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Shin, Jin-Min** - Kahng, Byung-Seon™ - Lee, Kyoo-Seock™*

**Graduate Student, Dept. of Landscape Architecture, Sungkyunkwan University
***Dept. of Landscape Architecture, Sungkyunkwan University

;:l'{_

=
=i

e
B

YT Holdt ZR S A 08 BEVEIE £& A9 e AtelA 98 571 ASE Ao EA
Z HZ‘—Eh telslojoF st e FYFUAME -Z-Qdfl AAHAE e ALAA7} ol HEA AYHL
ol2f3 AP E TAH 02 U] M BE FEALS BEol FsL 53] EAlolgHge] sefo]
m_rLE]Ur 35“’1 TEFALE 2 BERjo[ 3ot AoEe] gtk TR, B A9 SF= EAol SR E Ads
T FHF LM AAHE HL7t FTETL EAolSHste] vl e Aetdo A FHe U &7
% A Bl g de) qlvh
T @ ASHETEs ok LE 198812 8] 1998'37}4)9] EA|o| 2SI Hetelr] 5] dAEA AAEE
olg-aled 270 ] Landsat TM G44E 7[stEA sl EXSEERE FE300k oIE W1R0E JTAF BAZALE
&3 Sleted A BAJo 1%53.3% QJr EAolgHst=E GISY| i=aslan GISY 2471%% o8t 10d
7+e] EXolgste] tel sorsid
EAolgHs got Z3, FX 9} LPEHZW AEIFEETY WA N4 43.7ha, 102.2ha 2t A} 4HE
WA= 121.0ha, 24.8ha. Zkzk S71EI5TE AHlS] $7he 19881 YARRTEAL abde] 7HgRIE frEEol FAAE
ﬂ*-?rﬂ"*':* 0] 109 ¥ YPlMe Ages 2R ZA= s AAd e ABN=ETd S AzAA
27 F2] TNRE 71 AT e ALHAT JHAE RRE QI8 HaHUch A Frhe AFA T

m>'

" ¢ Ths projecl was supported by grant No, R01-1999-000-00173-0 from the Basic Research Program of the Korea Science &
Engincering Foundation



20024 8H]

QAL IS8 5T ATAZYLYS =70 3 95

A1) :r’-°ﬂ/\1 FEHRLH

B 97€ 4% 29 480 339

ox

4

SAThE pehETh

VT T AFIA A,
o) 74 & EXo|guisls A Aoigen] ol Uk
AU ek AAAFE Y WSV B2 910 AATS AATS 018 ok olsAck ek
2k 2 APl YT EACISNSEE §F IREAY A ¥5E sekiE ool &

F7A, WA BF gaeiy By AEA7} Frksts.

]M;q:rr_o] )\]Jﬂoﬂ

FHOZ ojaxm

Key Words : Change Detection, Land Use Change, National Park, Remote Sensing

I . INTRODUCTION

There are many valuable places with scenic
landscape and ecological preservation areas in the
national park. Bul many site developments were
done early in the history of Korea national parks.
Lack of necessary resource data prevents the
government from regulating proposed land
activities. A actual land use mapping is required
to manage the natural environment and resources
effectively. Satellite remote sensing(RS) is less
expensive than aerial photography or field survey
for producing land use maps, and can be accessed
quickly and repetitively for large areas(Jensen,
1996). RS data can be
topographic map and other thematic maps using

integrated with a

geographical information systems(GIS) to manage
the natural resources of the national park. Landsat
TM data has been used widely for land cover
classification. Recently the launch of IKONOS
and KOMPSAT(KOrea MultiPurpose SATellite;
Arirang No. 1)
high-resolution satellite data in land use change

made it possible 1o use
detection.

