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Classification of Regional Types for Pinus densiflora stands
Using Height-DBH Growth in Korea
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Abstract: The object of this study was to classify the local types in relation to regional differences using
Height-DBH growth of Pinus densiflora in Korea. The regional types were clustered according to Getis-Ord’s
Gi among Local indicators of spatial association (LISA) by characteristics of spatial distribution which were
calculated the residual of sample plots by fitting Height-DBH growth model using Weibull growth equation.
Accordingly, Pinus densiflora were classified 3 groups, It indicated that annual precipitation had one of the
biggest impacts among the considered site and climate factors. This results can become the standard for regional

management of Pinus densiflora forests.
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Table 1. Description of variables used for Height-DBH growth
model of Pinus densiflora.

Variables Mean Max. Min No. of plots
DBH(cm) 16.9 59.9 6.0

Height(m) 10.0 24.6 2.6 1,975
Age 35.9 126.0 16.0

2174 A7 2 98 B F 337
H=1.2+a(1—exp(-b-D%)) (H
where, H = Height

D = Diameter at breast height

a~c = Parameters

=
1719 % shel 323t 4] (Hot spot analysis)
A-FALA7 AEAC e
Ak F8E A A
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2 857 = W McMillen, 2001; Cladera et al.,

2009; Heo and Lee, 2009; Kim, 2011)2.2 X 17-oj|A]
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3 (Local indicators of spatial association; LISA) =
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Where, x; = Residual of each plots,
s = Standard deviation,
w;= Factor value of spatial weights matrix,

n = Number of areal unit
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HZH(MAD; Mean Absolute Deviation)S ©]-&3}e] Z+ %] Table 2. Estimates of parameters and statistical test of Height-
oY mae] 34 AREE Wrke sa-Fuag 4y Dol erowthimedd
HEl-& vaLstitt N Parameters RMSE Bias MAD  FI
ol me Ame] AP U] YAk | o] 2 b
2 gepd 4 9o, Al el Fajol glolA] Hha A 1,975 23.948 0.050 0.802 1.719 0.039 1.326 0.691
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¢ " Distributed zone < : Gi p—value
c2 @ Coldspot ® p<O0.01
[ W P i 3
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- -,
: @ Hotspot : © p>0.05

Figure 1. Spatial distribution of Grouped zones and p-value by G; Statistic.
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Table 3. Re-estimated parameters and statistical test of Height-
DBH growth model by distributed groups for Pinus densiflora.

1=334

t=0.27

T

4 t=0.32
t=0.70

Parameters
Groups RMSE Bias MAD FI
a b c
H1 31.510 0.055 0.684 2.005 0.049 1.571 0.922
H2 26.526 0.053 0.750 1.473 0200 1.165 0.938
Cl 22.056 0.063 0.711 1310 -0.005 1.066 0.922
Cc2 16.561 0.044 0960 1.300 -0.022 1.099 0.938
350 WH1OH2 *
30.0 t=291
. 250 t:3,52
£ x
5 200 1 t=2.13
B8 150 | 12226
100 h
t=151
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140 t=2.12
120 t=1.05
E 100
% a0 t=0.79
E 60
40 t=0.38
20 A
I o m v v

Age class

@)

S

Vi

Height(m)

o

10 15 20 25 30 35 40 45

DBH(cm)

Figure 2. Comparison of Height-DBH growth pattern by
each groups.
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Figure 3. The comparison of DBH and Height growth between H1 group and H2 group by age class(A). The comparison of DBH
and Height growth between C1 group and C2 group by age class(B). Vertical bars show standard error of mean. Each asterisk

shows significant differences between treatments (p<0.05).
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I50) Aol $7 A2 YERETHp<0.05). HI Z%

o] A% 497 olv] FIHAF 20 e £ 3

= Aol ¥E] H2 152 59l Eeshe 222 Y
L A1712Q1 Zpol 7F EA ST wheba] SEAgt 2o
Fahe T 37 - HIS H2 259 4$ 534
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SR O W 2R/ e 37 230 1 2
3 C2 2ol et t-test ¥4 A (Figure 3), I
FAR T FaLe] Ao Apol= SASHA] B AoE
ERH(p>0.05), 3hte] A9 o= ER/sk= 2ol edd
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7
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7Fed Aoz e
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SEvet FRA sdshes AU, A7 E, SHE
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& T 0] AR ATF R Hslshe 7ol
YERdTH(Lee et al,, 2006). W57k 1X]$F AFH
T FRAG T FRA ] ARl 7F EA Fek(Park et
al,, 2010). & A9 A= ZAX I 37], TH
A el vla)] gk Aol e = AL ER1E 5 3l
Atk S eyt WEke] HET] U2 A

A1 A2 akzt

Eddje] Agte|7F IRl o, HiA|
YAk oM FHA G2 AgRtol 7 S AT

AAH o2 T3l & o, skgte] A9 ZFhA 92l H1

I 73, AEA S § FEAES H2 25 7 7R E

, S Cl1a C27) shte age

o] SEue}t At AAFLZ F 37HA] A

PO EFT T IS o= wrkdr.

3. ALIF X|9XQl S0 ChEh d'elxt 24

7} 2] RSkl G mR IAE AR 9l
AoEA A3, Z-scored] 7HPE E FEE vIA = A=
A7 (=0.621, p<0.01)] 22 LFeERsiThTable 4). ¥
A, FA ] Ag o] fle AR Yo

¢

(p>0.05), 2FA T} B 72 1% FoF<sollA] st
o dto] Yebstth g YARIAE BFEE dEa
o} AFHZAARE Z-scoreol] thal] oFst o] AdAaAA7E =
AlsHs 222 YERATHp<0.01).

AuHe] Fa-FaA AREF ] 7F 54| 2hApe
el A7drake] Jako] A Yehd Aibs ARl &
7F el = A7) e =2 A7) vl

X o] 711 FiFo] EAYEHH(Lee et al.,
2005; Park et al., 2010), o}5= £ AAl o3l FF
S B B Ao AaolA 1%2] FolfolA A
A EABE A oE YeRd Q7 ), &
PR, LI, APAAALE Z-scoredl] THEl] A= AAE
B3H49] JFS nAE Ao ddE

4 =

B AN E 2R F-FuAA Ao BAS
ol g-akf A4l Aolol] me Selukeh 2pre] Ao
Yo TRk 3= 1}

t}. Weibull 4723 o] &st] =4

o
BPRAS /|F0E 2 HEAY A4S

N

3 (Local indicators of spatial association; LISA) &
Getis-Ord®] GZ °]&3t =S EFHU

=RE a5

Table 4. The result of correlation analysis between climate factors, location factors, and Z-score.

. . Warmth Coldness Annual Mean
Variable Z-score Elevation Slope index index precipitation  temperature
Z-score 1 0.269™ 0.097" -0.152™ -0.040 0.647" -0.111"
Elevation 0.269” 1 0.254™ -0.719™ -0.597" 0.019 -0.694™
Slope 0.097" 0.254™ 1 -0.216™ -0.173™ -0.075™ -0.206™
Warmth index -0.152™ -0.719" -0.216™ 1 0.861" 0.014 0.978"
Coldness index -0.040 -0.597" -0.173™ 0.861° 1 0.104™ 0.948"
Annual precipitation 0.647" 0.019 -0.075™ 0.014 0.104™ 1 0.052"
Mean temperature -0.1117 -0.694™ -0.206™ 0.978" 0.948™ 0.052° 1

Note) “p<0.05, “p<0.01
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