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ABSTRACT

It was required to evaluate ecological restorations in a comprehensive way in order to systematically
manage conservation areas such as DMZ and national parks in South Korea. In this research we
developed a new approach to evaluating ecological restorations with more various indexes than
vegetation covering-related indexes. By analyzing damaged areas in the vicinity of DMZ, major
damaged types were identified as six classes: landform modification, surface loss, soil pollution, soil
physio-chemical modification, vegetation decline and vegetation damaged. From literature review, 39
indexes were selected and were grouped into four divisions: soil property, vegetation growth &
structure, habitat property and landscape structure & functions. By conducting a survey with the
selected indexes targeting relevant experts, data on relative importance among the divisions and indexes
by damaged type were collected. As a result, it was found that the orders and values of weighted values
of the divisions were different by damaged type: for example, soil property (0.402), vegetation growth
& structure (0.209), habitat property (0.225), landscape structure & function (0.163) for “landform
modification”; but soil property (0.171), vegetation growth & structure (0.401), habitat property (0.270),
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landscape structure & function (0.158) for “vegetation decline”. Similarly, evaluation indexes showed

different orders and values of relative importance, easiness in field measurement and representativeness

for the division by damaged type, and the values were used for calculating importance factor for each

index. In the evaluation table, scorel and score2 were made by the importance factors of indexes

multiplied by distribution values which present grades and by the weighted values of divisions. In

conclusion, while dealing with the damaged type was considered significant for evaluating and

managing restorations, further tests on this table with a range of cases were needed to improve its

quality.

Key Words : Evaluation index, Ecological restoration, Landscape analysis, Sustainable monitoring,

Restoration management.
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Table 1. Collection of selected evaluation indexes from literature review and the resulting weighted values of the
indexes by damaged type analyzed from expert survey (top indexes within a sub-division by damaged
type in shade).

Damaged type*

Division Sub-division Indexes
A B C D E F
Soil porosity (m?/m?) 0.133 0116 0.153 0.175 0153 0.137
Soil hardness 0.104 0098 0.070 0.098 0.103 0.100
Stability(No. of break/collapse points) 0210 0.191 0.091 0.097 0.115 0.103
) Soil texture 0.085 0080 0.197 0.119 0.09  0.103
gll?g;;ayl Soil depth 0128 0123 0141 0131 0156 0.157
Degree of slope 0.129 0137 0.08 0069 0.103 0.114
Soil Litter depth 0086 0140 0084 0152 0119 0.109
property Stoniness content 0.049 0050 0.089 0.063 0053 0.064
Soil moisture 0.076 0064 0.08 0095 0.101 0.113
CEC 0270 0242 0245 0204 0254 0.239
Organic content 0264 0274 0.175 0235 0230 0244
Chemicl Nitrogen 0.184 088 0166 0143 0171 0.8
propetty Phosphorous content 0.142 0135 0.150 0.145 0155 0.156
pH 0.139 0161 0265 0273 0190 0.179

Target species No. and status of target species  0.157 0149 0151 0.144 0.160 0.155

management
Species diversity Shannon’s species diversity 0133 0172 0179 0182 0.171 0.168
Vegetation importance Sum of density / Frequency / 0128 0142 0147 0151 0149 0167
factor Coverage by species ’ ' ' ’ ' ’
No. of species No. of species 0.135 0122 0.106 0.127 0122  0.125
Vegei‘;m:él Vegetation succession Retrogressive succession 0.150 0139 0.28 0103 0.138 0.141
1O
gstr:::mre No. of species by layer Dominance value by vegetation layer 0.120 0.080 0.106 0.097 0.105 0.086
D.BH Mean D.B.H 0042 0039 0042 0045 0034 0.035
Height Mean height 0.033 0041 0040 0046 0.033 0.035
. Mean crwon size
Crown size (including longest / shortest axes) 0053 0048 0042 0044 0036 0.033
. No. of layer
Layering structure (Tall tree [ short tree / shrub / grass) 0.048 0069 0.060 0063 0052 0.056
Area Restoration area 0236 0200 0.164 0209 0147 0.138
Environmental - Types and frequency of vegetation o 5y) 0235 0259 0228 0307 0257
similarity community
Hablﬁt Diversity No. of topographical convex & concave 0.128 0.121  0.076  0.098 0.058  0.069
o
property Special condition No. of cliff and wetland 0.137 0099 0.110 0.106 0072 0.079
Disturbance Area of physical damage 0.161 0207 0208 0.196 0211 0267
Disease and pest Presence of disease and pest 0.117 0.137 0.184 0.163 0205 0.191
Connectivity index 0477 0447 0414 0389 0415 0358
Continuity Landscape shape index 0248 0235 0328 0312 0273 0338
Apparent landscape harmony 0276 0318 0258 0299 0312 0.304
Landscape Patch size 0443 0353 0335 0270 0326 0276
structure & Shannon’s landscape diversity 0.162 0.165 0209 0.184 0274 0270
function Landscape patch
No. of patch 0249 0264 0211 0247 0.186 0.194
Landscape similarity index 0.146 0218 0245 0299 0214 0260
Edge density 0.575 0585 0452 0498 0.543  0.654
Boundary-edge .
Edge contrast index 0425 0415 0548 0502 0457 0346

