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Classification of the damaged areas in the DMZ (demilitarized zone)
using high-resolution satellite images and climate and topography data
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ABSTRACT

In this study, we 1) identified the damaged areas along the south limit line (SLL) of the demilita-
rized zone (DMZ) by the military’s ‘DMZ barren land campaign’, and 2) categorized the identified
damaged areas into a few ecological types. Using high-resolution satellite images, we delineated the
total damaged areas to be 1,183.2 ha, which accounted for 50.1% of the 100-m northern buffer regions
from the SLL. Of the total damaged areas, 16% were severely damaged, i.e., they had been damaged
until recently and so remained barren without vegetation cover. In other areas, the levels of damage
were either moderate (59.9%) or slight (24.1%), due to natural succession that turned those areas to
grassland or forest. Using satellite image-derived land cover maps and climatic and topographic data,
we categorized the damaged areas into seven types: lowland grassland (19.8%), western lowland forest
(21.4%), low-altitude forest (25.5%), mid-altitude forest (18.4%), high-altitude forest (6.8%), vicinity
in east coast (7.9%), and waterbody (0.2%). These types can be used to identify proper measures to

restore ecosystems in the DMZ for now and after Korean reunification.
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Figure 1. (a) a map showing the entire study area, and (b) an enlarged map with digitized damaged areas
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Table 1. Specification of the three Rapideye images used in this study

Images
Properties mag
West Central East
Location West coast to Cheorwon-gun to Yanggu-gun to
Choerwon-gun Yanggu-gun east coast
. 14-Sep-2017, 13-Sep-2017, 13-Sep-2017,
Date / Time (UTC) 02:43:39 AM 02:42:08 AM 02:23:13 AM
Sensor Rapideye-4 Rapideye-3 Rapideye-4
Sensor incident angle 15.7° 15.7° 15.1°
Solar angle azimuth / elevation 100.7°/53.9° 162.0°/54.2° 155.0°/52.7°
Table 2. Environment variables used for the damaged area classification
Environmental variables Notes
Altitude (m)
Slope (%)
Annual solar radiation (KWH/m")

Solar radiation in the growing season

Solar radiation during Apr and Oct (KWH/m’)

Streamline

Streamlines whose catchment areas >0.3ku’

Normal temperature in the coldest month

Normal temperature in Jan (C)

Normal temperature in the warmest month

Normal temperature in Aug (C)

Average normal temperature in the growing season

Average normal temperature during Apr and Oct (C)

Annual precipitation

Annual normal precipitation (mm)

Precipitation in the growing season

Normal precipitation during Apr and Oct (mm)

Ratio of forest in 500-m buffer

(%)

Ratio of grassland in 500-m buffer

(%)

Ratio of waterbody in 10-m buffer

(%)
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Table 3. Confusion matrices of the three SVM classification

Referenced
West image Bl?;rnrzn Built-up Farmland Forest ?;alzs \Zgé;r Total accziir}zs(%)
Barren land 100 0 0 0 0 0 100 100
Built-up 0 100 0 0 0 0 100 100
Farmland 0 84 1 5 0 90 933
Forest 0 0 1 97 2 0 100 97
Predicted  Gryg51and 0 15 93 0 110 84.5
Waterbody 0 0 0 0 0 100 100 100
Total 100 100 100 100 100 100 600
afcrgfa‘lccyer(;) 100 100 84 97 93 100
e=11.0, y=1.2
Overall accuracy=95.7%
Kappa coefficient=0.948
Referenced
Gl e B gy [ e G W q | U
Barren land 90 8 0 0 2 0 100 90
Built-up 6 91 0 0 0 0 97 93.8
Farmland 2 0 87 0 2 0 91 95.6
Forest 0 0 0 98 1 0 99 99
Predicted  Grassland 2 0 13 2 95 3 115 82.6
Waterbody 0 1 0 0 0 97 98 99
Total 100 100 100 100 100 100 600
am;“(’;) 90 91 87 98 95 97
e=12.0, y=1.0
Overall accuracy=93%
Kappa coefficient=0.916
Referenced
East image Bl?;rnrzn Built-up Farmland Forest ?;alzs \Z(?é;r Total acciiir}’rs(%)
Barren land 83 7 1 0 2 0 93 89.2
Built-up 7 93 0 0 0 0 100 93
Farmland 1 0 89 1 4 0 95 93.7
Forest 0 0 0 96 0 1 97 99
Predicted  Grassland 9 0 9 2 94 1 115 82.6
Waterbody 0 0 1 1 0 98 100 98
Total 100 100 100 100 100 100 600
afcrzi‘;;“(;) 83 93 89 9 %4 98
e=5.0, y=5.0

Overall accuracy=93%
Kappa coefficient=0.916
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Table 4. Land cover status and levels of damage in the study area

Entire study area Damaged area only

Land

and cover types ha % ha % Level of damage
Forest 1,227.7 519 285.0 24.1 Slight
Grassland 914.8 38.7 708.7 59.9 Moderate
Barren land 136.4 5.8 1294 11 Severe
Built-up 72.3 3.1 59.4 5 Severe
Waterbody 12.6 0.5 0.7 0
Total 2,363.8 100 1,183.2 100
3} olm=o] YYE Roltk B, EANBA  Jeke dabt =EE KetoR APk
o] 2A|Ql R BF =9l xew 7o &
Aol S8 F Gk AR ot 2877 BF I Z3} % az
g =2 AQHelsh 198 Ttk vzt
2 BEAEAge] UA] e Ax2AQ 22 1. AFIHMR] WY EX|m[=5igt

