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F L EE, AU AYE W14 9 554
o A UE=4 FEd =554
ue (ha) (Hm?) (m’/ha)
A 96,283 16,718 174
A5 78,500 7,268 93
A 15,083 2,498 166
A 189,866 26,484 139
(F71: 4 g 2skel 2014)
(2) #& 99 - Al AdE
wEel gud WAE AVEN, IVEHe] 126007haZ 7HE @2 WAHE AR
3 glem, Vediol 35,258ha, MY o] 19,07has AHA|akar vk AHE WAL
BAE(FLA 7 18~28cm)o] 130,436ha® 7F4 B WHS A gon, A7
(F247 6~16cm)°] 50,428ha, 7 E(FLA7 30ecm ©]4)o] 4,822has 2] 3}aL
SATHGE 2)
R 2 wE d9dE Aed wA
(F4$1: ha)
= I :
. 2| R oA o 78 = & Al
o H
I 4,176 14 - - 4,190
i} 4 3,867 3 0.2 3,874
I - 18,731 339 - 19,070
I\Y% - 27,447 98,556 4 126,007
\Y - 369 31,513 3376 35258
VI - - 25 1,395 1,420
VI - - - 20 20
VI - - - 23 23
IX - - - 4 4
3 A 4,180 50,428 130,436 4,822 189,866
H (2%) (27%) (69%) (3%)  (100%)
(EA: Ty 73k 2014)



w&o 949 FH& AHEY, VYT 14249741’ 2 7HY B F4& 24
I dow, VEFol 9454,102m°, M1 o] 1,885710m*E xFA|3Fa ot AHd
z AE(F A7 18~28cm)°] 20,801,429m* 2 71H e =FH& A8}

4
on, AAEFEILAA 6~16cm)°] 3,615022m’, AE(F LA 30cm  ©])e]

I3 EE e AvE IduF4
(<) m?)
=1 1 = .

o 24 275 8= o7 & o A
I 216,334 768 - - 217,102
I 230 239,465 362 165 240,222
m - 1,814,249 71,461 1,885,710
I\Y% - 1,542,823 12,703,584 3,340 14,249,747
\Y - 17,717 8,021,506 1,414,879 9,454,102
VI - - 4,516 411,244 415,760
Vil - - - 13,936 13,936
VIl - - - 5,226 5,226
IX - - - 2,442 2,442
5 7 216,564 3,615,022 20,801,429 1,851,232 26,484,247
(1%) (14%) (79%) (7%)  (100%)

(ZA: P4 755 2014)

AP BAFANFEANA, SHAZAARA), G, AR, HE, HPAY
Som pRagon, JAfP3E AAF B A3 AAHoz dd 498 @A
F WalE Ast b e wEFe AAska dov, 1 bg gEvs>augg
Fo vehdth £d 9o w8 §38 QBFHe Fgua AT P4 39
% 3> SRl e UEyton, dgue 4% Wy



¥4 3% A9 g4 Wy 9@ JEEH
A A A5 A
AH8 wa YEZH Wy JEZH wxy JEIH Wy JEzF
(ha) (m’) (ha) (m’) (ha) (m’) (ha) (m’)
o =3 3 14,309 2,172,787 12,226 1,270,417 817 27,709 27,352 3,470,913
EEES
95 18,677 3,698,242 16,150 877,748 1,934 500,468 36,761 5,076,458
M o
A A 1,753 294,737 3,853 274,368 483 25,951 6,089 595,056
2HE 3] 3 293 53,204 57 2,450 23 860 373 56,514
oAl = X2
k_?f>;5 - - 62 1,391 101 28,965 163 30,356
3] 3
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7] €} 8,335 1,696,237 7,854 693,638 4,367 782,389 20,556 3,172,264
2 A 43,367 7,915,207 40,252 3,121,776 4,367 782,389 87,986 11,819,372
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1) sAA=
w ATNME AFE Ul EEAAM SAHE wEs ddeE AT &
ol gw FuAAL FHA 6cmolA HY 100cm=E, Hit 292cmollon, FiuieE HAa
4mel A Aol 32m=, Ft 12.1m o]tk EAel o] &H HA JEFE 1,977 ©]
ATHGE 9).
£ 5 8% dolee Bt
A F11474 (cm) 1L (m)
Bt 29.2 12.1
2 o gk 100 32
a2k 6 4
F=H1at 16.7 4.2
2) #4554 5l A
AT E wEY FaFAe] Aste] 4719 nHAdE AF o] o] §H AT
o] &% T 9SS Exponential, Modified Logistic, Chapman-Richards, Weibull X 22]0]
TH(Richards 1959; Chapman 1961; Yang et al. 1978; Ratkowsky and Reedy 1986;
Ratkowsky 1990; Huang et al. 1992).
7} o] slebu] el SAS 9.4 SAAZE o] PROC NLIN ZEZAAZ o] &3}
, A

o] A=3FTHSAS Institute Inc. 2013). 2 24 gatug S A&3

o] »d ylgtuE 9te] Hl WSS A AISHS TH(Lumbres et al. 2011; =95 5 2013).
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FuAH-F AARAAY 7 ndS5o] AAJEAGELS FAEET. AR AL
o] HE 0.9258~0.9259, HHA|FLxY] WHAE 22178~3.4945, HAxtE

