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KUANG Wenhui!, ZHANG Shuwen?, LIU Jiyuan®, SHAO Quangin®

1. Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China;
2. Northeast Institute of Geography and Agro-Ecology, Chinese Academy of Sciences, Jilin Changchun 130012, China

Abstract:  Urban internal function and structure which is represented by intra-urban land use information is important spa-
tial-explicitly information in urban geography research and urban planning or management; however, its extraction of fine-scale
spatial information is still a difficult question in geographic information science (GIS). To overcome the difficulty in detecting
intra-urban land use types using remotely sensed data alone and the positioning errors of mismatch in overlaying multi-temporal
images, we have developed a digital reconstructing method to classify and detect intra-urban land use change through combining
the “hierarchical classification” and “object-oriented segmentation” methods. This paper traces back to the historical developing
process of Changchun city based on the above methods to classify and detect the detail intra-urban land use types including
residential land, commercial land, industrial land, roads, water body and urban green space. The study has resolved the key
problems on accurate spatial positioning from multi-scale and different data sources, classifying intra-urban land from function
characteristics and detecting historical developing process of metropolis. Furthermore, we combined the SPOT5 imagery,
1:10000 topographic maps, historical maps, urban planning map and other auxiliary data of Changchun City to classify and de-
tect its intra-urban land use change from 1905 to 2003. The results indicate that the methods are significant and effective in clas-
sifying and detecting urban land use spatial information through combining the human-computer interactive interpretation with
the expert-based knowledge from different source data. The methods can not only enhance the accuracy of urban land use classi-
fication, but also improve spatial information extraction efficiency and positioning accuracy of multi-temporal spatial overlaying
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1 INTRODUCTION

The world is experiencing a fast urbanization process, 2/3 of
its population will live in the city by 2050. Developing coun-
tries, especially those in Asia, are facing with a transitional
period of fast urbanization, which brings about a series of seri-
ous environmental problems. Land use/land cover change in
urban and its surrounding area is now becoming one of the
most important factors influencing urban ecosystem and global
environmental change. Urban ecologists advocate solving this
increasingly serious problem through cross-subject methods
with urban geographers, urban planners and urban economists
(Grimm et al., 2008; Montgomey et al., 2008). Remote sensing
provides a useful and effective means in detecting and moni-
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toring urban land use change. Remote sensing (RS) records the
detailed spectral characteristics of land surface, which is closely
related with land use and land cover information. It is difficult
to detect urban land use types that reflect urban internal spatial
structure directly from remote sensing imagery; however, it is
available to extract land use information coupled with hu-
man-computer interactive visualized interpretation, geo-based
knowledge rules and integration of auxiliary data (Chilar et al.,
2001; Treitz et al., 2004). At present, most studies mainly focus
on monitoring urban expansion processes using remote sensing
(Liu et al., 2005; Wang et al., 2005; Kuang et al., 2005; Mou et
al., 2007). However, little has been studied on the intra-urban
land use structure at higher-resolution spatial information in
finer scale. Mei et al. (2004) established electronic land use
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maps of the center City of Shanghai from 1947 to 2000, spe-
cifically categorizing further intra-urban land use types. The
result was applied to analyze the information entropy of in-
tra-urban land use change (Zhao et al., 2004) and evolution of
spatial structure of residential land (Liao et al., 2004). But the
acquisition of spatial information on urban land use types has
not yet been discussed and analyzed in their studies in detail.

Accurate geographic data play an important role in analyz-
ing and conducting quantitatively scientific questions. There-
fore, the reliability and quality of the acquainted data have a
direct impact on drawn results and specific conclusion. Re-
search on land use change processes at both regional and na-
tional scales provides scientific basis for the studies of land use
and land cover change and its related environmental construc-
tion and preservation (Liu et al., 2002). As a focus of human
activity, urbanization area has been the hotspot in urban geo-
graphic study. At the same time, due to requirement of higher
spatial resolution data in urban geographic research and diffi-
culty in interpreting of urban land use change from topography
maps and remote sensing imagery, urban land use classification
has been a scientific problem in urban geographic information
science and urban planning or management. Consequently,
research on classifying and detecting methods on intra-urban
land use information based on remote sensing and GIS will not
only take an example for interpretation of higher resolution
urban land use information at a finer scale, but also provide the
important spatial information to understand spatial-temporal
patterns and mechanisms of urban land use evolution in
Changchun City as a historical developing process of one hun-
dred years.

