban which reflects high landscape turbuleacd,the area
between the two bottoms with stable high valuecamsidered
as urban core. However, this situation changes @99 land
2006 curves, the bottoms get blur and wide, esjhedre east
part of the curves. This is caused by urban expanpattern
style changing from center focus to leapfrog, ahd trban
fringe occupied large place. Due to natural coondgj the
urban expansion mainly happed at east part, se laugnber of
new built-up patches are most happening in eadt gfathe
transect. This explains the bottom of the curvengkamainly

get looser at east part, different to the earlypeajng near the
urban core style, newly built-up often happenedafarny from
the already built-up. This leap-frog developmenthod makes
the pattern of suburban looser and area of itlsrged.
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Figure 3. Temporal change along the transect adavinsize
6kmx6km: (a) patch density, (b) area coefficienvafiation, (c)
perimeter-area fractal dimension, (d) contagiopSfeannon’s
diversity index, (f) Percentage of built-up.

4. CONCLUSION

In this study, we put forward a gradient analysistloe Beijing

metropolitan area. A transect cross the city byhales rural—

suburban—urban—suburban—rural landscape stripeused.

To test different landscape metrics ability to dedte the
gradient change of landscape along the selectedecs six
metrics: percentage of landscape, Shannon's diyersiex,

patch density, contagion, area coefficient of waria and

perimeter-area fractal dimension were selected ctvesee that
the patch density, contagion and Shannon’s diyerisitlex

perform better, and metrics sensitive to detailrabizristics or
sensitive to extents change perform poor. This ggahat the
metrics selection is also important to gradientysis

From the transect based analysis of Beijing city,cae see the
urban expansion mainly happened in east part os#et and
the expansion style is gradual changing, howevéis t
information just extracts from a single transeatssr Beijing
city from west to east and other parts expansidarimation
ignored. The transect based analysis can onlytesor several
directions of the urban expansion, and the progctions
selection is very important. In general, we chotfse most
rapidly development direction to study. For mostty ci
developing process, the urban expansion style c¢af@o
represents by one or two directions. To furtherausthnd the
urban landscape pattern spatial distribution asdtémporal
change, new method should be developed to discowver
dimension landscape characteristics of the urbaaresion.
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