The purpose of this study is to detect areas and
types of changed land use using a matched pair
of TM images from a ten year period(1988-1998)
and KOMPSAT EOC data to produce a land use

map using GIS to monitor landscape changes.
The ultimate goal of this study is to contribute to
the effective management of natural resources,

Il. MATERIALS AND METHODS

1. Study Site

Kyeryongsan National Park is located in the
central part of Korea, 154km south from Seoul.
The area is 61.15kt. Of this area,
95.6%(57.88km?2) is covered with forest, and
13.9%(8.5km2) of the park is designated as a
Natural Preservation Zone. That area is in
demand for possible development because it is
only a few kilometers from Taejon Metropolitan
Area. Private land occupies 43.2%(26.4km2) of
the park including the Buddhist Temples(9.8%, 6

kn). Figure 1 shows the study site.

2. Data

Landsat TM images were used because of easy
data acquisition and the large numnber of spectral
bands. KOMPSAT image was used to enhance
visual interpretation. Table 1 shows dates of
Landsat and KOMPSAT data used.
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Table 1. Satellite data used

Platform Date Path/Row | Sensor Cloud ratio Spatial resclution Data level | Geographic coordinafes,
T andsat 1988.102 115/36 ™ clear 30m BK 127°00 " - 125°00
1993.102 115/35 ™ clear 30m BK 35°15 7 - 37°00
., 127°05 " - 127°20
Kompsat 2000, 58 2025 EOC clear 6.6m 1R 017 - 36057

=] National Fark
. Cantour
Road

L] 3 12 Kilomrters

Figure 1, Study site

To correct geometric distortion, coordinates in
topographic map were used. As well, a forest
stand map and cwrent vegetation map were also
used for defining distinct feature spaces, and
selecting training sets. Aerial photographs were
used to correct land cover classification errors.
Table 2 shows aerial photographs and other
thematic data used.

Table 2. Ar photos and other thematic data used

Themsztic Map FScaIe Wublisher YearL Attribute
. B {National Topography,
TOOBTEBMC |2 500 | Geography | 1996 [Fycily.
. [nstitule Cireulafion
Forest Forest stand
Digilal Forest |, 0e 00 |Researcn | 1904|2288 C188,
Stand Map ) Diameter Class
Institule .
Crown density
Digital Current |, . Ministry of Vegetation
Vegetation Map 150000 Environment 1968 | Community
National

Aenal C (120000 |Geography | 1998 (Detailed feature
Photogephy | Instjue

A digital elevation model(DEM) was generated
from a 1:5,000 scale topographic map using
ArcView. A forest stand map and current
vegetation map were also integrated with
ArcView GIS Ver. 3.1(ESRI Inc., 1996).
ArcView was also used to analyze, edit, retrieve
spatia] information, and to produce output.
Geomania Ver. 1.0 was used to convert data,
and PCI Ver. 7.0(PCI Software Inc., 1998) was

used for satellite image processing.

3. Data Processing

Data preprocessing consisted of terrain effect

correction and geometric  correction. The
Lambertian assumption was used to comrect for
terrain slope in the area that receive direct solar
illumination. Radiance is assumed to be
proportional to the cosine of the incident angle.
The incidence angle is the angle between the
surface normal and the solar beam(Ekstrand,
1996), and the raw radiance data for pixels in
each band are stretched 0 to 255(Civco, 1989).
DEM was used in this procedure.

In  geometric  correction, ground  control
points(GCP's) were selected by referring to dominant
featwes in the topographic map such as bridge,
reservoir and highway intersections. After the
transformation, bilinear interpolation was used in
resatnpling.

Information classes were formed after the
initial unsupervised classification and image

enhancement was done, Information classes are
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grouped by land cover type, into which the
image is to be segmented. After that, training
sets were chosen by referring to topographic
maps, KOMPSAT EOC image, air photos, other
thematic maps, and field surveys. A maximum
likelihood classifier was used for supervised land
cover classification, and the resulting classes
were merged according to the land use

classification  system. Finally, classification
accuracy assessment was done by comparing on
a category-by-category basis, thc relationship
between ground truth data and the corresponding
digital
represented in a confusion matrix(Lillesand and
Kiefer, 1994).