* A: Landform modification; B: Surface loss; C: Soil pollution; D: Soil physio-chemical modification; E: Vegetation decline;
F: Vegetation damaged
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Table 2. The resulting weighted values of each division by damaged type analyzed from expert survey (top
dividions within a sub-division by damaged type in shade).

Damaged type*

Division
A B C D E F
Soil property 0.402 0.445 0.532 0.472 0.171 0.157
Vegetation growth & structure 0.209 0.208 0.156 0.203 0.401 0.401
Habitat property 0.225 0.244 0.226 0.231 0.270 0.279
Landscape structure & function 0.163 0.103 0.085 0.094 0.158 0.163

* A: Landform modification; B: Surface loss; C: Soil pollution; D: Soil physio-chemical modification;

E: Vegetation decline; F: Vegetation damaged
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Table 3. ‘Easiness in field measurement’ and ‘representativeness for the division” of the selected evaluation indexes
by six damaged types.

Damaged type*

Division Tndex Easi- = B C D E F
ness
a** b a b a b a b a b a b
Soil porosity (m?/m?) 167 3.00 300 307 320 1.87 233 247 287 253 247 213 2.33
Soil hardness 453 293 300 293 2.87 167 1.87 207 2.33 240 227 180 2.13
Stability(No. of break / collapse points) 2.13 2.87 247 2.60 253 140 157 133 160 173 187 160 L73
Soil texture 273 267 253 2.60 253 2.13 240 207 2.53 247 220 207 227
Soil depth 387 253 2.53 2.67 2.87 187 220 1.80 2.40 220 247 200 2.60
Degee of slope 440 247 227 247 240 120 140 140 147 173 160 140 1.67
Soil Litter depth 413 193 227 247 247 147 167 227 240 233 240 2.07 220
property Stoniness content 340 1.87 167 200 2.00 113 140 120 1.60 133 120 113 120
Soil moisture 327 180 193 207 207 140 187 167 233 233 227 200 227
CEC 160 247 247 253 2.80 2.67 2.67 3.07 300 307 2.87 293 2.80
Organic content 220 247 280 307 320 2.67 253 313 313 333 320 3.07 3.13
Nitrogen 187 247 247 233 240 2.87 273 287 293 2.87 273 273 2.80
Phosphorous content 173 233 233 213 240 2.60 2.60 280 280 2.67 2.60 2.60 2.47
pH 280 227 233 247 247 3.00 293 307 300 280 2.93 280 2.67
No. and status of target species 288 271 312 271 2.88 247 288 259 3.06 3.18 3.18 2.94 329
Shannon’s species diversity 312 235 300 235 306 224 271 224 2.88 329 335 312 324
Sum of density / Frequency | 320 235 294 241 288 218 265 247 276 312 329 300 3.18
overage by species
No. of species 353 224 2.88 224 276 206 241 2.18 2.88 3.12 283 2.82 3.12
Vegetation Retrogressive succession 224 218 271 235 265 229 259 212 276 3.18 3.18 294 282
growth &  Dominance value by vegetation layer 324 212 2.53 224 276 2.06 241 206 247 3.12 2.88 282 276
structure Mean D.BH 435 176 229 188 224 147 194 194 224 265 2.82 224 2.65
Mean height 353 159 194 1.65 1.88 135 165 176 2.12 253 259 2.12 247
(includit?gcglgc;;’t"/";hi‘ézst e 253 153 182 171 188 141 176 165 188 218 247 229 241
(Tall tree /;‘(’)ﬁ"fr;gesrhmb jgasy 335 141 212 165 188 135 159 147 194 241 235 224 247
Restoration area 365 265 247 271 253 218 212 212 206 2.53 2.65 2.65 247
Types and frequency of vegetation 5 o4 559 571 259 250 259 253 265 288 341 341 329 335
community
Habitat N, of topigraphical convex & concave 3.24 259 259 2.18 247 088 1.12 112 147 165 165 135 135
property No. of cliff and wetland 365 247 229 224 224 153 153 182 188 200 206 188 188
Area of physical damage 276 235 247 2.18 2.82 200 241 229 259 276 294 2.88 2.88
Presence of disease and pest 2.82 118 147 153 159 1.88 2.18 2.18 2.18 247 253 235 2.59
Connectivity index 240 300 300 220 220 160 140 170 1.60 250 2.50 2.80 3.00
Landscape shape index 270 280 280 160 170 110 120 170 1.50 190 2.30 230 2.50
Apparent landscape harmony 340 270 270 200 2.00 120 140 1.60 1.60 250 230 270 2.20
Landscape Patch size 280 290 320 230 240 130 170 130 160 2.60 3.00 2.70 2.90
structure & Shannon’s landscape diversity 340 260 2.60 170 220 1.60 1.80 130 1.70 2.70 2.80 2.40 3.00
function No. of patch 290 250 2.80 2.00 190 120 170 120 150 2.10 2.60 250 2.50
Landscape similarity index 270 220 2.50 170 220 150 180 140 1.80 240 220 240 2.40
Edge density 270 290 2.60 230 230 190 170 150 160 2.80 2.80 2.60 2.90
Edge contrast index 230 290 2.60 2.30 230 2.10 170 170 160 2.30 2.60 230 2.80

