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ABSTRACT

There are several environmental variables that may be influential to the spatial distribution of
forest vegetation, To create a map of forest vegetation zone over southern part of Korean Penin-
sula, digital map layers were produced for each of environmental variables that include topogra-
phy, geographic locations, and climate. In addition, an extensive set of field survey data was col-
lected at relatively undisturbed forests and they were introduced into the GIS database with
exact coordinates of survey sites. Preliminary statistical analysis on the survey data showed that
the environmental variables were significantly different among the previously defined five forest
vegetation zones, Classification of the six layers of digital map representing environmental
variables was carried out by a supervised classifier using the training statistics from field survey
data and by a clustering algorithm, Although the maps from two classifiers were somewhat differ-
ent due to the classification procedure applied, they showed overall patterns of vertical and hori-
zontal distribution of forest zones. Considering the spatial contents of many ecological studies,
GIS can be used as an important tool to manage and analyze spatial data. This study discusses
more about the generation of digital map and the analysis procedure rather than the outcome map
of forest vegetation zone,
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9l HE{E ] A) 2~ (Geographic Information Systems - GIS) & 71& 9] % - giEAI R F
7hate] 3 919l wrEE AW NeREE X3 st Ml - EA% £ e 71eE b
A l 23 X ARA| L] o] &2 B8 H IS AL E dhe 4k AT 2 RIEE
Hel Fa% &8 7t @ 4 AEg o33 ok (Ripple 1987, Coulson et al. 1990,
Goodchlld el al. 1993).
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sl gausiel g O 934 Aol 2xsm Uk Aol 44 715 ohwe] FWAY
go) w3l AAA grrowAel F97 7% FHAM 1 JFo] T A Agolch A
SREE w-& d—cﬂ WA - $RH ZUM R olet HEH SWNME FLW Y
o] S0} ket shakwol o] A A AT TR A 80 Bk o2 SHxpFol ofs) tharg B
Wom NS0l fn a0l €E A EH BE Aot Aok FYAUNE FEHE 7129 3
Do Aol i A 7R RO HHOE AN mE o) EASAc
(43} o] 1965, Yim and Kira 1975, Yim 1977). o]} § 175 & 32 Sures w, 18,
e ol 7 FUR pRetel £2 7159 HAH A4 £3H - £28 RE 542 718
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N7 S FARS W Y= = o]2A AAE 7R FREE APl At (H1993). o
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BAek etz AAE FESeUE ’Zﬂﬂ L}E}” I Ak (4l 1996), FAEE HFBE
Clements®| 7 $-ol = %’d% wel o E AMol 2AE 4 Uvte FE £HE #wIT Aok

(Clements 1936).
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= =7 'S%j'(:":’ TEEN 5 B S FURE
o] gz A7)y dPHoz B Aol A7l Wy ALt dx #§7EAA e 2
Ao AYAGRA A (GIS) oA o] Fx o] "Jili-ea— 7hA| 3 A zZpo] sbisR i, hLiE, KR
AxtZ AA PR FAARARE 9 87 AxtEo] AN e e # 2 (continu-
ous surface) 54 % 2 Uegld 4 & &1 F (raster type) 22 JHHAUT

T B Rrey Welg FHest
2 o

2l x}

B %okl (Digital Elevation Model data - DEM) & 412 A& 3} 2434 38 3t4f 5t
EAFH A2 g, dig e 48 2 S TR vhe H 2 HA g 2 A
Hel muEEs 999 ARelvh. & 7 Axyeiy} shtel 1k gg 2 HEE o] ARVt
AA AFE dopukg FaeA BAlsterbe Ay el Wad wet debd £ vk £ Al
A AR FAREARE 959 FHE mested Ab¥ 90 m 2vle AR A
(resampling) At} o] REE AFE ETEE A Fet WA Go] th=F 3,900%5,8007H
o] Zztz o]FolA U}, o] FANEARZFE P migEE Y-S S8 1 A
WA 9 i A AEE 4 2lT 7wl B 1Y 548 A+ At AHES 42
3 4= it} (Weibel and Heller 1991). e &2 7€ AL 48], a2a 718 A7 AAE 4
23 F4L Fig. 19] vehd 23} o] 38 Axpghg o] &3 1eeh g2 oste A4t of
A

