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ABSTRACT:

As a developing country, China is now undergoinguilqprocess of urbanization. Therefore, understapndnd managing the
urban environment is a prerequisite for addressirggainability, which is an increasingly importé&gue need a range of discipline
to cope with. This paper explored extraction of émyous surface information from Landsat ETM+ dafth the integration of
fraction images from linear spectral mixture analysased upon Ridd’s vegetation-impervious surfadlef¥-1-S) model. A new
approach for urban land-use classification, basethe combined use of impervious surface and smectixture analysis (SMA)
were applied in this paper. The minimum noise foactransform (MNF) procedure was applied to transf the six reflective
bands into a new coordinate set to select the émdimebers, e.g. high-albedo surface, low-albedfaiyr soil and vegetation..
Results showed that the integration of faction insaiggroved urban impervious surface estimation. iffygervious surface in the
urban area were derived from high-albedo surfackl@n-albedo surface. Accuracy assessment indightedhe root-mean-square
error is less than 10.2% for the impervious surfmecage. The main factors that affect the accuraeytle reflectance variation
caused by atmospheric factors, sun-sensor-targenetey. How to deal with these factors to minimigéectance variation will be
the future study topics. Also water body and shadee not addressed in this paper, which also nede tconsidered in the future

study.

1. INTRODUCTION

speed that have no parallel elsewhere in the w@iilh et al.,
2005). China owns the largest population (1.265dni)lin the

Urbanization is perhaps one the most important Mumaworld, of which 456 million (36%) live in cities dntowns

activities, creating enormous impacts on the emvirent at the
local, regional and global scales (Turner et &90Q). Although
urbanization, the form of land cover (built-up @ngervious
surface) occupies less than 2% of the global lamthse, many
evidence show that human disturbance due to uratmizhas
significantly altered the natural landscape (Grubl&994).
Therefore, understanding and managing the urbamoemrent
is a prerequisite for addressing sustainability,irmreasingly
important issue across a range of disciplines (Newn&
Kenworthy, 1999). Improving urban
classification accuracy has been an important igssugmote
sensing literature (Liu and Wen, 2004). Differepp@aches
have been applied, which include incorporation ebgraphic
data, census data, texture feature and structumepmiextual
information into remote sensing spectral data. Harrhore,
expert systems, fuzzy classification, and mergedtisensor
data for improving spatial resolution have been liedp
However, urban land-use/cover classification i atchallenge
with medium or coarse spatial resolution remotagsed data
due to the large number of mixed pixels and thectsake
confusions among different land-use/cover types.

Recent institutional changes, marketization and aletion
combined together have bought about new procedsasgal-
urban interaction, giving
settlements in china, especially after Chinese nefand open
policies were carried out since 1978. The latestional
population census conducted in 2000, revealed aalerated
rate of urbanization, characterized both by itdesemd change
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rise to new forms of huma

(State Council of China Office of Population Censu9130
Urbanization in China has speeded up, urban populathly
comprise 20% of the whole country population in298hile it
has reached 36% in year 2000. A net gain of 16% pd&ace in
less than 20 years, which cause a sharp contrdke qre-
reform era, when the urban population only incrdagel%
over 30 year period (Zhang and Zhao, 1998; Tiaal.e2005).
Rapid urban growth was mainly attributed to mignatiorm the
countryside to cities and town, the conversion frounal

land-use/cover gdministrative units to city units, and the natunadban

population increase, and all the driving force bartraced from
economic development.

The focus of this study is to examine urban OJpatterns
by SMA method based upon V-I-S model. Changchunn(Jil
provincial Capital city), the third largest city mortheast China,
has been chosen as the area of study. With ovér rillion
populations live in the urban area, the city is thation’s
automobile capital of the nation. 3 scenes Landddt and
ETM+ image since 1993 that covers the City were used
conjunction with other types of spatial data fag Hnalysis city
LULC for city expansion study. Specific objective$ this
research are: (1) employing V-I-S model to derimadscape
fractional components, and to apply them to charam the
urban expansion; (2) exploring the urban area esipan
process from 1993 to 2004 based upon V-I-S mod& an
analyzed the possible driving forces.
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2. STUDY AREA

