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ABSTRACT

This study was conducted to develop site index equations for some pine species by climatic zones
based on the relationships between site index and environmental factors. The selected pine species
were Pinus densiflora Sieb. et. Zucc., Pinus densiflora for. erecta, and Pinus thunbergii. A total of 28
environmental factors were obtained from a digital forest site map. The influence of 28 environmental
factors on site index was evaluated by multiple regression analysis. Four to eight environmental
factors were selected in the final site index equation for pine species by climatic zones. The site index
equations developed in this study was then verified by three evaluation statistics such as model's
estimation bias, model's precision and mean square error type of measure. We concluded that the site
index equations for the pine species by climatic zones were capable of estimating forest site
productivity. Based on these site index equations, the amount of productive areas for the species by
climatic zones was estimated by applying the GIS technique to digital forest maps.

Key words : Forest site productivity, Environmental and soil factors, Multiple regression, Evaluation
statistics, Productive area
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Fig. 1. Distribution of climatic zones in Korea.
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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, gentle hill, top of mountain 2: middle of mountain 3: foot of mountain
N 1: northern temperate zone 2: central temperate zone 3: southern temperate zone 4:
X5 Climatic Zone

sub-tropical zone

X;3 Parent Rock 1: sedimentary rock 2: igneous rock 3: metamorphic rock
X4 Soil Drainage 0: poor 1: common 2: good 3: very good
Xs Slope 1:>30°2: 15~30°3: < 15°
Xs Altitude 1: higher than 1000 m 2: 700~1000 m 3: 400~700 m 4: 200~400 m 5: lower that 200 m
X7 Sedimentary Type 1: residual deposit 2: creeping 0: colluvial
X3 Erosion State 0: severe 1: exist 2: not exist
X9 Relief 1: concave 2: flat 3: convex
Xio Aspect 1: south, southwest 2: east, southeast 3: north, northeast, northwest, west
Xy Available Soil Depth 1:<01m2:01-03m3:>03m
X2 Rock Exposure 1:>30% 2: <30%
Xi3 Ratio of Valley to Hill 1: more than 7 2: 4~7 3: less than 4
Xia Wind Exposure 1: exposure 2: medium 3: protected
Xis Weathering Degree 1: low 2: medium 3: high
X6 Soil Type coded from 0 to 4
X7 Soil Depth in Horizon A 1: <30 cm 2: > 30 cm
Xis Soil Depth in Horizon B 1:<03m2:03-0.6m 3:06-09m4:>09m
Xis  Soil Color in Horizon A coded with 98 different numbers from 1 to 4
X0 Soil Color in Horizon B coded with 98 different numbers from 1 to 4
Xn Organic Matters in Horizon A 1: 0~2% 2: 2~4% 3: 4~6% 4: > 6%
X»  Organic Matters in Horizon B 1: 0~2% 2: 2~4% 3: 4~6% 4: > 6%
Xy Soil Texture in Horizon A 1: clay, loamy sand, sar)d 2:silt clay loam, silt clay, clay loam
3: sandy loam, loam, silt loam, sandy clay loam
Xo  Soil Texture in Horizon B 1: clay, loamy sand, sar_ld 2: silt clay loam, silt clay, clay loam
3: sandy loam, loam, silt loam, sandy clay loam
X5 Soil Moisture in Horizon A 1: humid, dry 2: slight dry, slight humid 3: moderate
X2  Soil Moisture in Horizon B 1: humid, dry 2: slight dry, slight humid 3: moderate
Xy7 Soil Consistency in Horizon A 1: very hard 2: soft, hard 3: very crumbly, crumbly
Xas Soil Consistency in Horizon B 1: very hard 2: soft, hard 3: very crumbly, crumbly
Table 2. Parameter estimates of site index model by species
Parameter Estimates
Model Species
b c
A Chapman-Richards model P, densiflora for. erecta. 0.0253 0.9995
1 e_b e P, densiflora Sieb. et. Zucc 0.0483 1.4360
SI=H DL — bz}
y P, thunbergii. 0.0483 1.4360

(SI=site index, Hp = height of dominant trees, ¢; = stand age,
= index age(30), b, ¢ = regression coefficients to be estimated)

s bRl Aol AslBldt. =a 2 EEAE
2 U $aE waslel 2840 JBL TR &

U= HIEAAQ A% A3t

oj$} o] Yolx Az=

dEARE FA42 Yaslel Aelelaeh S
£ SR S Y - B AR 2
4g WEP] A oM, AIAEE TR

799] Mg AT sLslel 2ofl 949 BAH Bl A8 A



182 Korean Journal of Agricultural and Forest Meteorology, Vol. 9, No. 3

o]th(Snee, 1977; Song, 2003).

