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Development and Validation of the Stand Density Management
Diagram for Pinus densiflora Forests in Korea

Joon Hyung Park, Kwang Soo Lee, Byung Oh Yoo, Yong Bae Park, and Su Young Jung®
Southern Forest Resources Research Center, National Institute of Forest Science, Jinju 52817, Korea
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Abstract: This study aims to make the stand density management diagram which is very useful for establishing
systematic management plan and obtaining management goal in Pinus densiflora forest. To estimate 5 models
mainly composed of stand density management diagram, we used total of 1,886 sample plots having more than
75% of the total basal area of the pine trees in each stand. To test the goodness of fit, X*> was computed with
a significance level of 5%, and the acceptable error range as 20%. Also standard deviation of the model was
34.59 m*ha™!, minimum acceptable error range was 16.59% and coefficient of variation was 22.11%. If we use
the stand density management diagram, it would be useful to establish the timber yield and thinning plan
understanding the pathway of stand density management.
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Ao G Qo o2 rAE dAF ) tsfA
gAo =z TS H|Esle] F=o] 4bs = &80l 7hesi, A AE AHEI=

, EAARN A B Y] Bk oA &+ Afstar A ong, 2007). A+
82 1S ™ (National Institute of Forest Science, 2012), g ze] siAe AEHU”:%/\ o Qom, o7
2yt AH W] 148 A= 1,507 ha® @ B EE o] BT F e A 2, 99d
S0 BA 2 H|EFLS 19 ATH(Lee et al., 2009). o] 3+ 2ol A 7= 7] Aﬂ%%k% dGsirh= Ao] 1 o]&
2T A2 AR, 2 2 9 5 U o] g 4lo]t}. o]H 7k o] &2 Reineke(1933)7F L =9}
S AIAHS A&s717F o1, AAg AAAT = FaA7de] IAE Tl HxE Qi) ol % diEY
H= AL AA| 27] w2l ddol] ARl ko = Wb S e AR Es A g dAE A9EE C-
SHAV, AN, BEEAaue] Ak So B2 Q3 D& ¥} (Competition-Density effect)ol] tfst 72 7]Qke
i)z} Z s Ago] = Z (Lee et al., 2010) YEUE 2 (Kira, 1953) &7 A" (Ando, 1962)2F Ah b 1%
e ol ok AAA ] HAele] oA FiE 9 2 (Ando et al., 1968)°]] thall YED AT =7} A=
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index curve)S E-83tF o, AdEUT} JEAA ] F SHH ol A 9] YRUE=Z]of A3 AT Kim(1963),
AZ JEU=AEE 25t & TE99 S84 = Ma(1979) 5] HUUEFAS 7|Fo 7 3 R

32

=
o wet SHg4o) w9tk Al s A8 AL uf R, O1F A (Shim ot

B Aol A Drew and Flewelling(1979)2 Douglas  al., 1985), &UH7(Kim et al, 1987) Y25 tFe® &
Blwaha) et 72 AEE 2ok Ando(1968)] W

firs o= JELeAYg=E e, FP5 = ¢ i

o] A e He, AR, dEo] A THee < Ag3te] AAE O A T FEEF G 2 e

o AL Fo 7] AEA RUEEY A} Hlast At 718 w9l a&/d0] Zodth ey A FA] ] A

o] mwj, UL (Crown closure)?] =2 AL EX]F gl JFTxet Al dFTRE F AolE Hola 3l

(Relative density index)E& ©]-83tH oM, AE HF U= o] FAH tht A&oll= ofElgo] MEIL Jlom, o]

ANA P ee] AAE A-83te] Ando(1968)8F 2HE T dedsdy] A A3 F502 #A =eHelx

st # S ANBIATE o] F YU =R (Stand density FAR A E flal JREEEAHYES] oS F

index)5 FHEEL] HER Agslo] JRrUeaAe =7} =3 Q= Aot

7513 . (Smith and Long, 1987; Long et al., 1988) mepa 2 A vt Ao A4 B2 Sl &

Aol A FH ol wet vhgst FeE N E A U S e Agdtdead F4S8 59
AATAE B AFAE] o8] A AAH R dF AU R A=E fEFgo RN A4 deEEd