* A: Landform modification; B: Surface loss; C: Soil pollution; D: Soil physio-chemical modification; E: Vegetation decline;
F: Vegetation damaged
** Bvaluation period: a - within 3 years after restoration, b - more than 3 years after restoration
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over 90%(1) 80~90(0) less than 80(-1)

Development title Scorel Score2
Info
Plot no. (I.F. x distribution) (Scorel
Division| Weight| ~ Sub-division Index IF Distribution 3|-af-1]o|1]2]3]|xWeight
Stability 3 Compared to the last
(No. of break/collapse spots) Less than 30%(1) 30~80(0) over 80(-1)
Soil porosity (m3/m3) 3 Qver 0.5(1) 0.4~0.5(0) less than 0.4(-1)
Degree of slope 2 Less than 30 degree(1) 30~60(0) over 60(-1)
Physical Soil depth 3 Over 100 cm(1) 50~100(0) less than 50(-1)
sical
roy orty Soil hardness 3 11~23mm(1) 23~27(0) less than 11/over 27(-1)
2 prop Uitier denth 2 Compared to surrounding natural forest
g v M over 80%(1) 80~30(0) less than 30(-1)
a 0402 Soil texture 3 Sandy/silt loam(1) others(0) Sand/clay(-1)
§ Soil moisture 2 0.5~5%(1) 5~8(0) less than 0.5/over 8(-1)
Stoniness content 2 10~20%(1) 5~10/20~50(0} less than 5/over 50(-1)
CEG 2 Over 20Cmol/kg(1) 6~20(0) less than 6(-1)
. Organic content 2 Over 5%(1) 3~5(0) less than 3(-1)
Chemical A
cragerty Nitrogen 2 Over 0.12%(1) 0.06~0.12(0) less than 0.06(-1)
Phosphorous content 2 Qver 200mg/kg(1) 100~200(0) less than 100(-1)
pH 2 5.5~7(1) 7~8(0) less than 5.5/over 8(-1)
Target species . Compared to the target
management | O &N status of target species | 3 over 90%(1) B0~90%(0) less than 80%(-1)
Vegetation P P Compared to the last evaluation
X Retrogressive succession 2 R
succession good(1) no difference(0) bad(-1)
Compared to the target
: g o Z 4
No. of species e ol s 2 na.tlve s.p.. over 80%(1) 60~80(0) less than 60(-1)
o invasive sp.: less than 1(1) 1~2(0) over 3(-1)
g protected sp.: over 80%(1) 60~80(0) less than 60%(-1)
3
@ S.pecw.es e iy 2 Compared to surrounding natural forest
2 diversity over 90%(1) 70~90(0) less than 70(-1)
g Vegetation Sum of :
H 0.209 importance TS 0/ rocuieney feovereb) 2 Compared to surrounding natural forest
5 P L e over 80%(1) 80~30(0) less than 30(-1)
5 factor species
'E No. of species | Dominance value by vegetation > Compared to the target
N by layer layer over 80%(1) 60~80(0) less than 60(-1)
< Mean crown size Compared to the last evaluation
Crown size . . 2
(including longest/shortest axes) over 120%(1) 80~120(0) less than 80(-1)
L. i No. of |
SYEng g ol 1 Over 4(1) 2~3(0) less than 1(-1)
structure (Tall tree/short tree/shrub/grass)
Compared to the last evaluation
D.BH Mean D.BH 2
over 120%(1) 80~120(0) less than 80(-1)
Height v heioht 2 Compared to the last evaluation
€19 ean helg over 120%(1) 80~120(0) less than 80(-1)
- Restoration area 3 Compared to restoration area
over 90%(1) 80~90(0) less than 80(-1)
Environmental |Types and frequency of vegetation 3 Compared to surrounding natural forest
*?; similarity community over 80%(1) 60~80(0} less than 60(-1)
g Disturb Area of physical d 5 Of restoration area
5 |o2s sturbance ea of physical damage less than 10%(1) 10~30(0) over 30(-1)
s Special . Compared to the target
35 No. of cliff and wetland 2
2 condition Hanew over 90%(1) 80~90(0) less than80(-1)
Diveisit No. of topographical 3 Compared to surrounding natural forest
¥ convex & concave over 90%(1) 80~90(0) less than 80(-1)
Disease & pest Presence of disease and pest 1 Less than 1(1) 1~2(0) over 3(-1}
¢ v 3 Compared to surrounding natural forest
onOEEvIly Index over 90%(1) 80~90(0) less than 80(-1)
. Compared to surrounding natural forest
Continui Landscape aesthetic 3
vy P ! good(1) no distinction(0) bad(-1)
< -
_% Landscape shape index 3 Compared to the last evaluation
2 over 100%(1) 80~100(0) less than 80(-1)
2 pateh si 3 Compared to surrounding natural forest
b ateh size over 90%(1) 80~90(0) less than 80(-1)
2 0163 No. of patch 3 Compared to surrounding natural forest
2 Patch over 90%(1) 80~90(0) less than 80(-1)
4 Shannon's landscane diversi 3 Compared to surrounding natural forest
& B W over 90%(1) 70~90(0) less than 70(-1)
< Landscape similarity index 2 Compared to surrounding natural forest
= over 90%(1) 80~90(0) less than 80(-1)
Edae dens 3 Compared to surrounding natural forest
geenaly over 90%(1) 80~90(0) less than 80(-1)
Boundary-edge n
. Compared to surrounding natural forest
Edge contrast index 3

