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ABSTRACT

This study was conducted to develop regional site index equations for main tree species in Gangwon,
Gyunggi-Chungcheong, Gyungsang, and Jeolla area of Korea, using environmental and soil factors
obtained from a digital forest site map. Using the large data set obtained from the digital forest map, a
total of 28 environmental and seoil factors were regressed on site index by tree species for developing
the best site index equations for each of the regions. The selected main tree species were Larix
leptolepis, Pinus koraiensis, Pinus densiflora, Pinus thunbergii, and Quercus acutissima. Finally, four to
five environmental and soil factors by species were chosen as independent variables in defining the
best regional site index equations with the highest coefficients of determination (R?). For those site
index equations, three evaluation statistics such as mean difference, standard deviation of difference
and standard error of difference were applied to the data sets independently collected from fields
within the region. According to the evaluation statistics, it was found that the regional site index
equations by species developed in this study conformed well to the independent data set, having
relatively low bias and variation. It was concluded that the regional site index equations by species
had sufficient capability for the estimation of site productivity.

Key words : Digital forest site map, Environment and soil factors, Evaluation statistics, Forest site
productivity, Site index
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Fig. 1. Classification of study area used in this study.
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Table 1. Environmental variables and its code description used in this study to estimate site index by species

Variables Variable Name Code Description
X, Topography 1: flatness  2: gf:ntle hill  3: foot of mountain 4: middle of mountain
5: top of mountain
X, Climatic Zone ;(.)Itl};e nirﬂ\:, :;r;n;i:r;t;;;)?eezorzl.e the middle temperate zone  3: the south temperate
X3 Parent Rock 1:igneous rock  2: sedimentary rock  3: metamorphic rock
X4 Soil Drainage 1:poor 2:common 3: good 4: very good
Xs Slope 1: less than 15°2: 15~20°  3:20~25° 4:25~30° 5: more than 30°
X Altitude 1: lower that 100m  2: 100~200m . 3:200~300m 4: 300~400m
5: 400~ 500m  6: 500~600m 7: higher than 600m
X7 Sedimentary Type 1: residual deposit  2: creeping  3: colluvial
Xs Erosion State I:notexist 2:exist 3:severe
Xo Relief 1:concave 2:flat 3:convex
l:east 2:west 3:south 4:north 5:northeast 6:northwest 7:southeast
X]Q Aspect
8: southwest
X Available Soil Depth real measured values

X2 Rock Exposure

X3 Ratio of Valley to Hill
X4 Wind Exposure

Xis Weathering Degree

X6 Soil Type

X7 Soil Depth in Horizon A
X8 Soil Depth in Horizon B
Xjo Soil Color in Horizon A
X0 Soil Color in Horizon B

1: less than 10%
real measured values

1: exposure 2: medium 3: protected

1:high 2:medium 3:low

coded from 1(B,) to 29(Va-4)

1:less than 50cm  2: 50~70cm  3: 70~90cm  4: more than 90cm
1: less than 50cm  2: 50~70cm  3: 70~90cm  4: more than 90cm
coded with 98 different numbers from 101 to 421

coded with 98 different numbers from 101 to 421

2:10~30%

3:30~50% 4: 50~70%

Xa1 Organic Matters in Horizon A 1: 0~2% 2:2~4% 3:4~6% 4: more than 6%
X2 Organic Matters in Horizon B 1: 0~2% 2:2~4% 3:4~6% 4: more than 6%
. . . 1: sandy loam 2:loam 3:siltloam 4:silt clay loam S5: sandy clay loam
Xa3 Soil Texture in Horizon A 6:siltclay 7:clay loam 8:clay 9:loamysand 10 :sand
. . . I:sandy loam 2:loam 3:siltloam 4:silt clay loam 5: sandy clay loam
Xas Soil Texture in Horizon B 6:siltclay  7:clay loam 8:clay 9:loamysand 10: sand
Xos Soil Moisture in Horizon A 1: moderate 2:slightdry 3:slight humid 3:humid 5:dry
X6 Soil Moisture in Horizon B 1: moderate 2:slightdry 3:slight humid 3: humid 5:dry
Xa7 Soil Consistency in Horizon A 1: very crumbly 2: crumbly 3:soft 4:hard S5:very hard
Xag Soil Consistency in Horizon B 1: very crumbly 2: crumbly 3:soft 4:hard 5: very hard
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Table 2. Number of plots and mean age by tree species
used for the development of regional site index equations

. Number of  Mean
Area Tree Species Plots Age
Larix leptolepis 1,784 26
G Pinus koraiensis 732 21
ANSVON - s densiflora 8,190 33
Quercus acutissima 2,728 32
Larix leptolepis 2,980 29
G . Pinus koraiensis 547 20
YCONEEL  piys densiflora 7,659 29
Chungcheon, ’