LA =7t FHEoA] AL )T, oFAJolell A= Ando(1962, g 715 nhdste] 744t A &7bsE Atk e

1968)7F %= 243 AL A ZO 2 Tadaki(1963), o] 7tol =l e A|AIStaLA} Sk T

Kumer et al.(1995) 5°] th¥st = disl] dEd=

BEs AR on, Hopve7te| A= Drew and M=

Flewelling(1979), McCarter and Long(1986), Williams(1994),
Spathelf and Schneider(2000), Long and Shaw(2005), 1. Xjg2o| M 2 Hg|

Sharma and Zhang(2007), Shaw and Long(2007), S&°} LAY E e &8E AEE GUFFORE
W 2] 7} Marquez-Linares and Alvarez-Zagoya(1995), A FHEEIY T dAHeH, 7hH S AAFIA] 2
Chauchard et al.(2001), ©}Z2]7} Onyekwelu et al.(2003), JeEfol A HojE o] mEdt JdES videz o, 1
Biber et al.(2004), % Sales Luis and Fonseca (2005), A7} =olRIt(Newton, 1997; Shaw and Long, 2007;

Anta and Gonzalez(2005) 5 A Al Zt=ollA x&# el A Giorgio et al,, 2008). WEkA 2 Aor = & Fa
T7FFREL QoH, dREEREeE Aste] A WA 7|FO R 75% ol AU ek dis did
7ol g3t At o= AR 65% o3 ARE FEskATh =

Table 1. The number of investigation sample plots classified by upper tree height and stand density.

Height

No. of trees 2m 4m 6m 8m I0m 12m 14m I6m 18m 20m 22 m Total
per ha

~400 1 3 4 2 2 12
401~600 5 17 18 14 6 4 1 65
601~800 6 18 37 21 12 5 6 1 106
801~1,000 3 5 48 86 39 16 4 1 202
1,001~1,200 1 17 81 92 57 20 11 279
1,201~1,400 4 29 104 61 37 15 2 252
1,401~1,600 5 37 89 54 12 3 1 3 204
1,601~1,800 7 43 65 33 15 3 166
1,801~2,000 6 54 59 21 5 146
2,001~2,200 4 31 40 14 5 94
2,201~2,400 1 7 30 23 7 3 71
2,401~2,600 2 28 18 4 52
2,601~2,800 9 25 14 5 53
2,801~3,000 7 26 13 2 48
3000~ 21 7 22 56 25 4 1 136
Total 21 8 77 387 603 440 217 84 29 15 5 1,886
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65%% 7102 A AEE FEI olfis AR
Aol dedze ARE ] ol FFelA )
Wo) 7]ES AT e WekemA ezl o
ARl d S A8she Aol &8 7heslth(back et

al., 2010). o] o, Joid =
o] A AR E U HAe] F ] 2Hgshe FELS
2 ddste] Fd s 65% ]”-4 X]' EE UdoE 74
SFATHAN et al., 2007). © e P
A& sl = 1,88671 49 ZA} ARE g5+
o, FE= FHAE AN X 1097 2=A
A EFA 520749 =7 AR Z2AKNFI; National
Forest Inventory)ol| A ZAFE BFA] 1366742 AEE

$+-8-5153 TH(Table 1).

A=A 74 B Ao AREE Hee il
HaF 322 7 (Mean of DBH)3} ¥4 (Mean of tree
height), “§%4~3.(Mean of upper tree height), Y
o4 (Stand basal area), Y414 (Stand volume),
I=(Stand density)Z ©]-&3F31. 2™ (Table 2), =1 7)<
£ Table 33} 7t} o] o, 2t FFA 2] &9 30% L
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Table 2. The used variables for estimating models.

Variable Symbol Unit
Mean dbh D cm
Mean of tree height H m
Mean of upper tree height HT m
Form height HF -
Stand density N trees’ha
Mean individual tree volume v m’
Stand basal area G m’/ha
Stand volume 14 m’/ha

Table 3. Descriptive statistics of used variables in the sample
plots.