Slope = tan™! (4 2 /2S)

Aspect = tan™! (%) (1)

714 s AAsl ARrel Aglolth, B Atk w9l ol 1 AW e} M, HEIE
5% 98 2719 FE(Bx3, 5x5 7x7 )R A2 pEE vingoeH 4ad & o
Fig. 16049} 2o] A2 eol ol 24 2 49) A4S obAw, o] 3x3 A7le) FBS o8
o2 dhitel Ax AV o BSUA FAT AN wE s AN 2] FAES FARE
g 7% % Ak

—_

al|lbilec

d |e | £

s |nli M=[(c—a)+(f—d)+(i—2]/3
dy=[(a—g+(b—hm+(c—1]/3

dz=V dx* + Ay2

Fig. 1. Moving window operation to calculate slope, aspect, and other geomorphological values from
digital elevation model (DEM) data.
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C:) (R?=0.9424*) (3)
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Fig. 2. Location of weather st- — 1.20825 prox (R?=0,9471*) (4)
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Fig. 3. Processing scheme of spatial analysis to derive the
digital maps of six environmental variables as well as
the final classification of forest vegetation zone.
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HAAZARIREE o] &3t 7+ 2o H&e %’47'49} uns, AAE B9 59 AP Ag e
AP Fa W EK ol JEEIN, 74 2AAHEY AR E ol &-sha] GIS F1tu ol

o] zof FEH A RFL] XA Lol A 4 A I A5, G A4, el dE Tt
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Aed, ol F%EFry, 2udRd, 2uERd, 20155, o ofudE e Uy
k. R xAF AR wet 570e AHRUE FRE, o5 Fa #EFAEL ohE 7T
(Table 1).
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Table 1. Primary species composition of five forest zones, which were collected from field survey

Forest Zone Number of Primary Species

Survey Plots

Quercus  glauca, Quercus acuta, Cinnamomum camphora,

Cinnamomum japonicum, Neolitsea sericea, llex votunda, llex

Warm 30 , . _ . . ‘ ,
integra, Clevera japonica, FEurva emarginata, Machilus
thunbergit
flex  cornuata,  Sapium  japonicum, Meliosma wmyvriantha,
Mallotus japonicus, Daphniphylium macropodum, Camellia ja-

Temperate South 40 ¢ ‘ .;'/)m‘z c. s phnrphylluwm macropoduw : J
ponica, Vaccinium  brateatum, Acer  palmatum, Callicarpa
mollrs
Carpinus cordata, Betula schmidtii, Ulmus davidiana, Deutzia

. labrata, Fraxinus rhvnchophvila, Stephanandra incisa, Tilia

Temperate Middle 117 & o ™ va e . Ph ]
amurensis, Kalopanax pictus, Stvrax obassia, Euonymus
alatus, Acer pseudo-sieboldianum, Svringa wolfi
Pinus koraensis, Abies holophylla, Abies nephrolepis, Taxus
caespitosa, Abies korveana, Larix gmelini var, principis-

Temperate North 19 caesp o ? ‘, ; & o ’ ?
ruprechtit, Pinus pumila, Thuja koraiensis
Picea  jeioensis, Picea koratensis, Rhododendvon aurewm,