& & Quercus acutissima 5,680 27
Pinus thunbergii 1,585 32
Larix leptolepis 1,466 25
G Pinus densiflora 9,766 27
yeongsang Quercus acutissima 3,267 26
Pinus thunbergii 3,990 28
Larix leptolepis 859 27
Pinus densiflora 7,900 33

Jeolla .
Quercus acutissima 2,104 25
Pinus thunbergii 4,480 32
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Fig. 2. Map of test data distribution surveyed in this study.
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Table 3. Regression coefficients of site parameters to environment and soil factors by species grown in four regions

Region Tree Species Regression Equations R?
Larix leptolepis SI=1.65*X,+1.48*%X+1.38*Xo+1.12% X 5 0.98
Gangwon Pinus koraiensis SI=2.10%Xo+1.50% X, +1.25* X, +0.51*X 5 0.99
Pinus densiflora ST=2.03* X +0.83%X |, +0.73* X +0.67%¥X 13 0.98
Quercus acutissima SI=1.82*Xg+1.65% X g+1.64*¥ X +1.18*X 4 0.97
Larix leptolepis SI=2.37*Xg4+2.08% X 4+1.03% X 55+0.8 1% X6 0.97
. Pinus koraiensis S1=3.26%Xg+1.77% X5 +0.72%X561+0.53* X 56 0.97
gﬁﬁggfﬁéggg Pinus densiflora SI=2.57*X4+1.49%X,5+0.36* X, +0.19% X3¢ 0.92
Quercus acutissima SI=3.67*Xg+1.79% X 5+1.00% X, +0.35% X ¢ 0.91
Pinus thunbergii SI=1.99*X34+1.63*X40.81* X 51+0.64* X 4+0.14%X 7 0.93
Larix leptolepis SI=2.18*Xg+1.77* X 5+1.44% X, +0.37* X 56 0.98
Pinus densiflora SI1=2.01*X7+1.13%X,+0.95%X 5+0.64* X, 0.97
Gyeongsang Quercus acutissima SI=2.71¥X+2.23* X, +1.73% X 4+1.1 7% X6 0.97
Pinus thunbergii SI=2.16*Xg+2.12%X,4+0.90% X 5+0.42% X 55 0.98
Larix leptolepis SI=2.30*X5+1.02%X,,+0.74* X g +0.59*%X ¢ 0.90
Jeolla Pinus densiflora SI1=2.25*X74+1.06* X, +0.67*X,5+0.60* X, 0.95
Quercus acutissima SI=2.23*X,+1.56%X,4+0.93* X +0.76* X 0.90
Pinus thunbergii ST=3.99*X,+1.60* X 5+0.56* X5 +0.15%X 44 0.95
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Table 4. Evaluation results of the estimation ability for site
index equations by species developed in four regions

Region Tree species n MD SDD SED
Larix leptolepis 103 -0.01 1.86 1.86
G Pinus koraiensis 60 0.64 098 1.17
AEWON  pinus densifiora 117 021 211 2.12
Quercus acutissima 41 -0.86 1.35 1.60
Larix leptolepis 197 1.82 248 3.08
Gyeonggi and Pinus koraiensis 130 -0.41 2.51 2.55
Chungcheong Pinus densiflora 115 -1.09 3.03 3.23
Quercus acutissima 178 0.22 270 2.7]
Larix leptolepis 95 0.07 2.11 2.11
Pinus densiflora 75 042 1.76 1.8l
Gyengsang L.

Quercus acufissima 69 -0.79 343 352
Pinus thunbergii 75 -0.54 1.51 1.60
Larix leptolepis 49 0.50 1.15 1.26
Pinus densiflora 169 -0.07 0.95 0.96

Jeolla

Quercus acutissima 86 0.80 1.49 1.69
Pinus thunbergii 69 -0.70 1.35 1.52
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F F849] FARP R OE 75 vlglq HF
A57F ga AL Aol 7IRIske AeR wdkEn. &
H ARE 7849 AR 9 AHPEE vEll= SDD
9} SEDS] 7%= FHAGL FiFeE e At
WS} eyt Sl RiE 945 FEEA
W AURTE & Ao BAERY. 53] FAeA
2T 7V 2o MNkR o 2 B oA
A FEe AxkEE) 2 AP B gle
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Z o2 Hriwm, mepx] B dqtelire] ¥ 71x]
RS 0] 83 =&3t 58 XA FH42 &8
7EA7 T AL E WA Shin ef al, 2002).