Item N Mean S.D.
DBH (cm) 1886 17.8 5.6
Height (m) 1886 10.8 2.7
Upper height (m) 1886 12.7 33
Stand basal area (m*/ha) 1886 413 14.1
Stand volume (m*/ha) 1886 247.9 129.9

Stand density (trees’ha) 1886 1700.8 1880.6
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BARE 717t ol o] 25 ol g-sted MY g
ArE FAsk A 18] FAHFyE ek §39
Fo| Fo7 AESgen, HTe 455, N el
otk ) B FL AR (D) B AF LA (Dg),
ARLA=EW)e] A= 2] 22 Fdo| HH, 24 3& A%
B AL (H)S AL HT), DEBEWN)S #AIE V]
3laL, 2} 4 Wt A ()t 3SFALHT), YEEEN)
o HAE U™, a~ce 7k 419 4 Aol of

219 8% AV 44 o192l 2] ol Ol*‘x}»i 2
813l 71248k v (Nagahama, 2003).
HF:a+bHT+cWHT M
100
D=a+bpg+cNHT @)
100
H=a+bur+INHT 3)
100
log(v) = a+blog(HT)+ clog(N) (@]

where, HF =Form factor, HT =Upper tree height, N=
Number of trees, D=Mean of DBH, Dg=Quadratic mean
diameter, H=Mean of tree height, v=Tree volume, and

a~c = Parameters

=
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where, v="Tree volume, V= Stand volume, and 4 and

B = Parameters

7)ol A 49} B= 7AlFrelH, A 63 T2 A BFEAE
AE FIFER AR, o] 3 2] 83 99 FEH S
2 &85l g~d AFE FASALE o] W, Ve dE
A4, vie G FIAGIH, HTE $AE 32 4
BEES

A=aHT" ®)

B=cHT )

FAH g-a2) AFE AW EZANA F5E A3
ohd FIE AL FYT Aol B2, AA| BEA
2R 98 A% 3R 1] o} Hrh(Nagahama,
2003). Wet] 348 Zol7] 915 FRE a-de] AE
27] g sol A% sk,

2) 73AYu] 9} A 73 A8 S

73 A1) 4=(Relative Competition index; RC)E " <]
n) 22 AUl AL v E = e Ao 2 Z(Shim
et al., 1985), HtiE el 2UoX 7P Fa gk Fitolet &
T AUtk WA APt TR A 1/v=AN+Be| AA7t
o, o] A& A (v) Aoz Hest v=1/(4AN+B)
7} @t} No) o] E o, 3G AT FAEALHE 2]
she, 73R o] ARAE A, = HAHE A 7 e
AL v=1/B2 xdo| 7Fasith T3 el FHu)
2 A s S 12 BS u), dA) JEAA)
ol AT e vEEN 2 B A= rlste
ARV F(ROE T2 4 A THAndo, 1968; Shim et al,,
1985; Nagahama, 2003).

Rc=‘—}if-f=chB (10)

B

71 A v = ol 5 AT (Re) el A 2] A
A& AR vy gt 2 10& A 2P H4AY S5
(Re) = (57873747802l AA)/(F7377% e o] Al A )olekar
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1968). Reineke(1933)= HWHFF 1447 JdEE =]
A el 7 AR AR BT, ol gk o] T

R
WA o gel AAE FAsiths 7MY shol 4 129}
e #7902 e,

W =KN*’ (12)
A71NA A ag] A%, 1.59] 77k ghe eRiE, 3

A= o]2 1.5=322 A /FssluZ 325 HE 3o
A zApdoletaL st om, @Al HojdEFAelet

Hrsiar ek 4] 13904 JFe FA Ao A A 2 %
o] o] At ® &eHd W dFmZE it
FEANA vE HT F Jom, ol wet 2] 133 142
o] 7V53F3
v=KN* (13)
V=vyxN=kKND (14)

o] 2o AN /d-g st 578 AL of
o] AU EFAL JEIUE} F13 L& A &
AR FAsH, HF 34 7245 Aelahd 24 15, 163 2+
o} oolu, 2 158} 162 AARF(Re)NA A AH S+
RNE Hdste] AL =4 4248 Jepi it

