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Abstract : This study analyzed the spatio-temporal change detection of land-use and urbanization in Yongin and Anseong 
regions, Kyunggi Province, using three Landsat-5 TM images for 1990, 1996, and 2000. Remote sensing (RS) and 
geographic information system (GIS) techniques were used for image classification and result analysis. Six land-use types 
were classified using supervised maximum likelihood classification. In the two study areas, the land-use changed 
significantly, especially the decrease of arable land and forest and increase of built-up area. Spatially, the urban expansion 
of Yongin region showed a spreading trend mainly along the national road and expressways. But in Anseong region 
the expansion showed ‘urban sprawl phenomenon’ with irregular shape like starfish. Temporally, the urban expansion 
showed disparity ─ the growth rates of urbanized area rose from the period 1990-1996 to 1996-2000 in both study areas. 
The increased built-up areas were converted mainly from paddy, dry vegetation, and forest.
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I. Introduction

Land-use of the Earth is changing rapidly, mainly 

because of human activities. Urbanization, as an im-

portant type of land-use change, which links human 

and environment has attracted many researchers (Kim 

et al., 2003; Kim, 2004; Fan et al., 2008; Xiao et al., 

2006; Mundia and Aniya, 2005; Long et al., 2008). 

More job opportunity and better economic interest 

prompt more and more people to pour into cities and 

towns, which can provide the city with a rich resource 

of labor but a lot of problems can be generated 

simultaneously, like urban heat island phenomenon, 

high land prices, traffic jam, urban sewage, social 

welfare, and so on. Subsequently, the process of 

population migration from within towns and cities to 

the suburbs and surrounding areas of cities is 

generated, namely suburbanization which is one of the 

many causes of the increase in urban sprawl and can 

urbanize the surrounding areas of cities. On the one 

hand, it can relieve some social problems of centre 

cities mentioned above. But on the other hand, in the 

urbanized regions, it may result to blind urban 

expansion, farm land loss, and environmental damage.
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Fig. 1. Location of the two study areas.

Seoul Metropolitan Area has experienced urbaniza-

tion since the early 1970s. And the percentage of 

population living in Seoul among Korea's entire 

population increased gradually till 1990. Most of the 

increased population was resulted from immigrants 

who came from other cities and rural areas. Such a 

rapid increase in population led to a lot of changes 

in Seoul’s socio-economic system as well as citizens’ 
well-being. So the government has implemented 

various policies in order to disperse the population of 

Seoul, which developed the surrounding regions. New 

towns near Seoul were constructed and tax deduction 

policies were implemented for businesses and people 

who moved from Seoul to the new towns or other areas 

in Kyunggi province (Rii and Ahn, 2001). As a result, 

several types of expansion of existing satellite and 

local cities, such as road construction for improvement 

of accessibility and new urban development on arable 

land in rural areas, have rapidly urbanized the south 

of Seoul (Kim et al., 2003). Urbanization has not only 

promoted the increase of new residential areas but 

also led to the loss of arable land and forest. 

Therefore, understanding the state and trend of 

land-use change and urban expansion are indis-

pensable for the sustainable regional development 

(Fan et al., 2008). 

This study aims to analyze the spatio-temporal 

change detection of land-use, focusing especially on 

the change of built-up areas which are linked to urban 

sprawl and population growth in Anseong and Yongin 

regions located in the south of Seoul, Kyunggi 

Province, using three Landsat-5 TM images over a 

10-year interval. Satellite remote sensing techniques 

were used in order to detect and monitor land-use 

change because it can provide spatially consistent data 

sets that cover large areas with both high spatial 

detail and high temporal frequency (Xiao et al., 2006). 

Change-related images are generated from change 

detection techniques including Tasseled Cap trans-

formation, Principal Component Analysis and indices 

for water, clay, iron, and ferrous iron. This study also 

used GIS techniques in combination with RS for 

analysis of land-use change more effectively.

II. Study area and data

1. Study area

Two study areas, Yongin and Anseong regions, are 

located in the south of Seoul, Kyunggi Province (Fig. 1). 

As mentioned above, the government policy has 

promoted urbanization of these two study areas, 

especially during the period 1990-2000. Smooth 

transportation, with Kyungbu expressway and Youngdong 
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expressway crossing the Yongin region, Chungbu and 

Kyungbu expressways running through the Anseong 

region, makes the two study areas urbanize more rapidly. 

Census data derived from the Yongin and Anseong 

statistical year books show that the increase percentage 

of the population and built-up area were 110.1% and 

55.9% in Yongin from 1990 to 2000, and 7.1% and 

34.2% in Anseong during the same period.

