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An Analysis on Landscape Ecological Pattern of
the Geumho River Watershed Forest
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ABSTRACT

An artificial disturbance like fragmentation in watershed forest has impacted a sustainability of
watershed ecosystem, therefore this research quantified the landscape structure in the Geumho river
watershed using landscape indices and GIS. Landscape indices were calculated from the forest
distributed maps for 24 subwatersheds. Three common factors, which explained about 85% of the
variation in the original data, were extracted by a factor analysis. The fragmentation gradient in forest
landscape, which was calculated from the factor scores, was correlated with proportion of urban land
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(r=0.827, p<0.01, R’=0.685), elevation (r=-0.637, p<0.01) and slope gradient(r=-0.593, p<0.01).
The result of the study presented that the methodology and the values of landscape indices to assess
the structural patterns of forest landscape for the Geumho river watershed management. Future
research will be directed towards the detection of impacts of landscape patterns and their changes on

the integrity of watershed environments.

KEYWORDS: Watershed Management, Landscape Ecology, Landscape Index, GIS
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FIGURE 1. Location of study area
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TABLE 1. Land use types and topographical conditions of each subwatershed
D Name of Areakn) Land use types(%) Topography
subwatershed Forest Urban  Agriculture  Elevation(m) Slope(%)
W01  Yeongcheon dam 234.3 840 16 116 4025 498
W02 Keumhogang0l 100.8 63.7 46 26.7 206.2 297
W03  Gochoncheon 1123 71.6 43 205 1819 288
W04 Keumhogang02 1155 46.8 91 36.4 136.0 198
w05 Si ngcheon 3394 69.9 31 24.4 2749 3438
W06 Bukancheon 915 56.0 115 215 170.4 2.0
W07 Cheongtongcheon 1255 60.5 6.6 280 2363 250
W08 Keumhogang03 84.7 320 177 39.9 102.8 136
W09 Omokcheon 1839 482 85 317 1566 245
W10 Namcheon 121.2 66.1 143 150 2318 365
W11 Keumhogang04 825 414 335 186 1365 215
W12 Donghwacheon 103.6 743 6.6 144 3284 371
W13  Sincheon01 68.0 786 42 139 3745 41.7
W14 Gachang dam 421 93.2 12 32 495.1 54.0
W15  Sincheon02 73.4 328 62.3 15 1356 178
W16 Keumhogang0b 325 209 679 22 536 9.0
W17 Pageocheon 99.6 674 132 14.0 241.0 337
W18 Keumhogang06 63.6 36.0 371 144 615 156
W19 Ieoncheon 63.7 771 30 145 179.2 324
W20 Nakdonggang2l 194.4 55.4 74 269 1377 2.7
W21  Jincheoncheon 239 585 266 114 2074 321
W22  Cheonnaecheon 472 726 5.1 16.8 263.3 371
W23 Nakdonggang22 799 489 34 36.2 65.9 26
W24 Chacheon 93.3 53.8 44 31.2 2101 317

* Measurement of all variables were calculated from land use and DEM data in the study area.

d 20 AAE v} 2o AHYEXIEE FHA
AR YolM A.FFsn Ae F3F L
25,0009] FAEAC]EE(Y 3a)ollA AHA
Aok FEdto At FERFH Hd2
McGarigal® Marks(1995)7F A|¢tg =27], A=
4zE], e, BA7Y Sl #AE FAAF
£ EUE FRAGSTATS Ver. 33& A3ty
BT 23 AAEN S AME3td v
BBAFE 2F9 FEUAR d&d- 43
oz APAA] 723 AdL Fo £l
A At tHRiitters &, 1995; Tinker ¥
1998, Cifaldi 5, 2004). QIAME4& AHA37
Ao, ARXFEY AR FEAALS iz

&7] 9824 SPSS 11.0(SPSS Inc., 2001)& At

f3le] AAAFEIRY ABAFE 2T F
a2 3ol 09 o]idold F wig FolA it wh
2 AY&HcHHerzog 5, 2001). 8% XA
BABANFE EFAHAGAY Holgd wE JIe
AAB7l H8A Z-scoreE EFIHT F, FA
B e Hg3ke fXl(eigenvalue)7t 1.0
ol <¢ixvte MAI}EE HA}AL, "HA
gtog Qxltxe HEE AN HLIA
% VarimaxY 2.2 AAEHE AFd dAE
JANA 42d AP S Ed2 7 FFQY
zZto] i@ HFE ST AAAFE A=33
Arhel8d, 1995). A FFAAY AH9d
AAHFE APA Y dH3LE HIE7] A3l
A A ¥ HFHog A3 E w3 A



