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Urban Land Use Change Detection over Daejon Metropolitan Area
using Bi-temporal Landsat TM image with the Integration of GIS*
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I. Introduction

The land use in the metropolitan area has been
changed rapidly due to the urban expansion in
Korea during the last few decades. And such
changes result in environmental problems
(Yokohari et al., 2000). Human activity is not only
reducing the size and number of remaining nat-
ural areas but also causing habitat fragmentation,
which result in configurations, or arrangements
of these areas that are poorly suited to maintain-
ing ecological function(Smith and Hellmund,
1993). Planning always requires information and
it is also true of landscape planning based on
land information. Since the first launch of
Landsat in 1972 land information has been
updated periodically. Identification and analysis
of landscape change have become key compo-
nents in dealing with the environmental conse-
quences of the land use change. Remote sens-
ing(RS) and geographical information systems
(GIS) can be used for land use change detection
to understand the impact and trend of the land
use change. Change detection is the process of
identifying differences in the state of an object or
phenomenon by observing it at different
times(Singh, 1989). It can provide a quantitative
and comparative information. The basic premise
in using remote sensing data for change detection

is that changes in land cover must result in

changes in radiance values. It must be large with
respect to radiance changes caused by other fac-
tor(Ingram et al., 1981). The purpose of this study
is to detect and quantitatively evaluate urban
land use changes in Daejon metropolitan region
for the last decade.

II. Methods

The study area is Daejon. Figure 1 shows
Daejon metropolitan area located in the central
part of South Korea. The area of Daejon metro-
politan area is 540.1km? and it consists of five
districts, Yoosung-ku(17,504.7ha), Taedok-ku
(6,870.3ha), Tohng-ku(13,790.8ha), Seo-ku
(9,637.7ha), and Chung-ku(6,208.4ha). The popu-

Figure 1. Study Area

Table 1. Area of each district in Daejon and population change between 1989 and 1998

(unit: person)

Administration Yoosung-ku Taedok-ku Tohng-ku Seo-ku Chung-ku Sum
PO_1989 80,148 151,259 302,293 206,037 312,058 1,051,795
PO_1998 151,399 209,369 261,248 463,903 259,765 1,345,684

Changed population 71,251 58,110 -41,045 257,866 -52.293 293,889
Area(ha) 17,504.7 6,8370.3 13,790.8 9,637.7 6,208 4 54011.5
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lation increased from 1,051,795 (1989) to 1,345,684
(1998). Table 1 shows the population change
between 1989 and 1998.

Two Landsat TM scenes acquired on October
9, 1989, and October 2, 1998, respectively were
used to detect land cover change in the study
area. Korea Multi-Purpose Satellite-1(KOMP-
SAT-1) Electro-Optical Camera(EOC) image with
6.6m resolution and aerial photographs
(1/20,000) were also used as reference data. In
terms of RS and GIS softwares, PCI(RS) and
ArcView(GIS) were used in this study. PCI was
used for image rectification, resampling, training
area selection and classification and so on.
ArcView was used for storing and analyzing
land cover classification data statistically. All
scenes were rectified to the Korean Transverse
Mercator coordinate system and geometrically
corrected. In geometric correction, ground con-
trol points(GCP’s) were selected by referring to
dominant features in the topographic map such
as bridge, reservoir and highway intersections.

Then, the first order nearest neighbor resampling

scheme was used to preserve the original digital
numbers. After the land cover classification of
each year, classification accuracy assessment was
done by referring to KOMPSAT EOC image and
1:20,000 aerial photographs. For the 1989 accura-
cy assessment, 1:20,000 aerial photos were used
as reference data while KOMPSAT image was
used for 1998 classification accuracy assessment.
After generating both year land use maps, the
land use change detection was done by compar-
ing the land cover maps of 1988 and 1998. Figure
2 shows the study procedure.