-0.0289 ~0.0019, A F A= 0.8413~2.70759] WS el RE AAEZA %
S ¥t 23, Exponential E@ 2 o] HARAR HAFEd oW AAATE 0.9259,

BFAFLOAE 22178, FF A= -0.0289, Ao F A= 0.84132 YEFYTHE

# 7. wE FAFEA Y] A E e AASAT

s}2}km) g HAREAZF
2dry
a b c R? RMSE  MD MAD Pr>F
Exponential 22.7684  -35.6355 22.2943 0.9259 22178 -0.0289 0.8413 <0.0001
Modified Logistic 45.145  0.0634  0.4963 0.9258 22231 -0.0291 0.8420 <0.0001
Chapman-Richards 20.8576  0.00991  0.4355 0.9258 3.4945 0.0019 2.7075 <0.0001
Weibull 27.9373  0.1009  0.4892 0.9258 22221 -0.0287 0.8415 <0.0001
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373 70 3 7H] 60
2 2] o YT ot PR
o] FuA7A g s F A7 dUE=E
(m) (cm) 55% 65% (cm) 55% 65%
(trees/ha)  (trees/ha) (trees/ha)  (trees/ha)
3.0 4.3 8,300 9,800 5.0 6,500 7,700
3.5 5.0 6,500 7,700 5.8 5,100 6,000
4.0 5.7 5,300 6,200 6.7 4,100 4,900
4.5 6.4 4,400 5,200 75 3,400 4,100
5.0 7.1 3,700 4,400 8.3 2,900 3,400
55 7.9 3,200 3,800 9.2 2,500 3,000
6.0 8.6 2,800 3,300 10.0 2,200 2,600
6.5 9.3 2,400 2,900 10.8 1,920 2,300
7.0 10.0 2,200 2,600 11.7 1,710 2,000
7.5 10.7 2,000 2,300 12.5 1,530 1,810
8.0 11.4 1,770 2,100 13.3 1,390 1,640
8.5 12.1 1,610 1,900 14.2 1,260 1,490
9.0 12.9 1,470 1,740 15.0 1,150 1,360
9.5 13.6 1,350 1,590 15.8 1,060 1,250
10.0 14.3 1,240 1,470 16.7 980 1,150
10.5 15.0 1,150 1,360 17.5 900 1,070
11.0 15.7 1,070 1,270 18.3 840 990
11.5 16.4 1,000 1,180 19.2 780 930
12.0 17.1 930 1,100 20.0 730 870
12.5 17.9 880 1,040 20.8 690 810
13.0 18.6 820 970 21.7 650 760
13.5 19.3 780 920 22.5 610 720
14.0 20.0 730 870 233 570 680
14.5 20.7 690 820 24.2 540 640
15.0 214 660 780 25.0 520 610
15.5 22.1 620 740 25.8 490 580
16.0 229 590 700 26.7 470 550
16.5 23.6 570 670 27.5 440 520
17.0 24.3 540 640 28.3 420 500
17.5 25.0 520 610 29.2 400 480
18.0 25.7 490 580 30.0 390 460

% ] Forestry and Forest Products Research Institute 2011
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2UFALAEY FeEe] A= AT A, 201330 22,785m’, 201419
£ 18,662m°, 20150 = 29,273m*e] I & 7} A sk

35,000

29473

30,000 4

25,000 4 23785

20,000 18662

15,000 S

A4 (m?)