By overlaying the landcover classification map

results of an classification. It was

and thematic layers from topographic maps and
other ground reference data, a land use map was
generated based on the land use classification
system in Table 3. Tn this study, the classes of
level T are represented in the land use map. Tt
was based on the land cover classification
system(Korea Environment Institute, 1999) and
the land use classification system(http://www.
kict.re kr), which were designed considering

Table 3. Land use classification system in study area

Level T Level I Note
Urban

Built-up
Trangportation
Recreation facihilies
Paddy field

Dry field

Orchard

Broad-leaf [lorest
Coniler forest
Mixed forest

Rock bed

River

Reservoir

Under development
Open land

Urban & Built-up

Golf Course

Agneuliure

Forest

Water

Bare & Open land

existing foreign systems such as USGS,
Geographic  Survey of Japan, Ordnance
Survey(Korea Environment Imstitute, 1999;

http://www Kictre.kr). Also, the characteristic of
the national park was also considered in this
study. The affine transformation was used to
convert image coordinales to  corrected
coordinates. The land use change detection was
done by comparing the land use maps of 1988

and 1998.

. RESULTS AND DISCUSSION

1. Land Cover Classification

At first, mixed forest, conifer, broad-leaf forest
were not separated in images of 1988 and 1998
due to the low classification accuracy. So, forest
type classes were merged and finally five classes
were reclassified as forest, agriculture, water,
urban and bare soil. Digital classification
accuracy of both years images were assessed.
Overall  accuracy of the 1998 image
classification was 94.6%(Table 4), and that of
the 1988 98.6%(Table 5). The

classification accuracy assessment was obtained

image was

for the whole study site(population data) and
there by, pot limited to sample data. Overall
accuracy was calculated from the sum of
coincident values between classified data and
reference data. These sum were divided by the
whole area(5,888.79hs). In this calculation, the
golf course was omitted because it was not
discriminated in the classification. Because most
of the site is covered by mountain forest, it
shows highly accurate classification.

For the reference data, aerial photography,
KOMPSAT image and topographic maps were
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Table 4. Confusion matrix of classification image(1988) (Units & ha)
Reference Data
Ulassified Defa Forest AgricultureT Water U]gbu?lrg—id Bare soul | Golf course Surn User's Accuracy®
Forest 5.409.09 2.52 0.72 15.03 0.18 2506 5.943.10 992%
Agriculture 720 5751 045 1314 155 | 315 147.73 389%
Water 0.00 000 | 000 0.00 000 | aow 0,00
Urban 999 2.97 0.00 12.24 0.00 1.80 2700 45.3%
Bare 14418 1431 0,00 7.92 0,09 441 17091 0.1%
Sum 5.729.26 7731 1.17 48,33 180 34.92 5,888,779
Producer’s Accuracy® 96.0% 744% 25.3% 5.0%

%, ™ Producer's accuracy and user's accuracy mean measure of omission error and commission error respectively.

Table 5. Confusion matrix of classification image(1998) (Units : ha)
Reference Dala
Classified Data Forest Agnculture Water U]gz?;tl_id Bare soul | Golf course Sum User's Accuracy®
Forast 5,687.10 (.18 0,00 0.00 0.00 015 571743 995%
Agriculiure TAT 7344 0,00 342 0,00 144 45.77 85.6%
Water 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Urban 3033 369 117 44.91 144 315 8.69 53.0%
Bare (.36 000 0.00 0,00 036 (.18 .90 400%
Sum 5.725.26 I a0.31 117 | 4833 1.30 3492 5.888.79
Producer's Accurzey® | %93% | 95.0% 92.9% 0%

2 " Producer’s acouracy and user's accuracy rmean measure of omission error and cormrnission error regpectively,

used. KOMPSAT EOC image was very helpful
in correcting misclassified pixels by visual

interpretation -e. g., golf course(EOC) vs.
agricultural field(TM).