I11. Results and Discussion

The classification accuracy assessment was
obtained for the study site and there were five
classes classified as forest, agriculture, barren,
urban and water. Classification accuracy assess-
ment was done using PCI software based on
three hundred random samples. The classified
pixel was compared with the enhanced image

by visual interpretation. However, the edge

1989 Landsat TM 1998 Landsat TM
Data Import and Image Display ‘ ‘ Data Import and Image Display ‘ ‘ 2000 KOMPSAT
Y Y

Image Rectification and Resampling
(Image to map matching) [30m]
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(Image to map matching) [Sm]

Y Y
‘ Training area set ‘ ‘ Training area set
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‘ Landcover Classification

Landcover Classification

Aerial photograph(1/20,000)

l

Comparison between 1989 and 1998 and Change Detection ‘

Figure 2. Flowchart of classification and change detection for satellite data




242 EBBLBIL MIH H4Z
Table 2. Confusion Matrix of classification image(1989)
Reference Data
Forest Agriculture Barren Urban Water Totals  [User’s Accuracyb
Forest 186 20 0 2 1 209 98.0
Agriculture 1 37 2 7 0 47 787
Barren 0 0 3 1 0 4 750
Classified Urban 0 3 3 19 0 25 760
data Water 4 0 0 0 11 15 733
Totals 191 60 8 29 12 300
Error (%) 5(2.6) 23 (38.3) 5(62.5) 10 (34.5) 1(8.3) 44 (147
Producer’s Accuracy" 974 61.7 375 655 91.7
a b Producer’s accuracy and user’s accuracy mean measure of omission error and commission error respectively.
Overall Accuracy : 85.3%
Table 3. Confusion Matrix of classification image(1998)
Reference Data
Forest Agriculture Barren Urban Water Totals  |User’s Accuracyb
Forest 174 16 1 7 2 200 870
Agriculture 5 29 3 16 0 53 547
Barren 0 7 2 6 0 15 133
Classified Urban 0 0 1 19 0 20 950
data Water 0 0 1 0 11 12 91.7
Totals 179 52 8 48 13 300
Error (%) 5(28) 23 (44.2) 6(75.0) 29 (60.4) 2(154) 65 (21.7)
Producer’s Accuracy" 972 55.8 250 396 84.6

a b Producer’s accuracy and user’s accuracy mean measure of omission error and commission error respectively.

Overall Accuracy : 78.3 %

area like lake or forest were not easy for dis-
crimination. Most of the study area was
checked in the field from the spring 2000 to the
summer 2002.

Tables 2 and 3 show the confusion matrices for
the accuracy of 1989 and 1998 year. Overall accu-
racy of the 1989 image classification was
85.3%(Table 2) and that of the 1998 image classi-
fication was 78.3%(Table 3) based on the selected
three hundred random sample pixels.

Figure 3 and Table 4 show the trend of land
cover changes between 1989 and 1998. As we can

see in Table 4, the largest changed(sum of
decreased area and increased area) land use type
is green space - agricultural field and forest - . Of
the green spaces, agricultural field decreased by
6,592.3ha and the forest increased by 4,402.1ha.
The main reason of forest increase is the growth
of seedling tree forest which were classified as
pasture(5,113.9 ha) in 1989 image. For the non-
green space type, the urban area increased by
2,643.2ha, and the barren area decreased by
564.4ha.

The common trend of land cover change at
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Table 4. Land cover changes in Daejon metropolitan area

(unit : ha)
1989 land cover
green space non-green space total increased
ota
forest water paddy/grass |  barren urban area
forest 282654 156.2 5,1139 126.9 8129 344752 6,209.8
green space water 923 18518 919 583 1333 22275 3758
1998 agricultural field| 7323 163 5,108.3 2822 6320 6,771.1 1,662.8
land | non-green barren 272.1 12 5972 2670 203.1 1,340.6 10735
cover space urban 7110 90.8 24521 1,1705 477732 9,197.6 44245
total 30,073.1 2,116.2 13,3634 19049 65544 540120
decreased area 1,807.7 2644 8,255.1 16379 1,7813
changed area +4.4022 +111.3 -6,592.3 -564.4 +2,643.2
40,000
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10000 |—
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Water
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Figure 3. land use change in Daejon between 1989 and 1998