KyNp, (1)
(%)
where, K =<b%1)’ K,= ((lf—fgc)g) b

Ny = KHT (16)

where. Ky = (d-b), K, = 1RI<

Aol Hud=Falol] ZHsHA =W Asfiu
g 7F s ] A¢RRE JdefEn g9 vhe Y

oA #a] == Ao] ulEA 3l (Ando, 1968). ©]18t A
= JdEUEY FEE T3] A8l
A3k FHATILFANA Ao gk v &
H| = (Relative Yield index: Ry), & HthE =l thak Ao)
g ARSIt A 17).

e (17
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_ _ K +1
Ry — VRyNRy _KZNRy

o logVy, = logK,+(K,+1)logNp,, (19)

-4 -0
where, K| +1 “5 1 vt
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Table 4. The used equations for fitting test.

Test statistics Equation

= éZ(yTyl)z

Chi-square(y?)

I

N2
Standard deviation >0-»)
C(V-1)
1
The minimum value of a permissible (Z(ﬁ —y)zj2
error S
(X(o,os))

1
~ 2\5
The minimum value of the rate ofa {2,/ =1) 2_ 100
permissible error 2

(X(o.os))

=

Coefficient of variation

Note) y = Estimated value, y = Measured value, N = No. of plots,
E = Rate of permissible error

1963). L ¥ Ando(1968):= EA| AFALARA 2] 7l d o
g AR S AAsi o, 2 2337 22 AA7} AU

B oleld AATALE JRAH T YRR 2
S ol
AR

ut

1 1 v

N N (23)

N N, KA}KIH)

5770
d K\Rf( Rf a\f1p\fit!

. 1= - (A9
h b\b- > ¢ \l—-Rfc

3) A= A%

A=A AN FHEE AN B
Aol tal] 3= AAL Ax AT A s HAA )
18] ? B4 ANBAL, FAHE LA S BAF
A7) tsl FEHAL, 88 eate] A, H 8t
o] HAX, MEIAE AEste] By HIE 7AA S}
S TH(Table 4).

(o]

ATZT} Y TE

1. 24 X2e HE % EF

1,88671 429 FFA] AR E E-8-35to] 5] ARt
Al 7Agks A7) 3l 2] 148 E88te] P2 AL
ol on, o) dts 717}

Wgel o) #HF EAd 88 A5 E FESIUT ©]
A g e AA 1,88670422] XFA] F 2597047} 717
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Table 5. The estimation of interaction equations for rejecting

data.
Parameters R
Equations R
a b c

(I:HF 0912 0310 0070 0.879
Bf}f":? @):D 2128 0806 -0215 0910
e G)H 0841 0791 -0.023  0.898

(4):logyv 2547 2418  -0300  0.854

(I:HF 0673 0306 0136 0913
A,f‘ert. @):D 2057 0814 0204 0935
Lo E Gy H 0780 0798  -0.006  0.928

()logv  -0211 1718 -0789 0918
AR ZFE HE B FEF HEA= 1,624

el ol ARE 7125 F
_%_

& A4 3ke] Table 59F 72

=
o7 FAH O] FHATILFAAE 7
(24)° = 4(0.090), b(-1.289), ¢(14836.698),
d(-3.686) .= LFEPITE A& A ] v 4
A% a(0.072), b(-1.229), ¢(14292.300), d(-3.415)3} 53]
(FEa)At v FAHAT a0.088), b(-1.297),
¢(13053.000), d(-3.606) & L&A @A AH&-3taL U=
FRATE v & o, AlTe AAH AN F8E
Ao 2 A th(Forestry and Forest Products Research
Institute, 2012).
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B Ae] AUFE 502 mYhad S A9t S o, 4
A ET haT AA7Fs g A2 2] gl e] o, Sl
(LAY AF9] 548 mi/ha BUh= Tha W 22
2 YeElstH(Forestry and Forest Products Research
Institute, 2012).
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Figure 1. Estimated pattern of equivalent height curve.
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2003). &, & AR 9] Rf= EFA] 2889
9] 0.061657°] A=A oM, FEH]F= AL L] )
2o 3t A LS 2|32 E (Ando, 1968; Shim et
al., 1985; Nagahama, 2003), Hh 2 =45 /3= +
T2 K+, logk,, K, logK,oll gk B4E FiH] o]
w2} &3 A 3= Table 63 74Th

A QRN AFEH T e 4] X2 AUy &
Az HdE3ast B A7 A3} vas]E
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Table 6. The calculated result of K,~K, parameters by relative
yield index.