Changchun is the capital and largest city of Jiliovince,
located in the northeast of China. It is the largesttre for
China's automotive industry. As of 2007, Changchus ha
population of 7.45 million, including counties andunty-level
cities. The urban districts have a total populatioi 3.58
million. Changchun has incredibly cold, long wintevih the
temperature dropping as low as -30°C; and the tesmyoer
sometimes goes up 35 °C in late July in summer. @tfam in
its present form is a new city with only about 2p€ars of
history. Figure.1 showed the urban expansion frd@¥d51to
1993. It expanded rapidly as the junction betwéenJapanese-

3.2 Determination of reflectance from TM and ETM +

The digital numbers (DNs) of the TM image were caned to
normalized exo-atmospheric reflectance measurésifiolg the
methods proposed by Markham and Barker (1987). The
calibration parameters for Landsat-7 ETM+ were ioleté from
the ETM+ data header (Irish, 1998). We assumed hgemsous
atmospheric conditions within the image, so no ajpheric
corrections were performed.

3.3 Spectral mixture analysis

Spectral mixture analysis (SMA) was utilized forocaating

owned South Manchurian Railway and the Russian-ownetfnd cover fractions within a pixel and involves deting a

Chinese Eastern Railway from 1905-1935. In 1932, Cttauny
became the capital of Manchukuo, which existed fa$81 to
1945. The city underwent rapid expansion in batheitonomy
and infrastructure. Changchun became the capitalilaf
Province, P.R China in 1954. As Changchun's main ingus
the manufacturing of transportation facilities amwhchinery
such as those of automobile, passenger train, @udot has
developed very well. Industries such as machinelggtronics,
optics, chemistry, medicine, textile, metallurgyuilBing
materials and foodstuffs all assume their own festuand
advantages.

N

A

land use in 1905

land use expanded during 1905 to 1932

land use expanded during 1932 to 1954

land use expanded during 1954 1o 1576 o 3 s

Land use expanded during 1976 1o 1990 [ ——]:&)

land use expanded during 19%0to 1993

Figure.1 The expansion of Changchun urban area 19086 to
1993

3. MATERIAL AND METHODOLOGIES
3.1 Landsat image processing

3 sub-scenes of Landsat 5 TM and Landsat 7 ETM+géma
(path 118/row 28, 29) of Changchun, China, whichu&egl on
the 23 August 1993, the 18 September 2000 and 2apugtu
2003, were used in this research. Images were gsedeby
Remote Sensing Ground Station, Chinese Academyieh&es
(RSGS). Possible geo-position errors due to teetHacts were
corrected using the ortho-correction method basedE&M,
which derived from digitized topographic map with5,000
scales. All images were rectified to a common Ursak
Transverse Mercator coordinate system. Bands 1 ghréuand
band 7 were utilized at a spatial resolution ofi80
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mixed spectrum as a combination of spectra for famd cover
types, called endmembers (Roberts et al., 1998). liflear
spectral mixture model describes the surface coitiposin
each pixel of an image using two to six endmemiffns an
ETM+ image). Each endmember represents a pure daver
type. The linear mixture model is:

N
R =2 fR; +e

=

1)
Where
N
D f, =1 andf, 20 @)
i=1
where Ris the reflectance for each band j in the ETM+dma
N is the number of endmembersisfthe fraction of endmember
i, Ry is the reflectance of endmember i in band j, and éhe

unmodeled residual. Model fithess is normally assé<dy the
residual term jeor the RMS over all image bands (M):

N
— 1/2
RMS=( Zl: e /M)

i=
The fraction of each endmember can be obtainedoplyimg a
least squares technique in order to minimize thmadeled
residual error ¢ given the constraints on As stated by Small
(2001), the linear mixture model may not be apgedprfor
applications in which only subtle spectral diffecen exist in all
sampled bands. In many applications, about thredotm
endmembers are chosen for simple linear mixture etsod
(Roberts et al., 1993; Small, 2001).