26 An Andlysis on Landscope Ecologioal Patern of the Geumho River Watershed Forest

Land use maps

Spatial patterns
of forest patches

l Arealdensity/edge |

1

— Landscape indices of FRAGSTATS

Watershed

environment

| %uUrbanland |

[ Shape |

T Fragmentation index |

l % Agricultural Iand—l

% forest land l

|  Corearea |

contagion/
interspersion

Extraction of common factors
using factor analysis

I Mean elevation —|
|

Mean slope —I
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FIGURE 3. Spatial data for the analysis of forest patches and physical environments in the

Geumho river watershed
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TABLE 2. Landscape indices included in the analysis

Category Index’ Description Units
Area/density/edge  LPI Largest patch index %
MPS Mean patch size ha
PD Patch density number/100ha
ED Edge density m/ha
Patch shape LSI Landscape shape index -
MSI Mean shape index -
Core area C%LAND Core area percentage of landscape %
MCA Mean core area ha
DMCA Disjunct mean core area ha
DCAD Disjunct core area density number/100ha
CAl Core area index %
Spatial configuration IJI Interspersion and juxtaposition index %

* Complete descriptions of landscape indices are given in McGarigal and Marks(1995).
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TABLE 3. The values of landscape indices of each subwatershed

D LPI MPS PD ED LSI MSI  C%LAND MCA DMCA DCAD CAl 1Ji
Wo1 160 4186 020 244 120 1.94 734 365.7 4774 015 191 604
W02 195 1567 041 314 12.3 232 499 1227 1048 048 195 724
w03 304 1828 039 439 155 227 54.1 1380 1202 042 144 672
W4 290 60.1 0.78 492 20.8 225 298 382 173 172 142 600
Wb 239 2064 034 415 248 223 537 1586 696 077 228 651
W06 184 692 081 50.3 176 218 379 468 255 149 149 732
wo7 303 1356 045 428 16.7 230 48 1004 BO 118 177 674
WO 228 32.7 098 31.0 139 155 215 220 174 124 84 601
W09 294 68.1 0.71 424 224 1.91 330 467 264 125 111 610
W10 60.7 2860 023 26.7 105 200 55.1 2383 1043 053 249 724
Wil R3 1486 028 2.7 104 2.36 313 1124 507 062 166 582
w12 30.7 1674 04 386 130 211 59.3 1334 829 072 160 710
W13 76.1 6679 012 270 80 238 66.1 561.1 2993 022 331 796
W14 932 39256 0.02 154 43 432 835 35174 11725 007 896 763
W15 148 86.1 038 13.8 65 1.66 266 69.7 661 041 299 475
W16 143 B8 058 125 55 1.89 15.2 261 4650 038 132 586
W17 229 149.1 045 321 11.6 1.87 M1 119.7 97 054 208 8.2
Wwi8 9.2 790 046 22 84 1.78 212 59.6 640 043 276 607
W19 619 446.7 0.17 38.0 10.7 273 60.1 3482 1008 060 343 839
W20 200 269.2 0.21 278 146 228 43 2155 1077 041 259 781
w21 5.8 P98 058 165 43 194 491 839 1678 029 161 787
w22 718 4397 015 20 59 228 61.8 4172 2246 028 243 8.3
W23 16.3 488 1.00 36.8 134 1.87 350 35.0 25 108 113 697
W24 2.8 1168 050 296 11.0 1.34 46.7 92.6 71 062 168 705
Min. 9.2 327 0.02 125 43 1.66 15.2 220 173 007 84 475
Max 932 39256 1.00 50.3 248 432 835 H174 11725 172 86 &3
Mean 346 3478 044 308 12.3 219 464 2545 1499 066 226 691
Ccv 0.66 224 060 0.36 0.45 0.24 0.36 2.38 161 067 070 0.14
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TABLE 4. Pearson correlation matrix of landscape indices. Underlined correlation numbers indicate

values of +0.90 or greater

Index LPI MPS PD ED LSI MSI C%WAND MCA DMCA DCAD CAl U
LPI 1.00

MPS 061 1.00

PD -0.50* -0.93*+ 1.00

ED 006 -016 036 1.00

LSI -023 026 039 083 100

MSI 0.65% 062+ -059+ 020 005 100

C%LAND 062+* 089 -071% 000 -019 048+« 1.00

MCA 059++ 081+ -0.93** -0.17 -026 061*¢ 090+ 1.00

DMCA 044+ 08 -0.78+x -043% -051* 036 081+ 086+ 1.00

DCAD  -016 -058«x 067+ 078+ 0.76+* -0.13 -046%* -05%«* 085+ 1.00

CAI 028  0.74%+ -0.80+#+ -041* -046 034 052%+ 0.73+x 062+ -058++ 1.00
I 053 059 -036 006 -020 039 068+« 057*x 057+ -027 044+ 100

**Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.06 level (2-tailed).

TABLE 5. Factor loadings of components
by varimax rotate method

Components
Index
Factor | Factor Il Factor Il

@ MSI 0922 0.029 0.265
& CAI 0.894 -0.306 0.179
¢ DMCA 0.879 -0.310 0.186
W ED -0.144 0.956 0.142
@ L3I -0.140 0.890 -0.112
B DCAD -0.189 0.861 -0.334
= IJI 0.089 -0.006 0.909
& C%LAND 0505 -0.105 0.752
B LPI 057 -0.204 0.594
MW PD -0.415 0.483 -0.527
eigenvalue 3.260 2.924 2.304
cumulative% 326 29.3 23.0
B patch area/density/edge @ patch shape

[ contagion/interspersion @ core area metrics
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TABLE 6. Correlation between the spatial pattems of forest landscape

and watershed environments

Variables Fi Factor | Factor | Factorllt
Urban(%) 0.827" -0.247 -0.547" -0.641™
Agriculture(%) -0.229 -0.265 0.769" -0.105

Elevation(m) -0.637" 0526™ -0.092 0.670™
Slope(%6) -0593" 0613™ -0.102 0.516™

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is
significant at the 0.05 level (2-tailed). FI means fragmentation index
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FIGURE 6. Scatter plots and linear regression
analysis of fragmentation index
and watershed environments

98 dadoz APgABY 723 Ay o
A3l AxE A¥Hoz EAFozA, K94
Al AAA B7t € #AYTHS 4% &

23 AHE ATz Ak BAEARE 8
obstd, #HH 9L TP Fv]o]| FEE F
#AS(LPI, MPS, C%LAND, MCA, DMCA
CADE 7FE¥Ef9S v Eg A0, 282 &
FHoZ & e ANE A



BEY AY AP YHAEE HHEY [ ¥E - Y- oW - ey - Y 33

o2 Jeigth ol wis] g37% dFo X
e af9e #43 2 J4FYe are
i, 22 YE(PD, DCAD)E E& Hog #Hrts
Atk EF EARAY Fof AFH FHo] $4
F Afgel X3 AELe a4y 723
XG0l w2 AAHH Aol vld HFHYH
MSD7F 2ot g@x§xn AgFde EXRY
(IJDe] HluHd dx2L YHE RS AL
2 vyt

2%9d FRAFE AAEHE F3 3719
FEUAAE F4E + %o, olg2 AA
BRG] FEAFE 5% BE AWk
Z} AR 2f9d dAHFE AP LE §
3 QHIAFE AEFo=N, FEF FHd
B3 AdAHY 723 e FHHo=
AN £ Ay AR AHo] FXA
o2 7 A" AHE A5 dNes 1
99 oJAHRYFH T3 AFAYE Avtye

o)

2 9 Es 3 Roeg veiyth v,

TR FFY AT BAAA EXEE &
F9& T3} =t s Adstd Aoz yet
Wt olEd Mg dHs AEE 99 =
A3 A=t 45 BEA(r=0.827, p<0.01)o] =i
¥ ¥& ALE dyehgen, AR A
E EAAY 93 gc] dHAse Ed
685% AL HA¥¥ + Ye A2 Ygyd.
B Abgel ax7t 23, AT §85F A
WAl Y Ao 3] G JrE IS
Ao 2 Yehgo.

o #E T3 #9 ™Y BuAH
2 HeE B4 2de 4F AEAde o
€ A 9HstE AbAe] olwE A, dHstd
g AH 75E 8] A vEY=
9 FHE A VxAREAN B8 Y AL
E dddrt o, Y 9HE T4 723
W7t AEFT 9P T AEAC uAe 3
Fe Brhet7] fF A7 o]FoAHt & A
oln}, olg FA A&HZHA FUEHHL T A
HAHE AH - 334 wE S setata

ool #9BA WAE 9% Bt 458
o WE FYHA Fr7h ol Rl T e
2 Ardd.

