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Abstract: This study investigated the optimal levels of stand density control considering the stability of Larix

kaempferi stands. A stand density management diagram was developed from 259 sample plots. Based on these data,
we determined an optimal level of the stand density control by identifying the relationship between the relative yield
index (Ry) and height-to-diameter ratio. The estimated r-square (R*) of the stand density management diagram is
0.600. The analysis of the relationship between Ry and the slender tree incidence showed that when the stand density
exceeded a certain threshold and the ratio of slender trees rapidly increased. The critical value of Ry was 0.63. The
results of this study are expected to contribute to the establishment of stand management strategies that can reduce
damage from natural causes, such as wind and snow, and to develop stand practice systems for the improved
productivity of commercial forests.
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% pele) 4y sz g AHE] WA (Heightto-
diameter ration : H/D)\} X3}, =349 #3 59 ¢
7F Ao Qef Yehbe A4l Telet XS &85t
o] AA35tal Qlti(Park et al., 2017).
it TelolA dEYUE AAo E8E=
[e]

o =
a1, 70 o]5}9] A oA A-S X dth(National Institute of
Forest Science, 2015). ot} Zro| W0 B4 24
<9 A5 A FE8E 60 olsk= AAIskL gl
B(Oda, 1992), E7}EH|LRe] 78 Eale} a7}
e Yme) G| 83, vjEd) JES Gor wil
= v} QlthiKorea Forest Service, 2000). E3F 2| fef &
slerelol sl BAH] 708 71202 e Htat
QEmE we] Wk AAISHICKKim et al, 2015).
A2 drel ddside = AR S gS(Werstern
larch)o] F3) YB3 127 ke Y=o UAHL WA
H] 8022 AJA]%%3(Wonn and O’Hara, 2001), 7=
HAol X% AAge] Eol ARIAUTE

T =23
Ao WE g4 B Ba Fah AA% 80 A

o 2 up it

(Moktan et al., 2015).
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43s] AaEo] s 28 ¢Fo Uit dEE= w9
A7 H= A=7t Xﬂ/\]ﬂl Qlth(Park, 2016; National
Institute of Forest Science, 2017).

b ATl A URAZR Qo] YA

1. 97 X2

B AToldE drqibrel gruE o) 4%
T2 B7EsH] f18l 2006~200101 o] AAJE AISAF =
7P A} Y Z A National Forest Inventory: NFI)E =3} 7
= @92 pRE @A 22 2AREE o8kt
U= A4S feiAe Htid=ol 2t =l
A ZARSE AR 7 F 851t Ando, 1968; Nagahama, 2003).
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(Diameter at breast height: DBH)3} 4=31(Tree height) =
S o8-Sk YR EE| =] md sl 2§
317] Y8l 28 EHH FHoF §F112 7 (Mean of DBH: D)
I} o+ 4=31(Mean of tree height: H), $-A|& 4=31(Mean
of dominant tree height: #,), &A1 (Form height: HF),
AEG I H A (Stand basal area: Dg), YA Z(Stand
volume: V), Y= (Stand density: V), FHH 4§12

7d(Quadratic mean DBH: D,)< Pgo}ﬁl:]{Table 1. A
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2loll 7 ol &84 mEoo, ufoll M= 2T A7 T2 Aol A FadtdAe v e Z8shiich
Table 1. Descriptive statistics of analyzed data for 259 plots.

Variable Symbol Unit mean S.D. max. min.
DBH D cm 259 20.7 4.1 36.7 10.7
Tree height H m 259 17.0 2.9 26.3 9.5
Dominant tree height H, m 259 22.0 4.0 33.0 10.9
Form height HF m 259 10.5 1.7 14.9 5.6
Stand density N trees - ha™! 259 1052.8 306.7 2250.0 375.0
Stand basal area Dy m? - ha™ 259 36.0 9.3 64.6 20.8
Stand Volume |4 m’ - ha 259 380.3 122.7 834.2 119.2
Quadratic mean DBH D, cm 259 21.4 4.4 37.2 10.9




204 it B LR 7

A
e L e

Tl

4
S Y4124 (Equivalent height curve: EH) 2 -4
= 3ol Ruse] tat A Yo 1A
el Qrawel AAGe] A%, Ao B

N Ho

Wl

X (Equivalent diameter curve: ED

DHRFY 0] PEuwet gu 4 go

Lo

1)

dol 02 oX rlo
o R8N > 2 T

M ogE 2 do
¥0,
|o
=
>
o
of
Ko}
o
B(\Y
&2 i
W o
T
flo &
=)
2 5
a2
N

Ar
k=
=
oS
e 4
=}
1
1o
i
M
i
o
&

»
)
T
z
)

% 4o

K
oX,
>,
>

N/

filo

offt

o

i
_(\)L
2
T

a
V=(aHT"+———)"" ()

D=b, +b,Dg+ bg% )

VNHT

HF=c, +c,HT+c,

©

oo o
R Az
)

o

2

Aol Vi
Eolu], D
b.