©)

3.4 Endmember selection methods

One approach for choosing image endmembers is tsgec
representative homogeneous pixels from satelliteages
through visualizing spectral scatter plots of imaband
combinations (Rashed et al., 2001). In this stuldg,rhaximum
noise fraction (MNF) transformation was appliedttace the
endmember (Wu & Murray, 2003). The first three comgnts
were shown in Fig.2. Previous research has shoanuse of
MNF transform can improve the quality of fractiondages (Wu

& Murray, 2003). The first four components wereaiged for
use in the LSMA models, while the last two compdsaen
discarded due to the high proportion of noise aunt&our
endmembers were selected in this study; they agatbalbedo
surface, dark albedo surface, soil and vegetatin3). These
endmembers were initially identified from the imadmsed on
ground truth and high-resolution aerial photograprd then
the reflectances of these initial endmembers wempared
with the endmembers selected from the scatterplbt o
combination MNF1-3. The endmembers with similar MNF
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spectra at the extreme vertices of the scatterplete selected

(see figure.3a-c).

Figure.2c MNF component3
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Figure.3 Feature space represents the first thredF M
components. The extreme pixel clusters which balnwst all
other pixels in these three feature spaces werieeddéd as
endmembers. High albedo (e.g. concrete, cloudssand), low
albedo (e.g. water, shade and asphalt), vegetétian crop,
grass and trees), and soil (e.g. bare soil andrguavere
identified according to these feature spaces andir th
corresponding features obtained from original tflace data.
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4. RESULTSAND DISCUSSION
4.1 Urban fraction mapping

The endmember fractions were calculated by sohanfylly
constrained four-endmember linear mixing model gsthe
Landsat TM or ETM+ reflectance data, and the fheaLlt were
shown in Fig.4~6 for 1993, 2000 and 2003, respebtivThe
vegetation fraction image correlates with knownetaged areas
within the original TM or ETM+ image. From Fig.4adan be
seen that bright albedo surface mainly distributedurban
region, especially in the CBD region, and for them@svgome
haze over the urban region in 1993, which alseotdd in the
un-mixing result of impervious surface. The lowedb surface
also mainly distributed in urban area (Fig. 4b)nduded water
bodies in this study. But it is more reasonable &skout water
bodies in the future study. The vegetation fraciomear zero
in the urban region, while increasing to 10-20%igh-density
residential areas, and 20—-30% in low-density redideareas,
and it is about 70-90% in vegetated areas, ne@0¢dlonly in
a small part of crop area (Fig. 4c). Moreover, $bé fraction
image is also consistent with the soil distributionthe study
area because the soil fraction in the CBD and reSaleareas
is 10-20% but higher than 60% in some parts of uHzn
fringe (Fig. 4d), where new constructions sitesated. Fraction
images of dark albedo and high albedo cannot becttir
interpreted from the image.

Figure.4b Fraction image of low albedo in 1993
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Figure.4d Fraction image of soil in 1993

However, their relationship with impervious surfaceill be
built using a two-endmember linear mixture model tiis
study. Fig. 4 also shows that this model performeaiscnot as
good for modeling some high albedo materials, sashigh
reflectance roofs, clouds, and sand
From Fig.5, it can be seen that the four endmember

fractions show the similar trend as that from 1983an be
easily noticed that high albedo fraction is moreerdy
distributed in the urban area as no haze distugbancthe
original image. While the low albedo surface franti
distributed in most parts of the city, especially CBD and
residential area, also included some water bodilest part of
urban area is higher than 60%, some area evenrhiggue 80%.
This indicates that the building roof or road migerare dark
color in Changchun. From Fig.5c, it can be seendht some
parks and area along Yitong River have high valbesin most
of the urban area, it is only about 10%, but inghburban area,
especially in the cropping area and forest area,vdgetation
fraction is about 70%, only a small vegetable fiblk high
value. This is because the image acquired in lafe®nber, so
most of the crop is nearly ready for harvest, omhgated
vegetable at their highest cover with sufficientevaupply and
no sign of chlorophyll lack. Soil fraction has higlalues in
some region, including construction sites, quaraied bare soil
regions. But in most of the region, it has a valbeu 30%, one
reason is that Changchun locates in black soil regiee soil
spectral reflectance is low compared with most ted dther
soils, so its reflectance signature is quite clmssome of the
low albedo surface, also most of the crop in tiseinescence
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stage, also show dark color, that may explain wilyfeaction

have no obvious distinctive pattern.
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Figure.5a Fraction image of high albedo in 2000