2.3, X[}IX[5 F£HA Q| L&

£ dFelMeE ) auF 5500 dig] YRR R
ol &Jgt 715 - 38 A AR 84S
EZ8b7) S8l S3AEAY DA 37T oJs)
o ARG Fg0l a3t HA wige] 2FE AH
sl o] FAo A MeE S-S Yol
U=RAE AFFoZN(Belsley et al., 1980; Myers,
1986; Judge et al., 1988), Widde] EAE A
gt Al HA W] ZFor AGAST) =&
ARG 4 2]0] =HEE stgrt.

o} e W o E &Y 713
AR FAA APE AF3 9
L 3o Y By Ax gl o]
£ 123 SAXo) sk Ao Bl By
504 5ol A 7IRE AME-81tHArabatzis and
Burkhart, 1992).

£ ddNE HEHoE AR HATARE
a1 SRR 2ASK FHE AYAF FAAE A
Z3l9it). &, AT o83l T 7SS
ZH ARG 0] T =YAEE IFEE
ASAR S8l FAR HFolA AV fls Ao
HHE AE, 3% A9AF 94E 948 A
ZARE TS TEAE SASKA AL

=

L5 X
% SAY

%4

}1] [

2.4. HX|o| IH

24.1. A9 $YNE

238 AR W49 7R oM AR AR
Fgxol| A g o8] AAsIT. &,
AR HAY 718 71EYEE 30402 she 5
ARG Fiale] HYo] ZAS Table 37 #o]
AAgsict. FA" AR wet = FA9
HAE AAsiHet, A 7Ee Aol A
fHoz & Aoz AT ¢ e HAFY =4

Table 3. Evaluation guideline of productive site based on
site index by each species

Evaluation Guideline of

Species Productive Site

greater than 16 in site index
greater than 14 in site index
greater than 14 in site index

P. densiflora for. erecta.
P, densiflora Sieb. et. Zucc
P, thunbergii

ojct. Y AAF FA0 w2} A AT
HA 71 AAGT e 160Vde s FAHY
HAZ WL, SHRAMEUT-2E s ANA
F7} 14013 25 HA=Z 2A3ITt

242, AAHA ] A&

7150 - EE HAWAES ARES] 8] WA
713 HA RG9S oz el HEHLS
2 &3 /1T - 58 AYAS F94E 38
slo] FARMAYAS de] 2 AxPEE AAFE F
A3t o]9) o] Lol AzpE A Table
30llA AAG AR BA 71ER vlwsie] g A9A
T olde Azl 5 AESH ¥, AT AR 9y S
ha 9912 Alxksigct.

. 2z ¥ 0&

3.1. 7|50y - =54 XX FHY

3.1 7150 - 3 AAS 249 4E

B Aol =g v ZIFE S 5 2 7
Sojjo] E¥3h= AHANANE, FHRANAVUT, 1
g1 FE] I AT TEE R AR
A8 YAEA QAR gt ARG F9241E )
5t Aal= Table 49+ 2t}

7150 i 52 FEAGAET 4 715
o) 2% B3, ZAA A= 2uiERe 2
FH a3 5L 2UIERE AQE 2u15T, &
g, 2851 do) A Fel] Farska Qiot.

LY Exsie AT} FRAM A
UF= 22 9k ale] 4R QAR s A9
AFE Fhsh= A2 vehdt) £5Ee Ukl
JARA AApe] Z3ol| o3l A|9E sk AR
A==, o8 759 AAAT FH4d 25
2 Iofshe GRBAEIAE EYF (X 2= Y
Rt §E £ AR AAAgE 0433
0.642 T2EE Fap} A vy e YxEH
Arlgko B 538 AAFE & 85 R
ERTHKim er al, 1991). 0|23 A= LO2 F
29 2] Ak gdy HAASe] $gE A%
Aol APgellA B 7EA] YRS QIAke] SARto R
T ZHe] o] shsslithe 2 gnlehke o=
71E9] A9 BYR} Blg ARE 183 =8



Shin et al.: Site Index Equations and Estimation of Productive Areas for Major... 183

Table 4. Regression coefficients of site parameters to environmental variables by species and climatic zones based on fit data set

Climatic Zones Species n

Site Index Equations R?

P. densiflora for. erecta 4,101

Northern Temperate
Zone
P, densiflora Sieb. et. Zucc. 275

SI = 5.3023-0.3862*X+0.9900* X,
+0.4362%X,5+0.9604%X 50.4203* X,
+0.7813*X,3+0.3947*X,;

