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Abstract : This study aims to develop an ecoregion classification using a multi-hierarchy of environmental
factors for spatial patterns in the capacities and potentials of ecological systems in mountain regions.
To achieve the objectives , we describe the spatial distribution of environmental factors and identify the
multi-hierarchy of these factors using spatial statistics. Lastly, we assess ecosystem-units using both a forest
type map (yung & kung) and a forest soil map in order to present a ecoregion classification. This study

was performed at a 1,168km” area in Gangwon-do, Korea. Sedimentary rocks, particularly limestone
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(36.6%) exist in high proportions in the research area. While higher mountains are present in the north
and central Korean peninsula, plain areas show large proportions along Odae and Pyeongchang river. In
a multi-hierarchy, geology and elevation are identified as upper levels and landform classification (surface
curvature, upslope area) is considered as a lower level. ‘Geology+elevation+landform’ shows equally higher
%’ values than that of other classifications and we map ecoregions based on this result. Uniqueness of
environmental characteristics in the research area such as high proportions of sedimentary rocks and
higher elevations influences our ecoregion classification. We are looking forward to considering this study

as an effective approach to integrating various ecological themes for mountain ecosystem management.

Key Words : ecoregion, multi-hierarchy, geostatistics, mountain ecosystem management, environmental

factors

1. A& 3, APSE A St 22 Al A QL g R ste] o5

sho] A HAS %’46& W =gEo] itk 1

Foll M SHAEAS) 5ot 3R A9 A st

A= g} al FEHR o] uke. HH o 217]5}1 =0 AE AT} thokA] o] B 310]R) Z o A5

I QUANE =4 A O] theFst B o] gt ] bl A3 e AAR o] ¢ AT T 4= s A

e 913t Aboll 4] =2 o] &-Eof sttt AT & Aol thgh 52 /do] FobA 7k 9lrh(Kang and
TAEA, A SR} A B0 ST} Tenhunen, 2010), ©]2]gF 4F=ol| A 4F2] ¢ 7lhﬁﬂ7P
of whet HALA] o] A 7]E AIE Sl o8 TS a9 o] gk B 7HE3 A9 S FRstE = A
g AR - L 5A & FHskE = A2t 019} 7} 9lo] ¥ THSohn ez al., 2010; Ha and Kim, 2010;
A BaAEFeS AdsHAY, diite YA S Kim et al., 2006). 53], AHA] e AE 22| 544] oF
ot ot AR Eo] FR WA 22 511 O A, Ao 8-2] mE-S STsle 4= Gl Bt A
S Ao EA Ao gt 4] o] F7FsEAL QltHLee AR AT E fJof AR 9] BE V)5S TTA
and Kwon, 2009), B&0] 7| $Hs}e} HEF0) thef O 7 mpofst &= Gl B HA 9] P a o] R

A B C D E

Influence of ecosystem

A, B, C, D, E: Environmental factors
that influence on ecosystem

Small scale Large scale
Figure 1. Process scale of environmental factors that influence on ecosystem. SI2Q219| T2 AA AHY

—655—



Parent Material
Climate
Relief / Topography
Organisms
Time

Soil & _
Vegetation 'f

*species composition
* density / stocking

* height

*age..

Ecologlcal

Dellneatlons

stexture

» drainage
* depth

* mineralogy

*» organic matter depth...

-f

forest fvegetation cover
terrain / soil map units )
topographic features

Digital Base & Terrain Model
* elevation

* hydrography

* slope, position, configuration
* aspect...

Figure 2. A conceptualization of the ecoregion classification. MEfX|S 229] 735}
Source: Jones et al., 1999

1 JeHChungeral., 1996).

o 2|5k BEFS & REdet Zo] A A] & (ecoregion)
olgh= 7igoltt, AeiAl= FAEL F7IAER o]
FolA FoAgo= SAAN ALFoR o]E B
Askar We) sk Aol A AR A &7 71 Al AHE
AH(Gallant ez al., 2005; Omernik, 2004), 3142
AR A2 A T, AEA Y] Aerhed/dol o
o} ohE AR A R A= A EA o 4D
285 skar ik, AEjA o] Fast sk
woydite s E]r‘”ffL T Y ket 2AYollA
el = A& RS Btk 7/‘10111]'(K1ijn and
Udo de Haes, 1994; Zhou ez al., 2003). AJEfA] A
e 25 AUAT DAY oAT o7

Az oS BRkel A A AZE o] U 2A Yol
R ITIE P S R E
UEPATHGibson ez al., 2000)(Figure 1), B 1% 714+
& 2ADA FEA o E Ut S 290 7]
Solm, AA|Yo] AR A A Hout AP o] Fa
AJo] A tHMackey et l., 2000; Bailey, 2008). X2
2 4149 7lg A, SRS B Al

o

=
]
o

J[m _1
rlo

F-e 2 A5to] e 374 ol 2
w, Ao 1 HEek BB HAXE A3

o}, ueba] B4t 2 Qo] el 1 2AY
o Mg S0 812 FHOR AHA L L5

QAL o5 Fol P avpA]l AykE e

Q.