Figure.5¢ Fraction image of vegetation in 2000
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Figure.5d Fraction image of soil in 2000

From Fig.6a-b, it can be seen that high albedo land
albedo fraction have the similar distribution pattén most
parts of the city, especially in CBD and residerdicda as that
from previous years. From Fig.5c, it can be seanhbgetation
fraction value is about 80% in most of the cropparga and
forest area because this image acquired in lateugtug003
when vegetation is just begin to senesce. Soititlacas also
have similar trend, but with low value in the croparea and
forest.

0o

Figure.6b Fraction image of low albedo in 2003
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4.3 Impervious surface mapping

According to Wu and Murray’s study (2003), impemso
surface is likely on or near the line connecting tbw albedo
and high albedo endmembers in the feature spanesthier
words, most impervious surfaces might be represebjelow
and high albedo endmembers as follows.

Rimp = fow XR +fhigh XRygn +€ 4
Rimp,p is the reflectance spectra of impervious surfdoedand
b, and flow and {4, are the fractions of low albedo and high
albedo, respectively. &, and Rignp are the reflectance spectra
of low albedo and high albedo for band b, andis the
unmodeled residual. Associated with determining, Ris the
requirementf,, + frgn = 1 and flow , thigh great or equal to 0.

In this study, we also applied thisethodology proposed by
Wu and Murray (2003)o map the impervious surfac&/e
applied this model to build a relationship between
impervious surfaces and high and low albedo maseria
with formula (4) to derive the impervious surfacethe
urban area o Changchun. Also water bodies were edask
out in the final result. The final impervious sudam
2000 and 2003 were shown in figure.8. It can bensee
4.2 Assessment if unmixing model based up V-I-S that in the urban area, the impervious surfaceuiteq

consistent, the fraction value is about 0.7 in nuisthe
The RMS for every image pixel was calculated in ordeurban area, while in the CBD area it can reach ks
to assess the performance of LSMA model (Table.1 anidicates that V-I-S model with LSMA is suitable for
Figure.7). The mean RMS over the image is 0.0042rban impervious surface study. As there was somze h
0.0028 and 0.0034, respectively, which suggests i@ the original image in 1993 that affected the eiot)
generally good fit (less than 0.015). The RMS imagesgesult, impervious surface area was not shownerfittal
show that this model represents residential, véigeta result.
soil, and water cover types very well. However,
performance is not as good for modeling some high
albedo materials, such as high reflectance roddsids,
and sand. Also some dark pine forest can not mddele
well for their spectral variation from that of ddabus
tree (not demonstrated in this paper). Figure.% ¢né
distribution characteristics of RMS in 2003, it che
seen that RMS value is generally less than 0.015.

low

Figure.6d Fraction image of soil in 2003

Table.1 Unmixing modled RMSE values

year Min Max Mean Stdev
1993 0.0000 0.1100 0.0042 0.0022
2000 00000 00943 00028  0.0018 G e S
2003 0.0000 0.1238 0.0034 0.0025 Figure.8a Impervious surface in 2000
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Figure.8b Impervious surface in 2003

5. CONCLUSION AND FUTURE RESEARCH

In this paper, a LSMA method was applied to qugntifban

composition under the framework of V—-I-S model. MNF

method was applied for the acquired image to sethet
endmembers, and a linear spectral mixture anaigstbod was
developed to derive the fractions of green vegatathigh

albedo and low albedo, and soil. The impervioudaser was
derived from high albedo and low albedo surfacecdh be
concluded that the LSMA model is reasonable taeegrurban
impervious surface in our study case; V-I-S modei be used
to monitoring urban expansion, especially for ditypervious
area estimation. One future research direction ccdnd the
accuracy assessment of the vegetation and soiltidnac
Contemporaneous high-resolution images, such askQicdcor

IKONOS imagery, should be helpful to obtain grounghing

information of vegetation and soil. Also, how toadevith

spectral variation caused by sun-object-sensor gagnis not
delivered in this paper, which needs to be copet i future

study, especially with consideration of urban dyinstudy.
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