3 [ Natlonal Park
198Blucls
Forast
_ Agriculture

2. Actual Land Use Map Ay -

Galf coursa

Rocks in mountain ridges were misclassified
as bare soil, and some misclassification between

forest and agricultural field were evident. They
were corrected by referring to ground truth data.
Uncertain areas for classification were verified
by field check. Figure 2 shows the land use
maps of the site in 1988 and 1998, It was found
after field check that dry reservoirs or
stream-beds which show a very high brightness

Agricultura
il Water

Urban

Bare soil
(") Golf courss

values were misclassified as bare soil or urban 5
b: Land use map in 1998

development. So these areas were correctly
identified for land use map generation. Figure 2. Land use map
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3. Land Use Change Detection

By correcting the misclassified pixels, land use
maps of both years were generated and
compared pixel by pixel. Table 6 shows the land
use change in the study area between 1988 and
1998, After detecting the land use change by
referring to both land use maps, agricultural area
and bare soil decreased by 43.7ha and 102.2ha,
respectively, while developed land and forest
increased by 24.8ha and 121.0ha, respectively,
from 1988 to 1998(Table 6). The reason for
increase in developed area is mainly due to the
development of the second Tonghaksa Service
Facility Zone(SFZ). Il can be also explained by
the conversion of agricultural area for building
construction. The increase of forest area is due
to the growth of seedling forest, which was
misclassified as grass area(agricultural field) in
the 1988 image. However, some agricultural

fields(11.6ha) and bare soil(7.7ha) were changed

into developed land. Such trends are shown in
Tables 7 and 8.

Tables 7 and & show the land use change in
the Settlement Zone(SZ), and Service Facility
Zone(SFZ), respectively. Forest and developed
land 12.6ha 12.6ha
respectively, while agricultural land and bare soil
decreased by 9.9%ha 15.21ha
respectively. Table 8 shows change detection in
the Service Facility Zone(SFZ). Developed land
increased by 5.7ha while agricultural land and
bare soils decreased by 1.53ha and 2.7%ha. in
the SZ and SFZ. Human -effects
agricultural land and bare soils into developed
land.

Figures 3 and 4 show the land use change

increased by and

area and

changed

map in the second Tonghaksa Service Facility
Zone, and Sangsin Settlement Zone, respectively.
As we can see in Figure 3, agricultural area and
forest are converted into urban area for the
second Tonghaksa SFZ development. In the SZ,

Table 6. Land use change in Kyeryongsan National Park between 1988 and 1998 (Units © ha)

1598 1988 Forest Agriculture Water Urban and Buill-up | Bare and Open land Golf Course Sum

Forest 5682.07 51.48 045 846 £2.80 0.00 572526

Agriculture 3.24 57.78 (.00 2.70 13.59 0.00 7731

Water 0.63 0.00 0.54 0.00 0.00 0.00 117

Urban 16,74 11.61 0.00 12.33 7.9 0,00 4833

Bare sall 162 018 (.00 .00 0.00 0.00 180

Golf ocourse 0.00 0.00 0.00 0.00 0.00 3492 3492

Sum 560430 121.05 0,99 2349 104,04 34.92 5888.79
Changed area 120.96 -4374 (.18 24,84 -102.24 0

Table 7. Land use change In SZ between 1888 and 1998 (Units : ha)

1998 1988 Forest Agriculture Water Urban and Built-up | Bare and Open land Galf Course Sum