A% 295 ¥y 7] - SHE A9 F8 55
gt AAF FE4E ALkl 2 A7) e
Aoz HyEQT $gFe] A AF AYAsS
T2 ol AEE AR Zpolol] iyt Bt
< Uehlle 239 Hadert 1.82mE thh 3,
FHRAY AUFE oF Im A5 HOE Holu g
2AE A} e 0.5m B[Re g ufg- g
7t &2 3o BAEHRIY thE Ft FAIER] =
o] Az} FFE k] H9elle 7% el & Aol
7} fe Ao Yelgth. X9 dSA]9] HARKI
A7} 7Y & wdEe Aol 98249 2A)|
o] AR 25} AES S8l AMSE AE I A
o7} F3kS plH ROE Holn, o9} A HEd)
AREE FEAIRS RBFHoE QIF AHE dvErt
(Koo et al., 2003). Wb oz oo el F7}7
]l AL} A77F a7Et

e A9 7 AAg 49 A E
A5 295 By ik o = AFAHIF FESA
ol = E7skar o] Aolx ZALE F Z9)A
g AZFA| o] FHA| elle Aot gle Ao
H7HE T e A ] 5 AR AL
G52 vjehA A S, 1 e e =
T Im vRIeE ) Fg3le o= et gt
oz FAHYr} vke Zloz HrlEd). 9 F
A2 Ax g AHPAE JERE SDD9} SEDY
Bl vt duiE R AT Wekdo s
22 Zo0F FAEol £F I & Apolrt fle A
o2 Yepsitt mebx B A9l 43 A9A]
SR AE Ays A8 A A &
A gle ACE W=l

HrEsARS 4% 495 A9EY Hepx A
o] ARG FH4e] g Eg 8o & Ze
2 IHEAHTable 4). At KFo] Gis, A4
BT, Slise] AR FA2e HelE Jehlie
A= 0.5~0.8me] HH A UAATE, b A9
g FAA 9] HrHolE 0.07TmE 1§ F35Ho)
T2 702 BNHA. 3k dekx X9 43
AR 84S RH el Are} FFLA]] SDD}
SEDE. & og Wil FEE & Aol7t §lof

O 0O

S IR 5 A F, 5ElvT-9] spDe}
SED7} the gl Mgt dehdos tht AT
AbAo R Ye A v Aos F450] 4
o] BT} vl B8 AR EHEHIH.

AaFo R B Aol it A9 F8 59
AARF FAAL oulR] i) 2400 H3te A
o2 AT mEpA ARelA o] AR 4
A & ol8shd @AM A B 71| dAg
3 AL FHo= T dRe AHE AT 5
ar, I Aiks P2l 4F0l a3 AR 28
g e Aot

vy 2

£ AollxeE 7189 AAS 449 #ARE
B 98l 3] ARz 23 2870 4A
3 Q1A FollA E TEA] QIAREe ® AdE FHE e
Z3hol] 93] A9 FQFol| gk XA FA4
< Jhdetarat shgct.

£ AN =59 ARG FA2004 AE
B 758 JARE AR 4-INE Ao A R 4
2lo] dudels vehlls A7 090 oV dez &
< F458E Bt o]9) Zo] Jidd X9 - &
8 AYASF T4 tiste] AgER 3% 55
H EYAEE ARSSl] R i WY, Ax, i
Tt Y 7HA] HrEEAR) SA% HEsAn B
QoM =E2E ARG Fg4e] A84e 45T
T Ak AAAG 5240 HEEAE BE nk
Hog B ATelM e 558 RS 44
BIVEA SRS vko R0 2 giElo] A4 A48k o)
< A7} gle RoE HrhEQlch

wepa] B el gt A Fa 5] X
ARG 848 2 7R YA QAR R A
g9 548 123 508 AAATE 1S 5 9
= A0E #HEoe] gog I} 58 Ao
HrHET 53] # dqolld Qo ZAde 5 F
AT olg Bk el HY E el 78
ARE &8d 5 IS A= Vgt w3 2 4
TollA g XA AT AREIYA =AY H
oJE}E o83 XA F42] st 7sE A
o2 FAEH, GIS 7PHE o)83t HXFF A =
20| ekarejEel 55 HA NS A 2 AT
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oM ZAIG AKAF F4E A-8sPH H) et
o pAAe] 75 Ao JgEnt SRR B A7
e AR FE i AAS FHAE A

7] Qo A Hgolle A /AL Jt ol
s dar) Yairde oz 83 AXE QA o)
3 AEE Gl Tt 5l AR T4
sk {lo] olFolxof ahH, olF Tl WA=
Aol w2 JAHp 4 FAE H8sh] AT =9
S Aol & Flolgjar At
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