each district is the decrease of agricultural field
and increase of forest area. Figure 5 and Table 5
show land cover change for five districts,
Yoosung-ku, Taedok-ku, Tohng-ku, Seo-ku, and
Chung-ku. As we can see in Table 5, the forest
area at each district increased by 1,609.8ha,
343.4ha, 1,370.3ha, 652.1ha, and 426.6ha respec-
tively while agricultural field at each district
decreased by 2,298.3ha, 924.2ha, 1,487.2ha,
1,347.5ha, and 535.1ha respectively. The most

important reason of decreasing agricultural field
is the urbanization(2,643.2ha). The urban area
increased 743.8ha, 613.6ha, 131.9ha, 944.6ha, and
209.4ha respectively. As we can see in Figure 5,
the urbanization occurred mostly at Seo-
ku(944.6ha), Yoosung-ku(743.8ha), and Taedok-
ku(613.6ha) while the other two districts - Tohng-
ku(131.9ha) and Chung-ku(209.4ha) - increased
less. It is also true of barren land(1,170.5ha). At

Seo-ku the urbanization were caused mainly due
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Figure 4. land use change area for five districts between 1989(left) and 1998(right)

Table 5. Land cover change for each district

(unit : ha)
year forest water lagricultural field| barren urban total
1989 92751 1322 6,247.6 793.7 10555
Yoosung-ku 1998 10,8855 198.7 39493 6719 1,799.3 17,504.7
changed (91,6098 (H)66.5 (22983 1218 (7438
1989 3,191.6 5522 1484.1 3020 1,340.6
Taedok-ku 1998 35350 5522 559.9 269.0 19542 6370.3
changed (13434 (901 (09242 (329 (96136
1989 8,796.0 1,350.2 1,962.0 1450 1,537.7
Tohng-ku 1998 10,166.2 1,379.5 474.8 100.7 1,669.5 13,7908
changed (913703 (9293 (14872 (443 HI1319
1989 5059.6 66.2 27552 496.9 12598
Seo-ku 1998 57117 87.6 14077 2264 22044 9631.7
changed (H652.1 9213 (13475 (2705 (1944 6
1989 37502 154 914.5 1674 1,360.9
Chung-ku 1998 4,176.8 9.5 3794 72.5 1,5703 6,2084
changed (4266 (59 (3351 (9950 (92094
(+) : increased area, (-) : decreased area
to the development Doonsan new town. It is also development of industrial area at Moonpyung-

true of development of military area(Jaundae) dong, Taedok-ku.

and Noheun Distrcit at Yoosung-ku and the



Seung-mahn Ahn -Jin-min Shin -Dong-hoon Shin - Kyoo-seock Lee / Urban Land Use Change Detection over Daejon Metropoltan Area using Bi-temporal Landsat TM image with the Infegraion of GIS 245

2000 -

1,500

1,000

500

-500

m Forest
@ Agricultural field
= Barren
g Urban

-1,000

-1,500

-2000

-2,500 b
Seo-ku Yoosung-ku

Taedok-ku

Tohng-ku

Chung-ku

Figure 5. Land cover change for each districts between 1989 and 1998

In summary, the urban land use change in

Daejon is mainly due to the urbanization.

IV. Conclusions

After the comparative analysis approach of
independently produced land cover classifications
between 1989 and 1998 was done, the following
conclusions are derived for the land use change.

First, there is a significant increase of forest
land(4,402.2ha) which is mainly due to the
growth of seedling forest during this period.

Second, the agricultural field area decreased by
6,592.3ha. Yoosung-ku and Tohng-ku occupies
the major portion of that increase. It is mainly
due to the urbanization. The urban area
increased by 2,643.2ha while the barren land
decreased by 564.4ha. Yoosung-ku, Seo-ku, and
Taedok-ku occupies the major portion of that

increase.
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