2 METHODS

2.1 Urban spatial information interpretation and
land use classification system

Information on the intra-urban land use structure is a reflec-
tion of all kinds of economic and cultural factors of a specific
historical period on the urban spatial configuration, and is also
important spatial information in urban geographic research.
However, it is difficult to separate residential and commercial
land due to the feature of space-based high-precision position-
ing and the complexity of social attributes. Changchun City
experienced different stages of urban development over the past
100 years in multiple and varied social, political and economi-
cal backgrounds. Land use structure changed drastically with
fast sprawling of residential and industrial lands showing a
characteristic of a transition from industrial land to residential
land and moving out of industrial land. In the late 1970s, a large
number of urban green spaces were occupied by residential
land, which is a typical land use characteristic of large old in-
dustrial cities.

Based on the “regulations and rules of cadastral survey in
urban” from Ministry of Land and Resources, and through in-
tegrating land use evolution characteristics in Changchun City,

the probability of urban land use digital reconstruction for his-
torical periods, urban landscape heterogeneity, as well as land
use purposes and functions, we classified urban land use into 9
categories: commercial, industrial (including storage land),
infrastructure, public building, residential, road, urban green
space, water body and bare ground.

2.2 Intra-urban land use classification

Urban land use classification does not only include the
categories of natural land coverage such as water body, vegeta-
tion, etc., but also takes into account the characteristics and
functions of urban build-up land. Therefore, it is difficult to
capture the dynamic of land information directly through re-
mote sensing imagery. However, it is feasible to capture and
extract land use information with a “hierarchical classification
method” though systematically integrating remote sensing in-
terpretation, object recognition, auxiliary information and urban
land survey. The hierarchical classification method decomposes
the complex urban landscape and phenomena into more simple
nodes based on certain regulations. In intermediate nodes of
classification trees with fewer objects, it is preferable to take
targeted approach or combine with some auxiliary data to clas-
sify lower level nodes after making a composite treatment. This
method has advantages of flexibility and convenience, which
will facilitate the integration of remote sensing and geosciences
knowledge (Zhao et al., 2003). We will first classify the land
use types for those objects that can be directly classified from
remote sensing images with the hierarchical classification
method, and then, detailed information will be detected and
captured with further interpretation with reference to expert
knowledge and other auxiliary information. Thus, the hierar-
chical classification method has a particular and predominant
advantage over other methods in intra-urban land use classifi-
cation.

In this study, based on SPOT5 imagery, we classified the in-
tra-urban land use types in terms of color, shadow, size, shape,
texture, pattern, location and spatial organization of objects.
Object feature interpretation is primarily referred to urban to-
pography maps and the names of different land units in
multi-temporal periods. Auxiliary information is primarily re-
ferred to urban planning and functional maps of different time
periods to identify each specific land use boundary in an urban
unit with mixed land use types. Meanwhile, the main purpose
of urban land use survey is to systematically understand the
characteristics of intra-urban spatial structure and verify land
use types that are hard to identify.

In sum, the hierarchical classification of intra-urban land use
types on spatial information integrated all the information ex-
tracting methods mentioned above. Firstly, it is a prerequisite to
update urban road maps derived from 1:10000 scale topography
based on SPOT5 images and divide urban blocks, which forms
the basic framework of the intra-urban land use structure. The
concentric rings of roads, which are scattered and radiated ob-
viously in SPOT5 images, surround the center of urban. The
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color of urban roads in true color images of SPOT5 is indigo or
indigo mingled with Modena. Secondly, the urban green space
and water body, which are easier to differentiate, will be classi-
fied. We found that the water body in Changchun City is mainly
concentrated in Yitong River and some parks. The appearance
of water body in SPOT5 images looks like a stripped or nearly
round shape with a homogeneous texture showing a color of
dark blue or blue. In contrast, urban green space is primarily
distributed along roads and rivers or within parks. The appear-
ance of urban green space in SPOT5 images looks like a
stripped appearance or a large patch with mosaic water bodies
in it, showing a color of green, or yellowish green or dark green
with a texture of soft nap.