2. Data set

This study used three Landsat-5 TM images acquired 

on April 26, 1990, April 10, 1996, and May 7, 2000, 

respectively. A digitized map covering the two study 

areas was used for geometric correction. And two 1:50 

000 geographic maps produced from aerial photographs 

were also used as reference maps for classification, 

1996 map for Yongin City and 1998 map for Anseong 

City. This study used census data from Yongin and 

Anseong statistical year books to analyze population 

growth, land-use change, and urbanization.

III. Research methods

1. Image processing

Three Landsat-5 TM images were geometrically 

registered to a digitized map of the corresponding area 

using second-order polynomial transformation. Up to 

50 ground control points (GCP) were selected with the 

Root Mean Square Error (RMSE) of 0.5 for image of 

1990, 0.42 for 1996, and 0.44 for 2000, respectively. 

Afterwards the cubic convolution resampling was 

implemented. This paper adopted three transformation 

methods, PCA for reducing data redundancy, TCT for 

brightness, greenness, and wetness, indices for water, 

clay, iron, and ferrous iron. The generated color image 

from only the first three PCA bands is usually used 

for interpretation and classification because it can 

agglomerate almost total information of original 

images. This study combined the first three PCA bands 

with the three TCT bands and four indices bands. So 

three ten new composite bands images were con-

structed (Kim et al., 2003) for 1990, 1996 and 2000, 

respectively. 

2. Classification

This study applied supervised maximum likelihood 

classification. Two 1:50,000 geographic maps produced 

from aerial photographs were used as reference maps 

for defining signatures, 1996 map for Yongin City and 

1998 map for Anseong City. The satellite map on the 

Internet (congnamul.com) was used for ground truth. 

Signature selection is the most important procedure 

for accurate supervised classification. In the two 

study areas, more than 80% of the total area is covered 

with paddy, forest, and dry vegetation. It is very 

difficult to identify these three types of land-use/ 

cover on the satellite images. Therefore this study 

modified the signature files again and again to ensure 

the high accuracy of the classification.

Finally, six types of the land-use were identified, 

such as built-up area, paddy, dry vegetation, forest, 

vacant land, and water. This study concentrated on 

the land-use change detection and especially  focused 

on the change detection of the built-up area in order 

to analyze the urbanization.

3. Classification accuracy assessment

The present study applied two kinds of classification 

accuracy assessment. First, the classification error 

matrix was used. Several measures of accuracy were 

adopted, including overall accuracy, producer’s accuracy, 
user’s accuracy, and the Kappa coefficient of agree-

ment (Kim et al., 2003; Morisette and Khorram, 2000; 

Lo and Yeung, 2007). Table 1 shows the results of 

accuracy assessment for the three land-use maps 

using samples, indicating overall classification accuracy 
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Table 1. Error matrix and classification accuracy.

Year
Reference data

Re* Cl* Nu* Pr* Us* Kappa
Bu* Pa* Dr* Fo* Va* Wa*

1990

Wa* 420 0 2 0 0 0 420 422 420 100% 99.5% 0.9947
Fo* 0 1080 0 0 0 0 1080 1080 1080 100% 100% 1.0000
Pa* 0 0 952 2 0 3 1069 957 952 89.1% 99.5% 0.9928
Bu* 0 0 6 860 0 2 863 868 860 99.7% 99.1% 0.9882
Va* 0 0 0 0 225 0 225 225 225 100% 100% 1.0000
Dr* 0 0 109 1 0 266 271 376 266 98.2% 70.7% 0.6858

 Overall classification accuracy = 96.82%, Overall Kappa statistics = 0.9596

1996

Wa* 420 0 0 0 0 0 420 420 420 100% 100% 1.0000
Fo* 0 1080 0 0 0 10 1080 1090 1080 100% 99.1% 0.9864
Pa* 0 0 630 2 0 51 637 683 630 98.9% 92.2% 0.9040
Bu* 0 0 0 861 0 0 863 861 861 99.8% 100% 1.0000
Va* 0 0 0 0 156 57 156 213 156 100% 73.2% 0.7192
Dr* 0 0 7 0 0 52 170 59 52 30.6% 88.1% 0.8750

 Overall classification accuracy = 96.18%, Overall Kappa statistics = 0.9502

2000

Wa* 420 0 0 0 0 0 420 420 420 100% 100% 1.0000
Fo* 0 1076 0 0 0 0 1080 1076 1076 99.6% 100% 1.0000
Pa* 0 3 632 0 0 3 731 638 632 86.5% 99.1% 0.9882
Bu* 0 0 37 863 0 32 863 932 863 100% 92.6% 0.9026
Va* 0 1 33 0 161 31 161 226 161 100% 71.2% 0.6989
Dr* 0 0 29 0 0 280 346 309 280 80.9 90.6% 0.8962