AR o] B MejAS FAsHs AT A9,
£k £9 nefato] LRaF LS AxH, of 7)o
A TEete 895 EdfYo] BES AYsH
013} H]428)7] YR EFES 2HE ) wefs)
£ AT} fARICHFigure 2), SFAIRE AYEIA]| o LELS
AejAl el 53t o] HE S HolFmE gis
o] 2)7] wjZof| EFEO] Azt B4} g] 4 Hof

o} TA Qo] THE A Yt Omernik, 2004).

Z7) YR R V| Bixy EoF: x]g
T, BEXo] 8, A=t 2 AR E 7| Z2sto] 4
A= 1 th(Bailey, 1983; Omernik, 1987), AAS A
Akar, A =3k AFQloll A At weto] whet
AAIE Q7] wfZoll thas A o] ek, ol 23t 2
ol Al TSk AAIE ol BA LE|aL ofr o AT
Aof] 3t =2]7} 2|45 At (Bailey, 2008). ©]& &
isto] A0l AR R AT 4 5L, A4
B chobt BAARE o83 4 oz BN
2o] YehA| H$tHHargrove and Hoffman, 1999;
Burrough eral., 2001; Zhou et al,, 2003). A& <]

it

— 656 —



X
o
N
N,
lo
032 Ol'm
3
N
i3
filo
o
oo
of
ol
2
N
og

A 3ol st et
Skl R Aol A B2

91o] wfet E}Eﬂl bt 7 g acle) %
o] BAsA chzol A elA ] Az ol
5519t e.g. Burrough et al,, 2001; Har-
grove and Hoffman, 1999). E3t 2k5.9] FF-2} Ao
w2t Aol FEFE vIAA HaL, SAEA oA
AE s sk 2 01]/‘1 ‘3}/‘1 T4

[o _JB. I 4
—\—‘
=2
N
3

ju:
i
ol
-
2
pous
il
m
r

r
4

H1

NN

-4 M oHr
rlr
%
L
Ja)
o
pach
32
oo

r&Efﬂ

o X o to rl
i)
®
of
ok
N
e e
%

o

=2
X

oz

08:_,%

<

2L

=

ol &t

oo

, o

o,

fo

o

oz ox mx L2

K 5 of
i
124
N
K1

£
2
12
Ehs
%

me oo oo X pw
L
4o
i
o go Mo wn

x o L
olo
ol
o

2. ol27] W7

Al 2okt At ast ZFof AAES A/l
Aol A A SEA| S EAIA S ZRFEH A T Al -
F2H9 WSS 2] o) 242 A B

7FA Stk (Phillips, 2004). SHAIRE B2 A2}
2 Hofo} mep] et A4 B o
Yo 33tzx o2 AR5 £t (Goodchild and
Quattrochi, 1997). &A1Y A A=) AAY
(cartographic scale) T} EA] A7 oal(analysis scale),
ZA|A 27 Y (process scale) 37FA| 2 -8 4= Qlch
(Montello, 2001), HA R ZAFO] A7|AL 2] EofA]
ARESHE SR 0= Ao A ] A2l AA| A e e
H| &5 Weith, 24 () AA| Y-S A2 S35t

T1o] =710, AFA oA YEh= ?ﬁ*o% ol
171 $13ll S 3k= 2A|golt, Y] INS)
HEAL| A ARE-SH= ’SH%E(resolution)g} % 9

O
il = S

<]

S

< rlo mlo
o

% I

o

#2010 ChIEAS nafst M

-

R R

Jn

u]g /\]—%_gl_l:]._ J.gl\ﬂ/\(z]—E) /\;cﬂ 1o z‘ﬂ_/g—oﬂ
L B89l TEA AV} 2HgeHE 27

e of

A AU 2 (grain) T H ] (extent) & F
oI5k 5= Jth(Figure 3). Z13 91 IHzho|Ly 24 Ao

Al B ) A AR S TR ClE B
o, FALEE AT} 2o AxF AR A A F7|
o} 71 ojul7} ek Wghs AT THARY] WA ol A7k
Lolg wiiet, 27 Qo] ARITH: R WIS Y
713 2E]l0] AR AL ofujstch, BAS 9%t
A~ ] s Q