On the basis of development of urban roads framework and
classification of natural land cover types (water body and green
space), the hierarchical classification is further applied to clas-
sification in comparing new and old urban areas. The charac-
teristics of new developed urban areas are more obvious due to
relatively independent land use structure and function in the
new developed urban. Taking SPOT5 for example, land use
classification was detected with help of remote sensing inter-
pretation, auxiliary information and urban land survey. Results
showed that a large number of industrial and residential lands
occupied the new city, of which industrial land are distributed
mostly around the urban fringes, directly connected with the
main roads, and clustered distribution showing a white, yellow,
or purple color and a homogeneous texture. In fact, the concen-
trated industrial land can be directly classified from the images;
while, for the scattered industrial land, it needs combining other
feature characteristics to classify. Residential land can be dis-
tributed from the center to the fringe of a city, displaying a
shape of regular squares with white and blue patches and regu-
lar crude texture. Bare ground and cropland at the urban fringes
can also be detected directly through feature attributes.

Commercial land, residential land, infrastructure and public
buildings are mingled each other in the old city; therefore, it is
difficult to identify the specific land use information. So, we
made a further classification by feature characteristics and aux-
iliary information in urban commercial and residential land
mingled with each other while together with uncertainty of
boundary between public land and residential land. Infrastruc-
ture and public buildings distribute evenly in the old city. Infra-
structure buildings are directly connected with the main roads,
displaying like a circle or a regular shape with complex struc-
ture; Public buildings are also related to main roads and usually
mosaic with regular buildings, displaying brown patches with
blue in it. Based on the methods mentioned above, we success-
fully classify and detect the spatial information of intra-urban
land use change after applying hierarchical classifying methods
in the new and old city step by step.

2.3 Digital information reconstruction of the intra-
urban land use structure

Digital reconstruction of urban land use information is based

on the ‘object-oriented segmentation’ classification method,
which uses ‘sub-street block’ as the segmentation unit, through
tracing back to the history of each object entity to monitor the
spatial behaviors of a urban land use type to deduce spatial
evolution of it. Through comparing the land use information at
the previous time period with that at the current time period,
evolutional behaviors of the object-oriented segmentation is
divided into 4 different types: unchanged object, segmented
object, attribute-changed object, and entity-expanded object.
Therefore, the extraction of each piece of spatial information is
accomplished by segregating objects based on previous spatial
information until the smallest segmentation (S;) unit is having
been produced. The spatial topological relations between seg-

mentation units should meet:
k

i:ulS,- =Q,5nS;=¢

(i=1,2,....k; j=1,2,....k; i#j) Of which, each smallest seg-
mentation unit has six attribute fields to mark its land use type
at different time periods. Another layer of maps will be used as
reference to conduct the human-computer interactive interpre-
tation combining with the ‘relative position method’ under the
help of expert knowledge. After spatial computations, six
phases of urban land evolution information in Changchun city
are obtained eventually (Fig. 1).

Fig.1 Object-oriented Segmenting Method on urban land types

The important task is to trace the urban land use change in-
formation with multiple stages during the urban land digital
reconstruction at different historical periods. The change modes
of urban land use can be concluded into two types: extended
expansion and internal structure transformation. Combining
with the historical urban land use maps and functional zoning
maps, urban land change information will be derived. In terms
of urban evolution of Changchun City, urban extended expan-
sion mainly focused on the expansion of industrial and residen-
tial lands, and urban internal structure transformation mostly
occurred in the urban center with conversion from residential
land to commercial land and replacement of green space by
residential land, or substitution industrial land for residential
land. Through successfully identifying the land use types at
current and previous time periods, digital reconstruction of
urban land use information can be achieved based on the
methods mentioned above.

2.4 Extraction of the intra-urban land use informa-
tion

Extraction of urban land use spatial information was
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achieved by manual digitization. Firstly, SPOT5 images were
digitized as reference layers to extract urban main roads and
basic road framework by integratingl: 500 and 1:10000 topog-
raphy maps and field survey data. After that, the minor roads
were delimited in terms of various streets composed of urban
main roads, and then, different urban blocks were divided based
on this information. Land use types within different blocks
were identified and for blocks mixed with different land use
types were continued being classified with the hierarchical
classification method until a single land use type within a seg-
mentation unit was identified. In the meanwhile, attribute codes
were assigned for segmentation units, and we generated the
user-oriented intra-urban land use information after topological
information was established.