10,000 4

5,000

2013 2014

a9 35 A AuEAAEE FeEe] HAHEE
AA s gFe] nlgo] 20131 32.2%00 4 20151 41.4%% F7Fetdnh 5, AR R
= 20150l AA It 7 A skl Bkl 2SS EATE Al

# Aoz AARHA.

T 20133 2014 20153 R
A4 (m?) 22,785 18,662 29,273 70,721
H & (%) 322 26.4 41.4 100.0

PEETF () 24,517 32,024 50,274 106,815




(2) 2UFAATE FeEe] A= A

o
%
A
m

AYUFAI T ﬂﬂ%ﬂ?A 3 A Al A, A7 H(6cm <DBH<16cm)l A=
1,006m*7} AEd oW, %7 F(16cm <DBH<30cm)ol A1 &= 9.418m’, ™7 F(30cm <
DBH)el| A = OWMQSMW}%%ﬂMW

EU %n

70,000
60207
60,000
50,000
> 40,000
g 0
T 0,000 -
20,000 -
0418
10,000
1006
I:I | |
AT FAZ =
a9 36, A AUFAATH gsEe AAEE
Aed AAos g &2 dAdFoAA 85.3%= 7H AA YESTh &, Qo]
Z FEolAM Y AATs It g Aom FAHAY
#E21 AeE AUrAdEE geEe] QA 2 JdEEE
T Bz ey RCAE o7 = A

A2 (m?) 1,006 9,418 60,297 70,721

H & (%) 1.4 13.3 85.3 100.0

A&EET () 14,502 36,630 55,683 106,815




2013119] Shannon-Weaver Th4] A4=2] 33t 0.810]9], 2014 0.69, 2015\

RE A7|oA R A5 S T
Atk A EXAGS B, 201332 47
=& A o] Bxarglon, 20143L o] &g} drtal,

[e] e
A} grtele FAow Ry A5 w9

¥ 22 A= F7F A Lol wE Shannon-Weaver

Scale Minimum Maximum Mean Std
5by5 - 2.15 0.70 0.55
2013 7 by 7 - 2.14 0.82 0.58
9 by 9 - 2.15 0.91 0.59
5by5 - 2.03 0.59 0.51
20143 7 by 7 - 2.08 0.70 0.53
9 by 9 - 2.08 0.78 0.54
5by5 - 2.02 0.49 0.49
201541 7 by 7 - 2.08 0.61 0.53
9 by 9 - 2.09 0.69 0.54
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0 125 25 Skm
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c. 9by 9
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-Lowio

[

Tby7 9by9
Shannon Diversity Shannon Diversity
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£ z 0 125 25 5
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b. 7 by 7 c. 9by 9
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(2) Simpson's Index

20133 9] Simpson's®] TR Ao Wit 0.46°1H, 201492 0.40,
0.36% Algto]l Aol wel thFg A ghol Akl g

2E A7
Al FAREE gol FASHALh A ¥

-

d Arwe

¢

¥ 23. &3 2ALe| 12 Simpson’s Index

2015d &

oA T

Minimum Maximum Mean Std

5by 5 - 0.88 0.41 0.30

20134 7 by 7 - 0.88 0.46 0.30
9 by 9 - 0.88 0.50 0.29

5by 5 - 0.86 0.36 0.29

2014 7 by 7 - 0.88 0.41 0.29
9 by 9 - 0.88 0.45 0.28

5by 5 - 0.86 0.31 0.29

20154 7 by 7 - 0.88 0.36 0.29
9 by 9 - 0.88 0.41 0.29
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9by9
Simpson Diversity
High : 0.88"
Low: 0
0 125 25 5 0 125 25 5
[ e = e [ I aroax [ e = e )

b. 7 by 7 c. 9by 9

a9 42, F=A L] mE Simpson's Index 3 (2013'd)



5by5
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CJaaoyx

Toy7
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Low: 0
0 125 25 5
[ avoiax e —
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o 125 25 5
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c. 9by 9

9 43, =AY mE Simpson's Index 3 (2014d)
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(3) Evenness Index

—_—

201311 2] Evenness®] A5+ At 0.920]w, 20142 0.92, 201512 0.93= A1

Aol wel A ghol S7FskTh ERE, BE AlZ]CA A f@e E3EAA

¥ 24, ¥ =AY w2 Evenness Index

Minimum Maximum Mean Std

5by 5 0.41 1.00 0.93 0.07

20134 7 by 7 0.44 1.00 0.92 0.07
9 by 9 0.44 1.00 0.92 0.07

5by 5 0.32 1.00 0.93 0.08

20143 7 by 7 0.34 1.00 0.92 0.09
9 by 9 0.34 1.00 0.91 0.09

5by 5 0.29 1.00 0.94 0.08

20154 7 by 7 0.28 1.00 0.93 0.08
9 by 9 0.34 1.00 0.92 0.08
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O% 46, FH2=A Lol 12 Evenness Index T3 (20134)