o] It
ESR BN *741
oL} 720

= 7 2
"4131 H, ¥k, XI’“/\VML
flof| webs] Wzl BE &
W7k Wl £E7) majn, A
ol A Lrepdth, WA 2R AA Y
E7P%"’ &7} R R Zﬂ?ﬂ
Efdth(Figure 4). ol
Oﬂ/ﬁ AIZE

iz

o
1o ne

1
off ¢
N
iy
2

r
Flo mE

L

o ne i
HUJECL
ot -
o,
fo
M

)
ro gL
O

flo rlo

of it
o
fo

)
)
EE
o
rlo = (T gg

o)
i E=Irg

L

~
mlo

o

o H
2z

e 2
g9
%

(Ul
|r1 nP‘ :L

<
5.:

Ko

N o
i ‘OII
d

T

i A

ﬂtﬂloﬂomﬁﬂwrﬂ@

Mo O ox rﬁ
QL

o
v
N
ox
E=)
> I
lo
Mo
o o
4 12 nﬁ

10 il
il

BN
flo |

oE

4o oﬁL

=)
44
o
o
.
o
ox
_J_—‘,:‘ il

=
>

=]

2dlo] G %DP(Mackcy 1996).
B4 2910 YL ZAA AALolA 2Tt
o, ggaclo] whge] W AdddS 1
T ZBAIA AA DA 7 B T 5 QU
(Zhang, 2004). webA] Aol A th/do] == &
ZRA|IA AAAM ZE AP I Al AT
7PARE B2 2 A A AAY B A7 27

Ji‘l
ro

—657—



Figure 3. Schematic of two components of spatial scale: a) grain and b) extent (n; total area, a; extent).
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Source: Turner ez al,, 2001
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Table 1. Environmental variables and their characteristics. MENX|S 2320 AFRE StAH40} 2 40| EM

Environmental factors Environmental variables Abbr, Unit Spatial resolution
Parent Geology GEOL categorical 1:250,000; 30m
Elevation ELEV m
Slope angle SLOP °
Relief Incoming solar radiation SOLAR kwh/m” 30m
Surface curvature SC -
Upslope contributing area MF log10m®
. Normalized difference vegetation index | NDVI 0-255 30m; Landsat
Organisms K
Forest type map - categorical 1:25,000; 30m
Soil Forest site map - categorical 1:25,000; 30m
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Table 2. Forest soil type classification. ARRIEAS 22

Productivity Low Medium High
Soil ¢ Eroded soils(Er), Red forest soils(R), Dark Red forest soils(DR), B forest soils(B)
o type Lithosol(Li) Dark Red brown forest soils(DRb) rown torest sotis

Source: Kim ez al,, 2006 and KFRI, 2005
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Figure 9. Environmental variables classification using Natural Breaks. 2tZdH40| 22
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Figure 11. Environmental variables in the study area. 37X|H2| &tzitHa
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Figure 12. The semivariogram model of environmental variables. 2ZH0| MD[H2|2 03 2
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Figure 13. Process scale of environmental factors in the study area. A7 x| 242
(A: XA, B: I, C: HAlMXI4, D DALE, B YA F: X[EHER)

Table 3. The semivariogram model of environmental variables. 2t&Hs

Q19| Z2MA AHY

ol MiojH|2| 3

Geology Elevation NDVI99 NDVI91 Slope Sf)la.r St Liptdtope
radiation | curvature area
Model* Exp Exp Exp Exp Exp Exp Sph Exp
Range 12,152.78 4,667.86 866.18 1,013.04 749.30 268.00 176.32 132.22
Sill 0.72 1.02 0.37 0.34 0.46 0.93 0.93 1.00
Nugget 052 0.07 0.57 0.60 0.48 0.05 0.05 0.00
Obj.** 0.11 0.02 0.04 0.02 0.02 0.003 0.005 0.006
*Exp=Exponential model, Sph=Spherical model
**Obj=0Objective
EA 3= v]EAH micro-variance) H&-of| L]-E}L]-—“f Ar 2 g dEHT F27F 2A et e
o2 A Qe A A 2w A A o = Ado] AEHARIA HE FE 8 QR 2 A
(0 Rol geh Ao Balan O] dEeln, S Welcn WEl Aol A7 Asel A
A FA AR 4= 01 2] 2] 0] ko whe} Tt E 1] (Bailey, 2008; Klijn and Udo de Haes, 1994). 3}]qk
B0 sk wskelo] ke AUNME A4 AAXIRe] A9 AR} o Tk e A
Agre) 2fol7t AA vreh7] mil Aoz Kl 9] Hop 51H o242l W7t ZA HERTE o]
o, 2 AFA o] Yo WelolA fAHA REate A
BaZTolN meAlse) AAUS e AR de] B0 S4o| wiejE Arjela wekEr), A3
Ael7k AD(F 12km)> T (O dhkm)> ATFANA W4 FolA TEL ATA L} i dkmE 4
S0 Thm)> AALE(E 750m)> AARHCF 270m)> SO S e BT, ANEAET} Aol
APRASAS(OF 180m)> APEFOARF 130m) 20 iz AR} oF 200m R A1 B 3 B
2 et (Table 3). AHEIE AL 2km (Figure 13), B3} Be] BEEEE vjore 4 ol
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Table 4. The assessment of ecoregion. 2E{THR| Z7}