Overall classification accuracy = 95.31%,  Overall Kappa statistics = 0.9404
*Wa water; Fo forest; Pa paddy; Bu built-up area; Va Vacant land; Dr dry vegetation; Re reference totals; Cl classified totals; Nu 
number of correct items; Pr producer’s accuracy Us User’s accuracy.

of 96.82% and a Kappa coefficient of 0.96 for 1990, 

96.18% and 0.95 for 1996, and 95.31% and 0.94 for 

2000. Second, this study tested the classification 

accuracy by comparing the classified data with the 

census data. The verification results (Fig. 2) shows 

that the built-up area was underestimated because 

the satellite image can only identify the concrete area. 

Dry vegetation and forest areas which should decrease 

increased sometimes because of some confusion 

between dry vegetation and forest. And if the image 

was acquired in no cultivated season, paddy and dry 

vegetation field could be identified as vacant land. 

That is why sometimes the vacant lands were over-

estimated. However, the classification results are 

relatively high and can meet the demand of change 

detection analysis.

So the land-use maps of Yongin and Anseong 

regions were extracted by administrative boundary 

maps of the two study areas, as shown in Fig. 3.

IV. Results and discussion

1. Spatial dynamic pattern

In order to analyze spatial dynamic pattern of urban 

expansion, the urban areas of Yongin and Anseong 

regions in 1990, 1996, and 2000 were extracted, as 

shown in Fig. 4.

In Yongin region, the mean value of annual urban 

growth rate was 6.0% during 1990-1996. The expansion 

areas were mainly distributed along the national roads 

and expressways. However, in 1996-2000, the annual 
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(a) Yongin, 1990 (b) Yongin, 1996

(c) Yongin, 2000 (d) Anseong, 1990

(e) Anseong, 1996 (f) Anseong, 2000

Fig. 2. Verification results for classification using census data.

urban growth rate was up to 18.5%. The high-speed 

urban expansion areas were distributed not only along 

the national road and two expressways but also in the 

southeast and southwest regions.

In Anseong region, the urban area increased at an 

average annual rate of 4.6% from 1990 to 1996. The 

increased built-up areas were located in the west 

middle region. During 1996-2000, the mean value of 

annual urban growth rate reached up to 22.0%. The 

expansion showed an ‘urban sprawl phenomena’ and 
most of the high-speed growth areas lay on the 

northeast, middle west, and center regions.

2. Temporal disparity

Through change detection analysis of the six maps 
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(a) Yongin, 1990 (b) Yongin, 1996 (c) Yongin, 2000

(d) Anseong, 1990 (e) Anseong, 1996 (f) Anseong, 2000

Fig. 3. Land-use maps of Yongin and Anseong regions.

(a) Yongin, 1990 (b) Yongin, 1996 (c) Yongin, 2000

(d) Anseong, 1990 (e) Anseong, 1996 (f) Anseong, 2000

Fig. 4. Urban land-use maps of Yongin and Anseong regions.



Dae-Sik Kim / Spatio-temporal change detection of land-use and urbanization in rural areas using GIS and RS

CNU Journal of Agricultural Science 38(1), 2011. 3 159

Table 2. Conversion matrix of land use/cover change in Yongin region from 1990 to 1996 (unit: km2).

LULC type
in 1990

LULC type in 1996
Total

in 1990Built-up Paddy Dry 
vegetation Forest Vacant land Water

Built-up 5.5 3.9 1.7 1.6 2.1 0.0 14.8 
Paddy 7.1 45.1 16.5 49.5 14.3 0.7 133.2 

Dry vegetation 4.6 24.4 11.1 21.4 10.9 0.1 72.6 
Forest 3.0 17.1 8.9 313.4 12.3 0.5 355.1 

Vacant land 0.7 2.6 1.0 3.6 1.3 0.0 9.2 
Water 0.1 0.9 0.2 0.8 0.5 5.8 8.4 

Total in 1996 21.0 93.9 39.4 390.2 41.6 7.1 593.3 
Change rate (%) 42.2 -29.5 -45.6 9.9 351.6 -14.9 －

Table 3. Conversion matrix of land use/land cover change in Anseong region from 1990 to 1996 (unit: km2).