- 81



5by5
Evenness

gh 1
Low : 0.30
0 125 25 5
[ anchax S P 11

Tby7 9by9
Evenness Evenness
o Hioh 11 o High 11
“ Low:0.37 Low : 0.35
25 2 5 0 125 25 5
CIazroax el R, 1, CIazuax [ e = e |

b. 7 by 7 c. 9by 9

a9 47. S =A D 12 Evenness Index X (2014%)



Tby7
Evenness
High: 1

“Low:0.34

[ awoia=

5by5
Evenness
P High -1

Low : 0.30

[ armyx

154

9by9

Evenness

] High : 1
Low: 0.34

[ aaoa=

o] W& Evenness

Index

c. 9by 9

H
o

X (20159)



(4) Dominance Index

201339 Dominance® A& ¥t 0.08°]™, 20142 0.08, 201502 0.07= A

Atk 3, e AZ]AAM Ag g2 AT

¥ 25. 3 2A Yo wE Dominance Index

Minimum Maximum Mean Std

5by 5 - 0.59 0.07 0.07

20134 7 by 7 - 0.56 0.08 0.07
9 by 9 - 0.56 0.08 0.07

5by 5 - 0.68 0.07 0.08

20143 7 by 7 - 0.66 0.08 0.09
9 by 9 - 0.66 0.09 0.09

5by 5 - 0.71 0.06 0.08

20154 7 by 7 - 0.72 0.07 0.08
9 by 9 - 0.66 0.08 0.08
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(F4%1 : ha)
37 ==
&) 1 2 3 4 5 6

a1 222 45 - 2 3 4
a4 e 698 26 - 2 2 22
=] g 397 15 - 2 1 14
2 1,252 27 - 4 3 13
T 203 2 - - 1
=73 ¢ 175 1 - 2 4 10
bR 710 66 4 6 1 15
Rk 1,603 46 45 12 18 50
&7+ 674 110 17 33 20 40
ek 305 7 - 1 1 4
oAl 836 54 23 9 15 49
TAkE 382 10 - 1 - 1
Al 516 29 - 4 2 6
o 4 ] 361 29 - 9 2 5
o =2 1,342 71 47 12 26 70
ey 1,055 40 - 1 4 23
R 308 20 - 3 2 8
al712] 322 35 - 11 5 9
st 12] 236 13 - 1 - 2
372 253 2 - - - -
A 11,849 649 135 115 111 345
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Studies on Forest Stand Management of Pinus

thunbergii in Jeju Island

Gil Dong Park

Department of Forest Management
Graduate School, Kangwon National University

Abstract

This study was conducted to develop height-DBH nonlinear model of Pinus thunbergii
based on regional characteristics of Jeju Island, to suggest management plan of the
stands considering its shape ratio and stand density, and to analyze space-time
distribution characteristics of pine wilt diseased trees using GIS spacial analysis function.

To develop the height equation over DBH in Pinus thunbergii of Jeju Island,
Exponential, Modified Logistic, Chapman-Richards, Weibull models were used in this
study. As a result, the estimated height equations were significant at the 0.01% level,
and the model curves of all models were similar. As a result of fit statistics,
Exponential model was finally selected as the best model, and there was no abnormal
pattern when compared to the model in previous studies.

To analyze the stand density through the shape ratio of Pinus thunbergii stands in
Jeju Island, 34 plots from Aewol-eup Aewol-ri to Mt. Halla were investigated, and the

shape ratio and the degree of stand density were analyzed using average DBH and
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height. As a result, the shape ratio of the plots in Mt. Halla was different from the
shape ratio of the plots in Aewol region outside of national park.

In analyzing relative density, the stand density of Pinus thunbergii stands in Mt. Halla
was relatively high, and the stand density in Aewol region outside of national park was
appropriate. Thus, thinning was considered to be needed for target stand density in the
region of Mt. Halla.

Using the information of diseased trees in the year of 2013~2015, volume distribution
of diseased trees in Pinus thunbergii stands was analyzed by year. The amount of
diseased volume was 22,785m’ in 2013, 18,662m’ in 2014, 29,273m’ in 2015, and thus,
effective prevention is necessary for Pinus thunbergii stands.

To check the distribution -characteristics of diseased trees, cluster analysis was
performed using K-means method. As a result, accessibility of road and residential area,
stand density of diseased trees, and basal area ratio of diseased trees, and distribution
characteristic and patterns of diseased trees by administrative district were figured out.

This study was conducted for the forest stand management of Pinus thunbergii in Jeju
Island. Height estimation using DBH, stand density management using shape ratio, and
spacial assessment and pattern analysis of GIS are highly expected to be used as

fundamental information for the management of Pinus thunbergii stands in Jeju Island.

Key words: Pinus thunbergii, height-DBH model, stand density, pine wilt disease, GIS
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