Type: Landform modification

Figure 1. An example of the evaluation table for the restoration of “Landform modification”,

one of the six damaged types.
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Table 4. Importance factors of evaluation indexes for ecological restorations by damaged type. The weighted values
of each division are available in Table 2.

Damaged type*

Division Weight Index . B C D B 7
(No. of bresatliﬂlmggl}iapse spots) 3 3 3 3 3 3
Soil porosity (m*/m?) 3 3 3 3 3 3
Degree of slope 2 2 2 2 2 2
Soil depth 3 3 3 3 3 3
Soil hardness 3 3 3 3 3 3
Litter depth 2 2 2 2 2 2
Soil property Ta(bslzez) Soil texture 3 3 3 3 3 3
Soil moisture 2 2 2 2 2 2
Stoniness content 2 2 2 2 2 2
CEC 2 3 3 3 3 3
Organic content 2 3 3 3 3 3
Nitrogen 2 2 2 2 2 2
Phosphorous content 2 2 2 2 2 2
pH 2 2 2 2 2 2
No. and status of target species 3 3 3 3 3 3
Retrogressive succession 2 2 2 2 2 2
No. of species 2 2 2 2 2 2
Shannon’s species diversity 2 2 2 2 2 2
Sum of density/Freqlllency/ 2 2 D) D) 2 2
Vegetation See coverage by species

gsrtizi:t&rf Table 2) Dominance value by vegetation layer 2 2 2 2 2 2
] .Mean crown size 2 2 ’ ’ 2 2