LULC type
in 1990

LULC type in 1996
Total

in 1990Built-up Paddy Dry 
vegetation Forest Vacant land Water

Built-up 2.8 3.6 1.5 0.7 1.2 0.0 9.8
Paddy 4.5 64.5 21.3 30.9 15.6 1.0 137.6

Dry vegetation 3.8 50.9 23.4 19.7 16.2 0.3 114.3
Forest 0.9 11.9 6.0 239.4 5.9 0.3 264.4

Vacant land 0.7 7.0 3.9 5.3 2.9 0.0 19.8
Water 0.2 0.5 0.1 0.5 0.3 5.7 7.3

Total in 1996 12.8 138.3 56.2 296.5 42.1 7.4 553.4
Change rate (%) 30.8 0.5 -50.9 12.1 112.2 1.9 －

of the two study areas (Fig. 3), four land use/cover 

conversion matrices between 1990 and 2000 were 

produced, as shown in Tables 2-5. The conversion 

matrices show that land-use changed significantly 

during 1990-2000 in both Yongin and Anseong regions. 

According to analysis of conversion matrices, the 

built-up area increased continually from 1990 to 

2000. Paddy, dry vegetation, and forest which should 

have decreased increased sometimes instead because 

of some confusion between paddy, dry vegetation, and 

forest. But the total area of these three land-use 

types was decreased, -6.7% and -4.9% during 

1990-1996, and -3.7% and -3.6% during 1996-2000 

in Yongin and Anseong, respectively. Also, if the crops 

haven't been planted when the images were acquired, 

the paddy and dry vegetation field could be identified 

as vacant land. So vacant land also increased or 

decreased from time to time. Although the built-up 

area increased continually, there is a great disparity 

in the two periods, which happened in both study 

areas. 

In 1990-1996, the built-up area increased from 14.8 

km
2
 to 21.0 km

2
 with a growth rate of 42.2% in Yongin 

region (Table 2). Meanwhile, the expansion of urban 

area also happened in Anseong region, from 9.8 km
2
 

to 12.8 km
2
 with a change rate of 30.8% (Table 3). Fig. 

5 presents the area ratios of five land-use types 

changed to built-up area during the periods 

1990-1996 and 1996-2000 in the two study areas. It 

indicates that, in both study areas from 1990 to 1996, 

the increased built-up area mainly converted from 

paddy, dry vegetation, and forest, with area ratios of 

46%, 30%, and 19%, respectively, in Yongin region, 

and 44%, 38%, and 9% in Anseong region. The period 
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Table 4. Conversion matrix of land use/land cover change in Yongin region from 1996 to 2000 (unit: km2).

LULC type
in 1996

LULC type in 2000
Total

in 1996Built-up Paddy Dry 
vegetation Forest Vacant land Water

Built-up 10.4 3.0 2.4 0.8 4.2 0.1 21.0
Paddy 12.1 32.2 23.2 11.1 14.9 0.4 93.9

Dry vegetation 4.7 9.7 13.0 5.4 6.5 0.1 39.4
Forest 7.8 18.3 29.9 325.3 8.6 0.2 390.2

Vacant land 6.2 8.3 14.4 5.7 6.9 0.2 41.6
Water 0.1 0.8 0.1 0.3 0.1 5.8 7.1

Total in 2000 41.4 72.4 83.0 348.5 41.2 6.7 593.3
Change rate (%) 97.0 -22.9 110.5 -10.7 -1.0 -5.2 －

Table 5. Conversion matrix of land use/land cover change in Anseong region from 1996 to 2000 (unit: km2).

LULC type
in 1996

LULC type in 2000
Total 

in 1996Built-up Paddy Dry 
vegetation Forest Vacant land Water

Built-up 3.9 3.3 2.4 0.5 2.5 0.2 12.8 
Paddy 12.3 52.6 39.8 11.1 21.5 1.0 138.3 

Dry vegetation 4.3 15.6 23.1 4.8 8.1 0.3 56.2 
Forest 4.4 12.5 31.9 242.0 5.4 0.2 296.5 

Vacant land 3.4 11.2 16.9 4.1 6.3 0.3 42.1 
Water 0.1 1.3 0.1 0.4 0.1 5.5 7.4 

Total in 2000 28.4 96.4 114.3 262.9 44.0 7.4 553.4 
Change rate (%) 121.6 -30.3 103.5 -11.3 4.4 0.0     －

Fig. 5. Area ratio of land-use changed to built-up area during 
1990-1996 and 1996-2000.