Forest 1701 333 0.00 0,00 472 0.00 30.06

Agrculture 045 7.83 0,00 0.09 0.80 0.00 927

Water 0,00 (.00 0.00 0.00 0.00 0.00 0.00

Urban 0.00 8.10 0.00 1.80 459 0.00 1449

Bare soil 0.00 0.00 0.00 0.00 0.00 0.00 0.00

(Golf course 0.00 000 (.00 0.00 0.00 117 117

Surm 1746 1926 0.00 1.89 1521 117 54.99
Change area 126 -10.0 0,00 126 -15.2 0
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Table 8. Land use change in SFZ between 1988 and 1998 {Units : ha)
15% 1988 Forest Agricullure Water Urban & Built-up | Bare and Open land Sum
Forest 2589 108 0 1.44 2.34 3375
Agriculture 0 0 0 0 0 0
Waler 0 0 0 ] ] 0
Urban 5.85 045 0 495 081 12.06
Bare soil 0.36 0 0 () 0 0.36
Sum 35.1 153 0 6.39 315 4617
Change area -1.35 -153 0 5.67 -2.19
4. Discussion

[T Natlanal Park

m Forest-Agriculturs
“onw] Forest-Bare soil
iEA Forest-Urban
[~—] Forest-Water
[—_] Agticulture-Bare soil
[ Agricutture-Forest
E Agricultura-Urban
:‘ Agricultura-Water
|_. | Water-Forest

LN trabn-Agricutture
£33 Urban-Bare sil
"] Urban-Forest
1] Bare-Agticulture

| ] Bara-Formsr

b iy Baro-Urban

Figure 3. Land use change map in the second

Tonghaksa S.F.Z.

[ Natlonal Park

T Forest-Agricuiture

i Forost-Ram sofl

E::r Forast-Ushan

F—i Forest-Water
Agrlculture-Bare $oil

[~ ] Agricultute-Farsat

[. =7 Agrieultura-Urban
Agriculturn-Water

[ Water-Forast
i1 trabn-Agriculture
[5o8 Urban-Bara =ail

Urban-Farast
[- 1] Bare-Agrigulture
__| Baro-Frrest
( LAl Bare-Urban

b

W |
[ 05 13 18 24 30 Kilametars

4

Figure 4. Land use change map In Sangsin S.2.

agricultural area was also converted to urban
area - especially residential development - as we
can see i Figure 4. This confirms that there is
continuous building construction in SFZ and SZ
in Kyeryongsan National Park as we can see in
most of Korean National Parks.

After completing this study, it was found that
the major land use change in Kyeryongsan
National Park is due to the building construction.
During the ten year period(1988-1998) new
service facility zone development caused
succeeding building construction. So, new SFZ
effects should be

post occupancy. The

development evaluated

carefully for change
detection map generated can be used to monitor
landscape changes effectively.

It should be also noted that the total area of
Kyeryongsan National Park is 58.89km2 derived
from RS image while the table data of the Korea
National Park Authority shows 61.15km2. So,
there is 2.26km2 difference in area which is not
uncommon in Korean National Park data as we
can see In other national parks research(Ahn,
1999). This resulted from inaccurate surveying.
More accurate surveying is necessary for proper

resource management.

IV. CONCLUSIONS

TM images from a ten year period(1988-1998)
were processed for generating land use maps,
which shows increased or decreased areas of
each land use type after map overlay comparison.
This change detection map is derived from land
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cover classification followed by ground check.
The detailed land use changes are as follows:

1. In Kyeryongsan National Park, the
agricultural land and bare soil decreased by
43.7ha, 102.2ha from 1988 to 1998, respectively,

while developed area increased by 24.8ha.

2. The forest area increased by 121.0ha during
the same period. The change is due to the
misclassification of the seedling forest in 1988
as grass area(agricultural field).

3. In the Settlement Zone, agricultural area
and bare soil decreased by 9.99ha, 15.21ha,
respectively, while developed area increased by
12.6ha. In the Settlement Zone, agriculture area
and bare soil were urbanized by 8.1ha, 4.5%ha,
respectively.

4. In the
agricultural and bare soil area decreased by
1.35ha, 1.53ha, and 2.7%ha, while developed area

Service Facility Zone, forest,

increased by 5.67ha. In the Service Facility Zone,
forest, agriculwre and bare soil area were
urbanized by 5.85ha, 0.45ha, 0.81ha, respectively.
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