Subalpine 119 Chamaedaphne  calveulata, Ledwm  palustre, Vaccinuum
witis-idaea

Total 325

LHES BESS 28 ZMA22 &/

6702 o2 o]Fojzl AR FAAEE 90x90 m294 A2 A uich #F A 54
B ks 7HX T Qi ol 8 A 71Eel oet FHE ERHIVIYE o] &3l AHNE TR}
At (Fig. 3). 3AH A=g ER/71HS 2H2H9 731}14‘3}‘:} 7RA 2 e AR 32570
& ZARAFO A Dol 570 A A AN E #EtEet vaste 71 fAE BAXE Bole
AU R BFEe o) ol g WhH-L olnl ERER FAHE ZIRdA de AEE 1 2l
 ERrIvez, o8 /A dgd e Oxg mgakel A YEtd s 7 25 K 5L F
AstH o g #Hste] EFa = et} (Lillisand and Kiefer 1995). 9d4#t59 #FH £
F71hol= ARz YA B Ao A e ZAPARE A ol sule] - dele] BAH
Ael g Axtste 714 ke AYE UehlE AEdiE BRshe B EMS 4 (minimum
distance classifier)& AHg-3l o},

to
v

Jlm

= (X-U)'C/UX—-U) (6)
71 D= BRY FdARE2RE AW 7x FAF AY, X = EFT ZH2F Y 67
BAAAZ HE, U = 2Ad o] Hagh A, ¢ = 2Hd /o] FEAHYE (covariance
matrix) etk =, 6719 $AIA-S 7HA J= ARPH L .9 9] 2 (6)o] &]ste] ztzte] 2+
dele] DE AArsla, o] FelA g8 DE Bels AR E I AAHE 534 "o
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Table 2. Univariate statistics (ANOVA) for testing the means of five forest zones are equal for each
environmental variable

Variable Total STD Pooled STD Between STD R-Squared F-Value Prob. > F
X Coord. 55833 49970 28485 0.208878 21.1222 0.0001
Y Coord. 105204 89823 62147 0.280031 31.1159 0.0001
Proximity 51.5243 43.2095 31.7855 0.305395 35.1733 0.0001
DWI* 803.9412 357.2906 805.1709 0.804926 330.1006 0.0001
DCI* 775.6740 347.4109 775.3832 0.801878 323.7911 0.0001
Precipitation 211.1165 103.6661 205.7052 0.761859 255.9352 0.0001

* Daily Warth Index (daily temperature sum for plant growing)
** Daily Cold Index (daily temperature sum for coldness)
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Table 3. Four multivariate statistics (MANOVA) for testing the means of five forest zones are equal
n the populatxon

Statlstlc Value‘A FValie  Num, DF Den. DF Prob, > F
Wi lk% Ldmbda 0. 05/96 34() 71.2331 24 1100.114 0.0001
Pillai’s Trace 1.70828126 39.5070 24 1272 0.0001
Hotelling-Lawley Trace 9,32325068 121.7850 24 1254 0.0001
Roy S Greatest Root 7.75 1()7822 410 8071 6 318 0.0001

DF = degree r)f freedom

Table 4 Mahalanobls squared dlstance between the means of five forest zones

Warm Temp -South Temp Mld Temp -North Subalpme
Warm 0 5. 318 12.777 35.856 49,107
Temp, S 5.518 0 4.944 22.614 38.923
Temp.-M 12.777 4.944 0 - 9.987 31.188
Temp. N 35.856 22.614 9.987 0 17.854
Subalpine 49, 1()7 38.923 31.188 17.854 0

Qo A LB A) A Q1491 Slske R E el A, 41 % W% AEel AAE HEshed
1!],’5;6'17 Xlo] OH;]—

Fig. 43 GIS ¥1MAR & ol &3le] F 714 AFHER 71¥
ooy FEa vk, 4 @xmAbrtr el AR A

o) Sl £ O BRI B £iES} ol § & e S TE 1,500 m o] 3]

(a) (b)

Temp-S
= Temp-M
Bl "emp-N
Subalpine
Warm

Fig. 4. Computer classified maps of forest vegetation zone from six environmental variables. (a)
Supervised classification result using the training statistics from field survey data. (b)
Unsupervised clustering result without the field survey data, in which the number of clusters

was processed to four groups.
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