K3

=2
2
3
rr
o
g—z
1
4
¥
=
rlo
oS

ins)

1]

>{1:(
o

i

oo (e Mo
1o i il o
4 2 o
ox 2 _llZ‘l jil
rlo
> e
b S
o .
> ;.g o
TR
[9%)
o o W i
I i)
2 o
oflt -
ot
+
| HII

)

regression analysis)S E3 Al4-E FAH5IRL, HE 9
YR wHe

A
of malo] Ay Balshec

2) A& BAAE

=] AR R FEE = A
“(Relative yield index: Ry)E= A7 A X|4(Relative
competition index; Rc)Q} $HA 7 A A 4=(Full competition
index: RHE o|-&dl AF&Esiich A BAAF= AU
MA=ZE BAS Uehde Aaoln, Aol gle AH
o] A= A il 9 o) ARl A= ¢
9] NAE A ] BlE= UERHTKShim et al,, 1985).
Zh A B2 AHABBATE A 45 o]&5f Btk
I F 7V = AR AHE Bole #24E F
FEHE oulste= AEBA = AGsto] 4 5
Ao BEA S ok A 49k SolA, 09}

o FAHolu, ot 4 19] A4 FHHo]c,

H1

<ot & 2
r OHH i) jil

|
LA}

.

A109E A25 (2020)

N 4

Re=———= va, HT " = ~uHT o )
a; HT "
1—Re

Ry=1—5 7 ®)

3) gl Al

Ayt 4=&F R 4= Al(Relative yield index curve: RYC)
& Fj U =LA (Full density curve: FD)of| th3t Afch &
Q1 wlof whel Aol A, AH ASA(4] 63 o
BHE o544 N T Yk

Ny, = KHT ©)
~ K +1
VR(’_[(QZVI{?F (7)
o W, Np= AAAS Red wo] Ed=o|m, AT
£ SR I, Vs ATAAAS Redd we] 9 A
g oujgtth. of7|o| A K= 4] 8~11% Fafl A=5 <=
Booln, o] BAES M SWRFLTAL Tl
(4 Dol A8 A5E olgsto] A&
K= () ®)
_ (1_Rf)Ry 1_(1_Rf)R’y a; (12(2(14
B 4 ( (1—Rf) Ry a3) ©
K =(a,—a,) (10)
_ (-Rf)Ry &
A= 1—(1—Rf)Ry a (an

= Aprs

2)sto] Uehy7] Slal 7187100 afdets ma A K
o mAsE, Ko K2 #S 0.5 7H20.2(1.00, 0.95,
0.90, 0.85...) a}t}.
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4) AATARA
2ol 4

5 dAY= A &
= A9 A BAlA A o] TSt A P&
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[}
NI MTL A2)5HA] Eok(Park et al., 2016).
o] gk A+ LA} A (Self-thinning curve)S 4] 129} 7+