Soil type Kung Yung
Ecoregion 5 5 5
x p-value X p-value X p-value
GEOL 43600.6 .000 11034.5 .000 15158.7 .000
ELEV 26048.2 .000 10889.1 .000 15941.6 .000
NDVI 2778.2 .000 1539.8 .000 3210.0 .000
SLOP 1385.0 .000 962.3 .000 1296.6 .000
SOLAR 285.1 .000 511.0 .000 787.8 .000
LANDFORM 815.2 .000 96.7 .000 162.5 .000
GEOL+ELEV+NDVI 52646.4 .000 18171.7 .000 28295.0 .000
GEOL+ELEV+SLOP 53773.7 .000 - - - -
GEOL+ELEV+SOLAR 52503.6 .000 19229.6 .000 28567.5 .000
GEOL+ELEV+LANDFORM 53250.5 .000 17502.3 .000 26719.6 .000
GEOL+NDVI+SLOP - - - - - -
GEOL+NDVI+SOLAR 45243.9 .000 13608.1 .000 20566.5 .000
GEOL+NDVI+LANDFORM 45562.6 .000 - - - -
GEOL+SLOP+SOLAR 45695.2 .000 13321.1 .000 18425.2 .000
GEOL+SLOP+LANDFORM - - - - - -
GEOL+SOLAR+LANDFORM 44887.6 .000 12821.5 .000 17795.6 .000
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a) Geology unit
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Figure 15. Ecoregion unit and ecoregion classification. Ef 2|2t MENX|HEZ
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S - Y32 - A - ezl
Table 5. Ecoregion unit. MEfX|SH 2FEH
Geology Elevation Landform Proportion(%) Urban(%)* Forest(%) Farmland(%)
Igneous rock 580~1,070m backslope 1.77 0.01 1.48 0.32
backslope 2.79 0.05 2.19 0.47
<580m footslope 2.05 0.03 1.75 0.20
Acidi shoulder 8.29 0.00 8.16 0.05
cidic
i backslope 9.57 0.00 9.14 0.22
Sedlzzt“y SB0~LO70m 1 slope 5.54 0.00 5.32 0.11
toeslope 2.85 0.00 2.73 0.14
shoulder 2.01 0.00 1.99 0.02
>1,070m backslope 2.26 0.00 2.25 0.05
shoulder 498 0.01 4.69 0.23
backslope 7.84 0.31 5.21 2.01
<580m footslope 5.64 0.07 4.55 0.80
Alkali toeslope 4.52 0.24 2.26 1.66
sedimentary rock channel 1.88 0.16 0.36 0.86
shoulder 4.26 0.00 4.23 0.04
580~1,070m backslope 3.21 0.00 2.98 0.14
footslope 2.52 0.00 2.56 0.07
Met hi shoulder 3.10 0.00 2.98 0.02
FMEPHE | 580~1,070m | backslope 3.37 0.01 3.17 0.16
footslope 2.42 0.00 2.39 0.10
*Source: Environmental Geographic Information System (http://egis.me.go.kr)

ol 9.57% 14 He WAL AHHT Yom, 7b o @#Po| Lk A H B4S Belrt, e Al
2l Ao Bl 118k Qlth(Table 5). ©]2 oo v S wf =fSo] 2 Eskal 3lal A9
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A5 el dohd lih 7 9AS 5208 SSR WIS A, et 24 g
(8.29%)& AABFIL Y= A AHIE A, T o] 83517 #1¢ A AU FHAE o]&
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A AU e R S, S v ) o
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Mol Fol AZEEA FAHA, BF FA, 8 5
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1) NDVI91-S A| Q] 7F w2 7haf Uh2 objectivegh &
At} objectiver= HAHFA W A2 2R E i Hjg] 2
a9} olg A vlzle ale) Aol)e] AFe] e et
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