(including longest / shortest axes)
(Tall tree/ g(()).rtotfrelg}/g)rub/ grass) 1 2 2 2 2 2
Mean D.B.H 2 2 2 2 2 2
Mean height 2 2 2 2 2 2
Restoration area 3 3 3 3 3 3
Types and frequency of vegetation community 3 3 3 3 3 3
Habitat (See Area of physical damage 2 2 2 2 2 2
property  Table 2) No. of cliff and wetland 2 2 2 2 2 2
No. of topographical convex & concave 3 2 2 2 2 2
Presence of disease and pest 1 2 2 2 2 2
Connectivity index 3 2 2 2 2 2
Landscape aesthetic 3 2 2 2 2 2
Landscape shape index 3 2 2 2 2 2
Landscape (See Patch size 3 2 2 2 2 2
structure & Table 2) No. of patch 3 2 2 2 2 2
function Shannon’s landscape diversity 3 2 2 2 2 2
Landscape similarity index 2 2 2 2 2 2
Edge density 3 2 2 2 2 2
Edge contrast index 3 2 2 2 2 2

* A: Landform modification, B: Surface loss, C: Soil pollution, D: Soil physio-chemical modification, E: Vegetation decline,
F: Vegetation damaged
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A (Kim & Cho, 2004; MLTMA, 2009; Ro, dotd &R HrEE T4 5 ok
2010)5 Faste] FAAT HrHTE A= H7hR 70 e HF5A IFigure DT
ot WA 7 H7p RS Hrh M g A AR AR S Shte] A3 er HES
A FES -1, 0, 1 FolA Aesta o] o, thgFd Ao AFA LS Bt F7}
e AEe FoE @I o] 13 FrHde A ARG ARl dig nEo] dasite
C47HF DE AESES SlichFigure 1). 21 oS Wskth B A7elA spdE GrtkRs
gl Fad webd #d Frheoke] 7AE 3 e BdAA AdAE & & 2
Foto] 22k 7SS 98 AEder Zh HUA R wet 9bE et W SsE A
M, AA FA RS AFE ddsted B2 Edhe A oA BAde] EAEA sk
= T =S s W 19 A F ok stAlRE, WA ake] AL ddtel gle]
1 FLEE) FAHZl % 3HFH 33 Ale] e Ag Frraake] AR GA7E Slol St
o sgshe 7l E7IIEE Fo =M, 08-S Aol A HALT} HwH 7t ed Aow v
ZIEo 2 st AR ol Afdsier & dEdH
gEo] Azt o g QA H S Aelltt. ¥
7HE 13 B 28 BEeTE FAAoR V.4 8
aefeiof & Al AR Yl A
o7, 33 A71HA ZUHE A T H7HAE A FAAG o] 7kl AHEH L SlE H7t
o] MEAgE gola FAsta AN A=E FEe F 71BN AR pdate] A
setel=dl & Aow AdEdn ot i, 7 E7F g} ARt ¢

WA e @RS Sol ) xS A Hol Slo] Auiudel dig Aed Pt 1=
TEE n#ste], @F57g 8ol o] 33 o]de] stal 79 ZdFte] AAAo] aejEA] Satal
HA diEgel 24 ol HHHEES 1Tl Atk & A7 BAL HAS s A
H7b Aol AbE R ER HF Addet deld AAE AEEAAE ddeR s
A3, 3T A EE-2 Figure 10] S O2 EA By o] Al wet FEste] Apdskd H7ht
stk AExA 24 A3, FAH7A E 7bedtaL, 7180 AHEEA ¥ FI7HRE 5
A& H7A71el e akelzh A9 glof of 87y FE 3 AxES FUlet F
= g AEE ot 283 Aow yehd AL Ayt sk, AEAQ] BUEE £
AFES BF 23ste] A7l 72 flo] o Yol 2 o] go] 7Fsd H7HEE TEste Al
W RS B71815 0 AAR A Tl Atk AEAFE S ADAE, B3, E
S AN Aol g H/RREERT G, Edolstedws), A44E 2 A4
T HMEE o)8F & J=F: 1eigle & oHR PR, R RES EYE
u, Aol e whE ek @itk 7 3] 4, A8 2 72 A8 2 derx
T3 WrkEe 71EAeR 2 WHRE 759 4 HHEokR PRk, 7 foke] A
o dial 7ksE gelate] Hrtele Ao ¥ 7t R grEopst 3 7P<lL°ﬂ ks
7R gl zkel 7k glol ymAl §1EA]fr ol HAEZE 9AdE 0tk A27t od S vk
e ke AR Agasith & Al o2 F 39709 RS FYaidla, s
THE B/ EEFigure 1) WFCRE Table  AZE BASHo] Grporel Hrpx| o) g
4] Feld 2 AEAFEE FLEAF)E O 7FeA, B RS AF54 8ol 3 R
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