o] =T, o] AoA N RHES, P K(A 13) (Table 2), S FsnT4 24210 A=(R)L F 60%
= A 19 s o]gsto] AbEskqith 5207 VEPITE baiss 8.601 2 H|w A =2 Zho] Ut
ER -2 wick] o] el & Ao Thevt S u
ziv: %* 1(}1s1+1) (12) %l Zor Holw, I} LERGS ﬂi‘%éﬂ% o], Hg o]
o KN o= T FE7t 9lS AR gt h(Figure 1). 5
X KlRf( Rf 01k G2 K +1 13 B A gA4 e Ay %k?7%% U[EM o & Xj@
g a; 1—Rf a4 a, E7t w8 R e, BUEE A AEs
8l LEE= P dS5AY] A2 oF 81% o
3. YBUE B2|O| MY 47 M % U
T AL ez 2 g wron, Fi13 FHH, SHA LAY 2 Aol o) AEEE
7ol Wit =319 vlE YEtdl= 3-4H|(H/D ratio)= ¢ e 9 AATARGA S B A ~KE A5}
Ho] oAl tigt AR E 3l glthKaramer, 1996). 7] f1al -4 A 25970 w2 ot AHAEBA =
wEbi] ety o R A JRUE He| £ FAH|et ARSI, T % H o R BWrhE HEF 14799
FHoHE 7|20 ® AAsks Fe7 gk & dite 0.096158357& SHAZZAYX R Akt SAE YA
YEJAURL] WF UAIA] H/D 805 #-8-5Fo|(Wonn o A FHAFILFAS B 2~z E 083k 4
and O’Hara, 2001; Moktan et al., 2015), A} FEH U ZAlo| uhet U EZAA T A TAEAHAS S
3734 80 ol A= 24 vl dEdETE R 3} tHTable 2).
FdegeFA o] BAE Bl A8 LS AT 5 PEEET RS JEAAYA SR D= A
U HEUE 2 B4 Adlaegwi R gl o FA AL HUE A AdE] tigt £ U
S 4] 80 o] MAIE 24 vl&9 M3l A4S At 21 9] H]E o]u]sl i 2 (Ando, 1968; Shim et al., 1985;
o 7 W ko] BAlC] 2 A =] JEEE Nagahama, 2003), HtiUE AEE AR 1.0
T 71 AAsHTH 2 3lo] 0|2 7]F0 & 1.0~037H4] 0.05 7HA Q] TALS
2Hgsteint o5 flall rA AAE AR YA =eE £
Zio} 9l mat Al s o] =4 AleE ggato] 2k 2=
AeAe] £ 4] 61} 79 RpE AFESHIA(Table 3),
1. U2EEEEE 7Y 2 &3 FTHOoR A dEUEH RS BE 4 BES
YEJZRY JEUEHE| e A Y 2 A 0|43 =2|3}5}9 cHFigure 2).

Table 2. The estimation of interaction equations for stand density diagram for Larix kaempferi stands.

Equation number Estimated equation bais R2
—2.955
Eq. 1 V:(0.074HT’1'159+%)’1 8.601 0.600
Eq. 2 D= 2.640+0.911Dg—0.209% 0.000 0.965
Eq. 3 HF=1.621 +0.331HT+0.231% 0.000 0.808
Eq. 6 Ny, = 495642.646 K, HT ™ - -
Eq. 7 V= 55942200, ! - -
Eq. 12 L -
4 N~ N, —168360.189N 51 ; -

Note) Eq. 1 = Equivalent height curve, Eq. 2 & 3 = Equivalent diameter curve, Eq. 6 & 7 = Full density curve and Relative
yield index curve, and Eq. 12 = Self-thinning curve. respectively.



206

WP ERE AI109A A2 (2020)

7

1000
900
800
700
o © ©
o
g 500 o
3 » o
T s o o o0
% %@o @° "o
£ ° 295 % o
-~ 400
LIUJ [s) - %@%O @80
[e]e] o
300 %% Oo% ° L
Q8 o o
0®© o)
200 00°
Qo
o o]
100
C.
200 300 400 500 600 700 800 900 1000
Measured value
Figure 1. Comparison between measured value and estimated value in Larix kaempferi stands.
Table 3. The calculated result of K;~K, parameters by relative yield index.
Calculated parameters
Ry
K1+1 Kz K3 K4
1.0
(full density curve) -0.645 55,942.200 -1.796 495,362.646
0.95 -0.645 42,577.454 -1.796 351,308.049
0.90 -0.645 33,670.197 -1.796 265,515.251
0.85 -0.645 27,214.610 -1.796 208,584.239
0.80 -0.645 22,280.455 -1.796 168,047.861
0.75 -0.645 18,370.447 -1.796 137,715.631
0.70 -0.645 15,191.727 -1.796 114,165.281
0.65 -0.645 12,559.253 -1.796 95,351.013
0.60 -0.645 10,349.695 -1.796 79,974.685
0.55 -0.645 8,477.368 -1.796 67,172.862
0.50 -0.645 6,880.750 -1.796 56,348.906
0.45 -0.645 5,514.507 -1.796 47,077.319
0.40 -0.645 4,344.566 -1.796 39,046.487
0.35 -0.645 3,344,963 -1.796 32,022.966
0.30 -0.645 2,495.791 -1.796 25,828.420