Ry K +1 log K, K, log K,
1.0

(full density curve) -0.538 4.459 -2.397 6.399
0.95 -0.538 4.293 -2.397 6.131

0.90 -0.538 4.173 -2.397 5.952
0.85 -0.538 4.073 -2.397 5.813
0.80 -0.538 3.984 -2.397 5.696
0.75 -0.538 3.901 -2.397 5.593
0.70 -0.538 3.820 -2.397 5.499
0.65 -0.538 3.741 -2.397 5411

0.60 -0.538 3.661 -2.397 5.327
0.55 -0.538 3.579 -2.397 5.245

0.50 -0.538 3.494 -2.397 5.163

0.45 -0.538 3.404 -2.397 5.081

0.40 -0.538 3.307 -2.397 4.996
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Table 7. Comparison of maximum stem number between g, o) &2 F 829 mYha® SVl =, &
Japan and Korea A0l FRISE QRAEE 44T B, dRAE
Upper fapan & Z7)ehe Aoz etk T8 5U F147Y
height (trees/ha) (nggtnsif; Kyushu  Tohoku  Kantou o, g7 ST whet AR =k A o] Ftst
(m) (trees/ha) (trees/ha) (trees/ha) Ol H o] Z=APALTLO. Zolslx)u olH )
(trees/ha) o] YEo| FAYFE Z7FSHATH(Figure 2), Y& W
6 34217 28462 33,693 27491 31,572 E7F ARl o)t S o] EEste] FH|7F et
8 17,170 14,650 17,284 14,656 17,069 OB 47} Zy}ala o BRE Y JERO M), s =
10 10,057 8752 10,298 8998 10,594 _ .
. : g ; g Aol Fafd & Qe B2 (Oda, 1992), ZAA YA
12 6,496 5745 6,746 6,040 7,174 };]LHOL: e ; o ( ). A
14 4490 4025 4717 4311 5160 of =% el 7t 2 st
16 3260 2957 3460 3220 3,879
18 2458 2253 2,633 2489 3,015 5. B8 X3T AN
N e M e S SR e A
, 5 B P > Fak= A== AR S [ F AL AlAlEl ©
24 1233 1160 1351 1327 1630 gelnt. Aoeg dAs] As) A w43 dAsile
26 1,018 964 1,022 L1114 1374 , TR} ASXTE 2aHgo] 3828 ol A=A
28 852 812 944 947 1,173 AR JRAEA A FFE YR AH
30 722 693 805 815 1,012 el fFolghE 5% oA AdE A4S 3 4 518
Note) Forestry and Forest Products Research Institute, 2012 QA (E)S AU 20% 3ol QAR X2<o.05) RER= IS
2 o] et 23o] Ajtst o= Al th(Table 8).
wom A& 3 20 mFlAE 1,909% /ha® Foret 7+ FAE = dEAAT FaAA sl £FHAL 58
EAYRbE A3 EeFef dEsf(EEl) AMAS B QLAFe] HAA], FE A0 HAA, HEATE A&t
te w2 F522 Yepkth AAAQ A= Sth(Table 9). YA1# 9] WAk 29.56 m o2 LE}
8 A dE AR 7P AR A2 e wow, WHEFAAL 1.08 cmZ YERSTE S
ST} Aol 518 0akE2] HAA= 16.11%2 YERY -2
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Figure 2. Estimated result of the equivalent diameter curve.



Table 9. The residual statistics of estimated stand volume and
Mean DBH.

ltem Volume Mean
per ha DBH
Standard deviation 3459m’ 1.08cm
The minimum value of a permissible error  16.11m*  1.04 cm
The .mi.nimum value of the ratio of a 1659%  6.73%
permissible error
Coefficient of variation 22.11% 6.67%
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Figure 3. Stand density management diagram of Pinus
densiflora in Korea.
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