SI = 6.8268+0.5663*X;-0.6808* X,
+0.7442% X, +1.8274%X 1

0.43

0.64

P, densiflora for. erecta. 5,237

Central Temperate

Zone P, densiflora Sieb. et. Zucc

9,229

P, thunbergii. 441

S1=9.2915+0.3665*X3-0.4954* X,
+0.5337%X,,+0.4804%X ,+0.6561¥X 5
-0.3024%X,+0.5060% X4

SI=5.6375+0.1373*X,-0.5619*X,
+0.4482* X¢+0.5520% X,6+0.2565* X3
+1.0009%X,5+0,7589% X5,

SI = 10.4652-1.2744%X;-1.2438* X
+3.1760*X,,+0.9218%X50-1.2710%* X5,
+2.4084%X,5+1,0085%X,7

0.30

0.35

0.53

P, densiflora Sieb. et. Zuce. 7,443
Southern Temperate
Zone

P, thunbergii. 1,889

SI = 5.8273+0.3879¥X3-0.6827* X,
-0.4032%X+0.7577*X,5+0.5146* X3
+1.3213%X,5+0.9956* X g

SI = 3.8089+0.2918*X;+0.7560* X,
-2.4640*Xg+0.7622%X5+0.7304*X 5
-1.4020* X,y +1.0928%X,5+2.3957* Xog

0.32

0.43

P, densiflora Sieb. et. Zucc. 1,921
Sub-tropical Zone

P, thunbergii. 6,506

SI=2.7488+0.4007%X;-0.6617*X,
+0.9790* X, - 1.4678% X,5+0.7218%X,,
+1.1414*X3+1.6730* X g

SI=3.5621+0.8663*X3-0.5915* X,
+0.8306* X5+0.8218*X,,+0.6400*X 4
0.6527*X,5+1.2562% X,

0.33

0.30
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Table 5. Evaluation result of the estimation ability for site index equation by species and climatic zones based on test data set

Classification . n MD SDD SED

Northern T . P, densiflora for. erecta 1,761 0.0168 1.8897 1.8898
oreern [emperate 20N p ensiflora Sieb. et. Zuce. 119 -0.0326 1.5742 1.5745
P, densiflora for. erecta. 2,274 -0.0497 2.0519 2.0525

Central Temperate zone P. densiflora Sieb. et. Zucc 4,260 0.0407 2.1388 2.1392
P, thunbergii. 220 -0.1894 1.9907 1.9997

Southorn T t P, densiflora Sieb. et. Zuc. 3,388 0.0160 2.0519 2.0520
outhern Jemperate 20N p fumbergii. 846 -0.0132 1.9751 1.9752
Substronical P, densiflora Sieb. et. Zucc. 902 -0.0378 1.9752 1.9756
Hb-tropicat zone P thunbergii. 3,045 -0.0981 1.8581 1.8607
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Table 6. The final regression equation developed for the site index estimation of pine species in this study

Climatic Zones Species

P, densiflora for. erecta
Northern Temperate zone

P, densiflora Sieb. et. Zucc.

S1=6.3908+0.6394*X;-0.5244* X, +0.8909*X 4

Site Index Equations R?
1=9.1285-0.3937*X+0.9393*X,-0.7793* X,
+0.4799*X6+1.0083*X410.4060* X, 043
+0.3746*%X 5,

+1.6862*%X 6 0.64

P, densiflora for. erecta.
P, densiflora Sieb. et. Zucc

Central Temperate zone

P, thunbergii.

SI=10.5278-0.4878*X,-0.2705*X¢+0.5766*X 4

+0.4860%X41+0.7487*X5-0.2602* X, 0.30
+0.4946* X6

SI = 5.5831+0.3890*X,-0.6320*Xs+0.4751*X,

+0.6258*X610.3514*X,,+0.8636* X5 0.35
+0.7091*X

SI = 9.4862-1.4809*X;-0.4790*X;-0.3029*X

-0.6789*X,4+0.9625* X 54+2.7779* X5 0.53
+1.0091%X

P, densiflora Sieb. et. Zucc.
Southern Temperate zone

P, thunbergii.

SI=35.9154+0.3792*X;-0.6542*X,4-0.4147* X

+0.7190%X15+0.5198%X53+1.3606* X5 0.32
+0.9692* X5

ST=3.6814+0.2631*X;+0.7197*X4-2.2641*X;

+0.6865*X,5+0.8454%X 5-1.3599% X, 0.42
+1.0011#X05+2.2825% X5

P, densiflora Sieb. et. Zucc.
Sub-tropical zone

P, thunbergii.

SI=1.6610-0.6080*X,+0.8211*X,,+0.8355*X ;5

-1.3564*X510.6255% X, +1.3519* X, 0.33
+1.5098*X g

SI=1.1352+0.7850%X;-0.5773*X4+0.6150* X,

+0.7345*Xs+0.7331%X,4-0.7776*X 5 0.32
+0.4467%X531+1.2689* X6
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Table 7. Area estimates of productive site by species and climatic zones based on site index

Area of Productive Site (ha)

Species Northern Central Southern Sub-tropical Total Ratio(%)
Temperate zone Temperate zone Temperate zone zone
P, densiflora for. erecta. 53,466 190,842 - - 244,309 4.1
P, densiflora Sieb. et. Zucc 137,195 270,071 70,997 3,673 491,936 8.2
P, thunbergii. - 200,067 32,068 1,679 233,814 4.0
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