1996-2000 is referred to as ‘fast expansion stage’ of 
urban area for both study areas. In Yongin region, 

built-up area increased by 20.4 km
2
 with a change 

rate of 97.0% (Table 4) and the increased urban area 

primarily converted from paddy, forest, and vacant 

land which accounted for 39%, 25%, and 20%, 

respectively. At the same time, in Anseong region, the 

urban area increased by 15.6 km
2
 with an increase rate 

of 121.6% (Table 5) and the increased built-up area 

mostly came from paddy, dry vegetation, and forest 

as well with the ratios of 50%, 18%, and 18%, 

respectively.

3. Discussion

As two local cities near Seoul, Yongin and Anseong 

had undergone a great change in land-use, especially 

a big decrease in arable land and increase in built-up 

area known as urbanization which is accelerated by a 

policy of new residential development promotion for 

dispersing the population of Seoul (Kim et al., 2003). 

According to the census data, during the period 1990 

to 2000, the percentage increase of the population and 

built-up area were 110.1% and 55.9% in Yongin, and 
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7.1% and 34.2% in Anseong, respectively.

This study used three Landsat-5 TM images 

acquired in 1990, 1996, and 2000, respectively, to 

analyze the land-use change and urbanization. 

Supervised maximum likelihood classification was 

applied. Two kinds of accuracy assessment methods 

were used. First, the error matrix was applied. And 

it shows that the overall classification accuracy and 

Kappa coefficient of the classified land-use maps were 

96.82% and 0.96 for 1990, 96.18% and 0.95 for 1996, 

and 95.31% and 0.94 for 2000. Second, this study 

tested the classification accuracy by comparing the 

classified data with the census data, indicating that 

the classification results also have high accuracy. 

From the conversion matrix, the built-up area 

increased from 1990 to 2000 with growth rate of 

180.2% and 189.9% in Yongin and Anseong, re-

spectively. And it also indicates how the land changed 

from the conversion matrix. For example, the 

increased built-up area mainly converted from paddy, 

dry vegetation and forest. But we can not know it from 

census data. So the use of satellite imagery for 

monitoring urban encroachment can provide both land 

use planners and conservation bodies with visually 

striking material and can contribute to a quantitative 

assessment of the rate of land transformation 

(Quarmby and Cushnie, 1989).

V. Summary and conclusion

This study analyzed the spatio-temporal change 

detection of land-use and urbanization during the 

period 1990 to 2000 in Yongin and Anseong regions 

which are located in the south of Seoul, using RS and 

GIS. Supervised maximum likelihood classification 

was used to classify the land-use types into six 

classes with classification accuracies of 97%, 96%, and 

95% for 1990, 1996, and 2000 Landsat-5 images, 

respectively.

This study demonstrated the temporal disparity 

during the two periods. In 1990-1996, the built-up 

area increased by 6.2 km
2
 with a growth rate of 42.2% 

in Yongin region while the results were 3.0 km
2
 and 

30.8% in Anseong region. But during the period 

1996-2000, as ‘fast expansion stage’ of urban area for 
both study areas, the results were 20.4 km

2
 and 97.0% 

in Yongin region, and 15.6 km
2
 and 121.6% in Anseong 

region. The increased built-up area was converted 

mainly from paddy, dry vegetation, and forest, which 

happened in both periods and in both study areas. The 

urban expansion of Yongin region showed a spreading 

trend mainly along the national road and two 

expressways, Kyungbu and Chungbu, which is a very 

common phenomenon in the urban development of 

many cities. One explanation is that accessibility by 

road construction leads this kind of urbanization 

phenomenon. But in Anseong region, the expansion 

showed an ‘urban sprawl phenomena’ with irregular 

shape like starfish. And this phenomenon seems to 

have expanded to further rural areas.

The built-up area of Yongin region is larger than 

Anseong in the whole 1990s because Yongin is closer 

to Seoul than Anseong. And from 1990 to 1996, the 

change rate of built-up area in Yongin is higher than 

in Anseong region. However, from 1996 to 2000, the 

growth rate of built-up area in Anseong is much 

higher than in Yongin. This result demonstrates that 

the effect of the residential development policy 

continued and had reached further areas away from 

Seoul. As mentioned above, the increased built-up 

area mainly converted from paddy, dry vegetation, and 

forest, which will certainly result in farmland loss, 

food shortage, and ecological damage. It is important 

to realize that today’s urbanization should not be at 
the expense of tomorrow’s food production and natural 
environment, and therefore reasonable land-use 

policy should be adopted for sustainable development 

which is defined by the World Commission on En-

vironment and Development as "forms of progress that 

meet the needs of the present without compromising 
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the ability of future generations to meet their needs".
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