U PAS TR YRR YR Telo] 2 47

Stand density management diagram for Larix Kaempferi

207

§ & ST E o
S RIS R
s AT IINIIRS 5
FLILITITATITITIIRNE +
o I T IS IRNS
N
. U e v S ST R
B TS
% o0 PR/ K K ITAA AT A s,
5 100 {7 7 7A) ‘./4 I TNIAD IS Vo,
N/ // OO TANS N
0 NS SN
o / / "/ 4. (v' :pq)‘;
30 [« / ' ‘ ‘ ,:Q@s
/ : %,
20 ~,° / \ :0,\%\
// z\\ @:o“o
10+ < > | ”“‘w:
100 200 300 400 500 1000 2000 3000 40005000 ,,0\?0 10000
Stand density (trees/ha)

Figure 2. Stand density management diagram for Larix kaempferi forests. Red line is equivalent height
curve, black line is equivalent diameter curve, blue line is relative yield index curve, and green line
is natural thinning curve, respectively.

2. QEnicol o= S{AMH|o| 2 CHPark et al,, 2017). o]t H& e & uf, &Y
Agsteka| o 9 Eo] x| U4 9l o] o= =9 gaFol 2 FaA Aol Wrrt wordl mek A%
A ot QAL oujels AYUEE |FEo R 3 A o] AslE o] FAR|7L Fole Aol yEhd o=
el WS oju|slui(Park et al, 2016), 0|5 o]gste]  AtEEU:
ARz soeold FAHE fAs] A%t AeE E3l 5ol TH7E v WA el g 805
ko] x1#=2 g2 th(National institute of forest science, 7]%& S 2(Wonn and O’Hara, 2001; Moktan et al., 2015)
2015). QYR zo] w2 AAFQIALo] W} oS E5) A A= e A e 24e fs 29 2k
A ST £ES dotry] s AdiesEFaeet APA AAE alEjshe Alo] WastRE, g/44H] 80
Fagule] vt g BAS AikFigure 3), A4t o139l ghe A A HlEE AbESte] AHiaeeE
Aot el A ATt A= s Aeke] #AE SAstthFigure 4). iRl
o Fgvle 8 AR dFE o, dedert v 7h STkl wel dul g/dH) 80 o) de) IS wEe]
ool wet S7kshE 549& Ade AR dHA 3 IUIske BEFe] UEhdaL, I o] k] EEshE
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Figure 3. The relation of Mean H/D ratio by relative yield index(Ry) on Larix kaempferi stands.
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Figure 4. The relation between relative yield index(Ry) and slender tree(H./D = 80)
on Larix kaempferi stands.
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Figure 5. The optimal control level for stand density considering the appearance
ratio of slender tree in Larix kaempferi stands.

Aee A4 @9 718719 Zemz, HA G2 o] BA= A JHBAR Yehgon, o|eh &2 dA
y=113.6296z +a7} HIL ojuf o] el YA @9 « = Wrgstr] flsl AWl Al F 40 80 oY) &
W2 0.6301H, y= 10.87= YeERITE mheba] dEEE v & Aiesd Ao BAE T8 24T deT=
o) H4 #E2 Ry 063010, o] i S ulg ARG A =2 s EFASRy) @ 06302 1
£ 1087% olst e 7Mssiu, o] MHL Ak W ERTh
T T4 @2 y=113.6296z —60.422 FA =] glct A4 dEdE WY A4 = Ry 0632 U=
(Figure 5). ol ojA F&ff ® 2] vsiE AdD & e o

olubdom QuuE Telo] B Mol 0.6-08 Alo]  HTEE SES| 9% A9] 710l & 4= ek w3
2 4HA QOum(NIFoS, 2015), @] AugL Ry & A7 SAHS B85t A2 A =2 H, F1
0.75% 2 1% u} Qlth(Park et al, 2017). o3t A< 1 217 A A, AESTHIE S T3 T2 FAHA
P 2 o) gRUE pee MY Szom BA® Ry  AYREE A 3 AY A8 AW € e 2
0.632 FAQHoA 24 7153 WOz wehg ) 5% g o vk mEbA TR BT J9sRE At
gk QB fgkek 2oy AYER uet sy 7|Ee U= B A o] U AFE FoE A&5H
Al 4 glome, oo rhofdt YRS utgd OE oAU o Sk o S Sl ANA
AR W 712 Bse 271 L7} 2w ojof aF A 5 W Y xR g8E AR dEh
Ao ArHct
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