To accomplish digital reconstruction of historical urban land
use information, we need first to achieve interactive extraction
of urban boundary and to establish attribute tables (Fig. 1) with
the ARCVIEW 3.3 software. Under the constraint of urban
boundary of 2003, land use types were classified and classifica-
tion codes were input into the field UL-2003 of the attribute
tables until each segmentation unit represents only one land use
type. And then, we overlaid the urban land use vector map of
2003 derived according to the boundary of 1990 with the
1:10000 topography map of 1990 to monitor the land use
change within each segmentation unit. The changes occurred
within each segmentation unit were recorded with different
codes and written into the attribute tables. For extended expan-
sion areas from 1990 to 2003, a code value of 999 in the field
UL-1990 of the attribute tables was assigned, while for entity
expansion areas, the land use code for the new land use type
was assigned if all the land entities within the segmentation unit
were changed. If only parts of the segmentation unit were
changed, then we further divided the entities within the seg-
mentation unit in terms of topography of 1990. The unchanged
part was assigned the code value from the previous land use
map; while, the changed part was assigned the code value from
the new land use map. In this way, each land segmentation unit
could be detected for its spatial change in land use types at
different time periods. Based on the methods mentioned above,
urban land segmentation units were divided backtracking from
2003 to 1905, and the spatial land use and urban evolution in-
formation of Changchun City was reconstructed for the past
100 years (Fig. 2).

The steps for extracting the intra-urban land use information
are described in Fig 2. Firstly, with the help of Arc/info 9.0, the
‘shape’ format data is converted into ‘coverage’ format and six

Identifying Ibtra-urban
urban land [ land use

types change map

|E< Point >_.f|_';:_'<l’olygon>j'__:f:_|

Fig. 2 Flowchart of extracting urban land information

time periods (1905, 1932, 1954, 1976, 1990, and 2003) of land
use maps are generated after conducting calculation of ‘cal
COVER-ID = UL-2003, UL-1990°. The neighbor segmentation
units that have identical attribute are merged using the ‘dis-
solve’ command, and then, we rebuild the topology information
for these maps. Comparing with other traditional methods, ‘ob-
ject-oriented segmentation’ can not only increase positioning
accuracy in spatial analysis of multi-phases urban land use
maps and reduce the ‘spatial error’ during spatial information
extraction then enhance accuracy of information extraction, but
also improve extraction efficiency. In this way, six time periods
(1905, 1932, 1954, 1976, 1990, and 2003) of intra-urban land
use maps are reconstructed, respectively.

3 RESULTS AND ANALYSIS

Many large-scale historical land use maps, topography maps,
and documentaries with high-resolution land use information
during the past 100 years provide important spatial information
for this research. These data were organized as different scale
topography, high resolution remote sensing, historical land use,
and urban planning maps. In our study, we used a 1 : 10000

scale controlling network and a map controlling configuration
frame as the first-grade network for urban geographical posi-
tioning. The 1 : 10000 topographic map was projected using
Gauss-Kruger Transverse shear conformal cylindrical projec-
tion and was divided into different zones at a spatial resolution
of 3 minutes. Changchun City is located at the 42nd zone of.
Then, based on the projected 1 : 10000 topography map, we

generated 1 : 100000 and 1:50000 controlling networks and

1:1000, 1:500 controlling configuration maps. These network
maps were converted into multi-grade controlling networks
with a unified coordinate system after projection transformation
and coordinate translation.

The remote sensing images at different scales were com-
bined to extract intra-urban land use types. Urban land use clas-
sification in 1905, 1932, 1954, 1976, 1990, and 2003 was re-
ferred to the skeleton maps of 1905 for the old city, the land use
map of 1932 for the new city, city cadastre map of 1941 and
1100000 topographic map of 1954, 1 : 10000 topographic
map of 1976, 1:10000 topographic map of 1990, and SPOT5
images of 2003 and other thematic spatial information, respec-
tively. Based on the ‘object-oriented segmentation’ method,
land use maps of Changchun City for 1905, 1932, 1954, 1976,
1990 and 2003 were generated (Fig. 3).

Changchun City has a very special history and it has ex-
perienced different urbanization processes. Most of the changes
in urban land use during 1905—1931 primarily occurred in the

Kuanchengzi and Jiuchengzi districts, showing a characteristic
of increasing residential lands, roads and reserved urban space.
Large numbers of roads and reserved urban space provided
enough space for urban development at the late time periods.
With residential land expanded greatly with urban development
during 1932—1954. After economy transformation from the old
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. _1,{-{"- use classification for 2003. In order to validate the classification
N 7 accuracy, we sampled 122 points using both point and line sur-
i A vey methods with a 204.5 km x 204.5 km sampling coverage in
o7 1= | and around Changchun City. The sampled points covered all the
&y PR S land use types showing in Changchun City. The survey items

== commercial == green space

== industrial water body
residential "= road

™= public building others
infrastructure

Fig. 3 Classified results of urban land use maps

(a) 1905 year; (b) 1932 year; (c) 1954 year; (d) 1976 year; (e) 1990 year;