S g&" Xog, o] §YL o 23 <o)
ol HI7HA| ZFgslo] YA 7t ad R et

= ¥ EE TRERY AZe] g Rolth

3) DMZ 24| #3s}

B Ao AE K-Means Clustering(KMC) S
o] &3le] Table 29 137] IAHSFE EA
(feature) &2 d}= 5/ F<H(feature space)ol|A]
DMZ EEA AAd #3& Zo} BERAE
fragketath. KMCe v 47F K2 FojAd
K Hete] 2417} dolgeke] Aele] §ol A
7F {55 K 739 $4 dolE Y &% 4
< BHER R AAMSe GuElFo R, bl
7} 54 I3l AdARl e st
A& o o]& Zrolg= WY o|th(Hartigan and
Wong, 1979). & ¢l A= Rapideye 97/l A]
T-83F E52] 5 Rapideye G7ge] A F7]o] ¢
# 5me] E HolHE WS v, 7} Alo]
o' 3ol &3t=A5 KMCE o] &3 A% st

ATk KMCe 54 F3llAel 43 wetA<l
K7He] 5ol slvta 7hgeted, o714 Kk
& dlolele] A4S nelste] APAt AR}

oJo} g-Th(Hartigan and Wong, 1979). ¥ 2]
A Kitg 308 2077 B EnAE
BRI, o F A4 @Y 4B Mg A

SVM-RBFZ %43 Rapideye 34S EF3
A3, ERPLET 3 Y BT 93% ©l4,
Kappa AlF= 25 09 ooz =74 yehd,
e EXYEAGE=TE AFE F e vl
HAdS & 4 UATHTable 3).

AFNEA DMZ AN 2A 5%
100m A 99| EX| 75 4H7lo] 1,227.7ha,
ZA7} 914.8ha®, 242y A A 73412 51.9% 2
38.7% 5 AAstA, AR 22 9] v]go] Ay
Ao =88 o 4 9UTHTable 4). 27| F
die o R4 AHor A Hem B
ojuf, shxdolut FA Q12 A A WA &
W7 Ei=o] Hold ZAE A e Ao
2 AetEn 718 UA|of A xA], o] 242}
136.4ha(5.8%), 72.3ha(3.1%), 12.6ha(0.5%)2]
H &2 ¥t AU

2. DMZ E2X| &g
Rapideye <7dollA] A7) dA]o] gt EX|
NEHGE F5F A3, DMZ BEA FHo
2 g B9 A WAL 1,183.2ha%th
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Table 5. Classification of the damaged areas through K-means clustering

Types (Abbr.) - Area %
Lowland grassland (LG) 234.5 19.8
Western lowland forest (WLF) 253.5 214
Low-altitude forest (LAF) 302.0 255
Mid-altitude forest (MAF) 2174 184
High-altitude forest (HAF) 799 6.8
Vicinity in east coast (VEC) 93.4 79
Waterbody (WB) 25 02
Total 1,1832 100

ERA R 73E A 9] EXI5EHI-S A
o U2 dolodE A9o] 1294ha® HA &
229 11%E 2FAeHaL UL, 59. 9%01 708.7ha
E %A, 24.1%9] 285.0hat AP o7 EFLo],
A BREA 5 80% ©]7de] A|el|A XXM A
Ho 29 A o7} xlgge]o] AAo] Lzbe|x

Aee & F AU 59 24.1%9 ol2E ER

Ae A oRE FRE, A 14 7HEe] ERA]
© BRASH o] F g Algte] st} B
T wEo] zkka Uitk Vg ERA F
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AME AR AR, AT AR, FaE AR, 3 cred ddief AdT A A Ao, A
A A=A, sk 92, e E HHst T AT Lol Ao A gk 2
(Table 5). A el 2 E¥E5I3 th(Figure 2a). ©] 3
AAY 22 FF(LG) : AAY = l FEL < Hddag) ‘étd?l%f S Hdd6Y) ¥
DMZ TA% dU(A7|= g4 Add =gt d7lee 5 FP o E(Figure 3), THALS

(a) Lowland grassland (LG)

South Limit Line(SLL)
mmm Lowland grassland

(c) Low-altitude forest (LAF)

South Limit Line(SLL)
= Low-altitude forest

(e) High-altitude forest (HAF)

South Limit Line(SLL)
mmm High-altitude forest

(g) Waterbody (WB)

South Limit Line(SLL)
mmm \Waterbody

(b) Western lowland forest (WLF)

South Limit Line(SLL)
mmm \Western lowland forest

(d) Mid-altitude forest (MAF)

South Limit Line(SLL)
mmm Mid-altitude forest

(f) Vicinity in east coast (VEQC)

South Limit Line(SLL)
mmmm Vicinity in east coast

Figure 2. Maps of the damaged areas for each type (Abbr. LG; Lowland grassland, WLF, Western lowland
forest, LAF; Low-altitude forest, MAF; Mid-altitude forest, HAF; High-altitude forest, VEC; Vicinity

of east coast, WB; Waterbody)
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2345ha 2 AA BERA WA 9] 198%= A6} 2] %Skth(Figure 2b). ©] F3= L (1Y) ¥
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o] B | gof] F¥x3lo] ERA 2oz o F HMAR WAool Hof, HA BEEA
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TAE 7% BFAleh AT JFH o @ HFigure 4).
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Figure 3. Averages of environmental variables for seven types of the damaged areas (Abbr. LG; Lowland grassland,
WLF; Western lowland forest, LAF; Low-altitude forest, MAF; Mid-altitude forest, HAF; High-altitude
forest, VEC; Vicinity in east coast, WB; Waterbody)
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Figure 3. continued
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Western lowland forest, LAF; Low-altitude forest, MAF; Mid-altitude forest, HAF; High-altitude forest,
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