#HAlR 2

of EEE BIAAAT 00IIE Fib7]
%] Post-doc. AFAGe] 3] A& Aol
AR2A old BA=YY,

HAZ, HEY, SAA71. 2000 Azt A2H
o] @428 Y MTE olTFTRY =A.
¥=z7 83 A) 28(1):70-82.

A7, 2AR, H¥A, AR, 1734, 4.
1998. 83 FFHE7HAA dehd AejA <
w3l A% AR ALY, $3939
7} 7(2):15-27.

AR, 2000. F27FE oAt oE
a3 v,

B3, 944, B9 19%. GIS 2 AR
e olgW HE4 TYTY FARY &
olc) WA, HIGISEHEA 3(2:91-102

ol=4. 2001. FHAYeHST-BFAYG HA, &
gE A% T, ALdidtn SdR.

o8, 196, NYFAY -AYAZLH7]Y-.
HEAL

A48, 43E, A% 2002a 957 #F99
ABAEAIR 0] A4E e nAE= FF
739837 11(3):111-127.

AT, AT WAE 2002b. Ex o]-LH 3|
o2 AR Y ABrz BN F2AHAH
8}3] ] 5(3):9-18.

AT, AT WAE 2003. =AFEAYSE
4e A% ABoAsid g 97 =X
214 B3] 2 6(3):11-20.

AFAE 1999, HAA S 23 AAvH3 e
A 7, = A RT3 A 2(3):16-22.



34 An Andlysis on Landscape Ecological Pattern of the Geumho River Watershed Forest

g3g, Sig 2003 AL7MsE EXolEg

AT FATE AHARZIE @7 @A
2] X 33]A] 6(1):78-84.

Baker, W.L. and Cai, Y. 1992. The role
programs for multiscale analysis of
landscape structure using the GRASS
geographical information system. Landscape
Ecology 7:291-302.

Cifaldi, R.,, Allan, ].D., Duh, J.D. and Brown,
D.G. 2004. Spatial patterns in land cover of
exurbanizing watersheds in southeastern
Michigan. Landscape and Urban Planning
66(2):107-123.

Forman, RT.T. 1995, Land mosaics: the
ecology of landscapes and regions.
Cambridge University Press. Cambridge.

Griffith, J.A., Martinko, E.A. and Price, KP.
2000. Landscape structure analysis of
Kansas at three scales. Landscape Urban
and Planning 52:45-61.

Gustafson, E.J. 1992. Relationships between
landcover proportion and indices of
landscape  spatial pattern.  Landscape
Ecology 7(2):101-110.

Herzog, F., Lausch, A., Miller, E., Thulke,
H.E, Steinhardt, U. and Lehmann, S. 2001.
Landscape metrics for assessment of
landscape destruction and rehabilitation,
Environmental Management 27(1):91-107.

Hunsaker, Devine, D.A, Timmins, S.P.,
Jackson, B.L. and O’Neill, RV. 1992.
Landscape characterization for assessing
regional water quality. In Ecological
Indicator, McKenzie, D.H., Hyatt, D.E. and
McDonald, V.]J. (eds). Elsevier Applied
Science, New York, pp.997-1006.

Jones, KB., Neale, A.C, Nash, M.S, Van
Remortel, R.C, Wickham, J].D. Riitters,
KH. and O'Neill, RYV. 2001. Predicting
nutrient and sediment loadings to streams
from landscape metricss A multiple
watershed study from the United States
Mid-Atlantic Region. Landscape Ecology
16:301-312.

McGarigal, K. and Marks, B. 19%.
FRAGSTATS: spatial pattern analysis
program  for quantifying landscape
structure. USDA Forest Service, General
Technical Report PNW-GTR-351. Pacific
Northwest Research Station, Portland,

Oregon.

Riitters, KH., ONeill, R.V., Hunsaker, C.T,,
Wickam, ].D., Yankee, D.H., Timmins, S.P,,
Jones, K.B. and Jackson, BL. 1995. A
factor analysis of landscape pattern and
structure metrics. Landscape  Ecology
10:23-29.

Tinker, D.B., Resor, C.A.C.,, Beauvais, G.P,
Kipfmueller, K.F., Fernandes, CIl and
Baker, W.L. 1998. Watershed analysis of
forest fragmentation by clearcuts and
roads in a Wyoming forest. Landscape
Ecology 13:149-165.

Tumer, M.G. 1989. Landscape ecology: the

effect of pattern on process. Annual
Review of [Ecology and Systematic
20:171-197. EAEE



	24: 
	26-2: 
	26-1: 
	30-2: 
	30-1: 