(f) 2003 year

era under colonization to the new era under post-liberation
China administration, four major living communities: Chaoy-
ang, Nanguan, Erdaohezi, Kuancheng were formed. During
1954—1976, industrial land increased very fast and dominated

the land use change processes. The modern urban pattern was
formed during 1976—1990: commercial center: Nanguan and
Chaoyang districts which are located at the center of city and
industrial; residential land center: Luyuan, Northern Kuancheng
and Northeast Erdao districts. From 1976 to 1990, high-tech
development area, economic development area and Jingyuetan
development area were gradually emerged. The urban areas
during 1990—2003 increased faster than other time periods,
showing the most obvious characteristic in increased areas at all
kinds of development area.

4 VALIDATIONS AND ACCURACY ASSESSMENT

Spatial data errors include spatial position error and attribute
error. In this study, interpretation of urban land use spatial in-
formation was based on the ‘object-oriented segmentation’
method, and other time periods of land use information were
captured according to the urban land use boundary map of 2003;
therefore, it could meet the accuracy requirement of urban land

included: land use types, building height, road type and width,
land use types of new development area and urban boundary,
infrastructure conditions, major jobs of local residents. We
marked spatial location, recorded attributes and took photo-
graphs based on current urban traffic maps. We also evaluated
the accuracy of classified land use types in 2003 in terms of the
urban land use survey and sampling points from aerial photos.
The land use area for each specific land use type during 1905—

1990, which were generated in this study, was also validated
against statistical data.

Accuracy test was conducted through the comparison of the
land use information form aerial photographs and field sampling
with the corresponding land use information generated in this
study (Table 1). We found that the average accuracy of this clas-
sification was over 95% and all the produced land use maps
could meet the accuracy requirement at a spatial scale of
1:25000. Except the lower accuracy for public buildings and
infrastructure, the accuracy for other land use types was very
high. We found that our classification accuracy was over 92%
when compared the historical statistical land area data with our
classified area for a specific land use type. Then, 5 blocks were
selected to compare and analyze the classification accuracy from
the traditional hierarchical extraction and ‘object-oriented seg-
mentation’ methods. The results showed that the ‘object-oriented
segmentation’ could increase classification accuracy by 5.9%,
and area accuracy by 4.3%. We also found that the extraction
efficiency for all the 6 time periods images generated by the
‘object-oriented segmentation’ method could be 62% higher than
that by the traditional hierarchical extraction method and the
spatial location accuracy of the ‘object-oriented segmentation’
method can be up to 98% during overlay analysis.

Table 1 Precision analysis from different land use information

Urban land type Ng:ﬁ:ﬁ:f s(;(r)r:;ﬁg; Accuracy / %
Commercial land 17 16 94.12
Industrial land 20 19 95.00
Residential land 44 43 97.73
Infrastructure 4 3 75.00
Public building 18 16 88.89
Road 5 5 100.00
Green space 6 6 100.00
Wiater body 3 3 100.00
Others 5 5 100.00
Total 122 116 95.08

5 DISCUSSIONS AND CONCLUSIONS

This study developed a method combining ‘hierarchical
classification” and ‘object-oriented segmentation’ methods to
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integrate space-based multiple sources of information and to
extract high-accuracy and high-resolution urban land use in-
formation and its dynamic changes over time. Using ‘sub-street
block’ as the basic segmentation unit and through backtracking
of each object entity, we monitored the spatial behaviors of
urban land use and identified its spatial evolution information
in Changchun City. It is highly applicable to achieve the extrac-
tion of high-precision urban land use spatial information com-
bining the participation of expert knowledge with hu-
man-computer interaction. This method can not only increase
the classification accuracy of urban land use types, but also
increase the extraction efficiency of spatial information and
spatial location accuracy of multi-phase spatial data in overlay
analysis.

Classification of intra-urban land use types is very important
for urban planning and management, and urban sustainable
development. However, its low accuracy can not satisfy the
requirement of large-scale topographic maps, limiting its appli-
cation; therefore, high-accuracy image interpretation methods
are required during urban land use classification, which include
the right choice of data sources, image correction methods, and
spatial information extraction method and so on. This study
attempted to develop an intra-urban land use classification
method based on all kinds of data sources including remote
sensing images, historical statistical maps, topography maps,
urban planning and management data, and survey data. This
method was demonstrated to be suitable for land use classifica-
tion in large cities with relatively independent functions, as well
as metropolitan cities.
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