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2 of: 41 vloleula 95o] rlof ARle] A4, olA)e] A Productivit) & I 4 Sl A P
wed o8 HFHOR Wk AL ARAGS SHBE of]e} oUSEA(CO,) FAE TR ARA Z153t A
29] H71E 9= uj$- FQ5tct AltjAIAFAl(Allometric equation)-2 A1E-2] At AAFHA|(Relative growth rate)E 5
3 7 59| ks FAske YRR, IARE dAA £ GA &EE= WHEth A2 Y7159 CO, EF7Iet
ofof whE 7] TSR Q1S SO At AAEIAZE v itk AFAIEC] EEEWAL, 71200 JEE ATt
A%Eol dfet AUE Aol AZ|E ek £ ATME IUUAAZANFD A2E E5) Feltet 72 47 &
FAUE(Pinus densiflora; PD), Ya4(Larix kaempferi; 1K), &2 U5 (Quercus variabilis BL.; QV), AIZZU(Quercus
mongolica; QWD)2] T-DBH AAARAS 24511, 01 7|2 4ot el wlwslol 5+ 1067 Aejgae]
o 4 9 AEE slelshin sholtt. $AAT BE £50A NFL A4t 57HIS, 2 DBHO| ot 71 gt
7k Ao& RIS dE 59, BF #4243 PD, LK, QV, QM| DBH 25 cmo| tfgh 4=119] 7|2 52} NFI
ZAZOA= 1248, 19.17, 1447, 13.19 mE, 73} NFI A2 A% 13.61(+9.1%), 21.58(+12.7%), 15.76(+8.9%), 13.93 m
(+5.6%) & FE o] £FHERE 5~13%FE S7FEE A0R Yepylth olgjgt At dAf feuet AR 8 +FE59
A= AL, 7] ZAARE Fo) TlolEl 2 #-DBH LAY v RS u, A AR SIALE 6 P
SkA shal Qo AL Qujghth

Abstract: Forest biomass is used as a representative indicator of forest size, maturity, and productivity. Therefore,
quantitative evaluation is important for management and harvest as well as the evaluation of ecosystem functions and
services including CO, absorption. The allometric equation is a widely used method for estimating the value of each
component through the relative growth rate of plants. Recently, studies indicated that the relative growth of trees is
changing because of the increased CO, concentration in the atmosphere and the resulting climate change, raising the
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need to review the previously developed relative growth models and coefficients. In this study, the height-diameter
at breast height (DBH) relationships of four major tree species in Korea [(Pinus densiflora (PD), Larix kaempferi
(LK), Quercus variabilis (QV), and Quercus mongolica (QM)] were analyzed using the 5th-7th National Forest
Inventory (NFI) data. Furthermore, these results were compared with the present yield table from the National Institute
for Forest Science. This analysis revealed that the expected height for the same DBH increased as the NFI progressed.
For example, in model analysis, the expected heights for PD, LK, QV, and QM for DBH of 25 cm were 12.48, 19.17,
14.47, and 13.19 m, respectively, in the 5th NFI data. In the 7th NFI data, these values were estimated as 13.61
(+9.1%), 21.58 (+12.7%), 15.76 (+8.9%), and 13.93 m (+5.6%), respectively. These results indicate that the major
tree species in South Korean forests currently are more vigorous in height growth than in diameter growth when
compared to the height-DBH development trends by tree species identified through past survey data.

Key words: allometric equation, national forest inventory, yield table, site index, forest growth
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Z| 9] AAAG(Productivity)S o2&
gk webA] o2 Yo Prieh
S2HR} off e} o] ALEIERA(COy) B4
7153} A8]2(Ecosystem service)?| H71S 3|4 x= ol
£ 59 35}ck(Keeling and Phillips, 2007; Kim et al., 2021;
Son et al., 2015). Hfo] @ uj A} 2 A o7 HHE E|AY
Ab 2A7FA S92 W AT ofy g, gl 2| o] H(Kim
et al., 2021; Pang et al., 2017), EAMF+-= ®X|(Kim et al.,
2017), AETIFA H7HPandey et al., 2020)0] H}o| Qufj A
7h deAER 28 b ik =3h 719597 e ¢
3 FAAE el ghel 2AsLA olMlEY BT
(National Inventory Report; NIR) 241} =7} 2417} 7
=5 % (Nationally Determined Contribution; NDC), 2050
graF ol et Al Y} o3 Brhe] AEE ol
7] QIeiA] 4t Blol iAo 4, 7L, oS ks
Azt A57F kA 3L Qth(Hong et al., 2022;
Kim et al., 2018; Kim et al., 2019; Lee et al., 2015).
Ao R 2FA] (Allometric equation)2 A1E-9] AFcf Ay A
Z(Relative growth rate) Eaf 7 Hio] g8 s
Wrlos, BARE AA7A] FEA EEE= PHE0
Ch(Baskerville et al., 1965; Kim et al., 1995; Henry et al.
2011; Vorster et al., 2020). SjEZ S 2 =119} F11274
(Diameter at breast height; DBH)o|| gt At % A=L7}
wol o]stoj i), ol DBHo| Hls) AtjHoz Bis
T od Agte] Wag S1e] 24 YAlsit $45
A -8 x)o gt Huang et al., 1992; Lumbres et al., 2011;
Sharma and Parton, 2007). T3, =9 d&8F =4S
8l e gAY A, dRtdor S3o] §
0]3l F112] 7 (Diameter at breast height; DBH)o|L} 4=11
o YEARR FEtal jlon, MAARcE 2iE
(Vargas-Larreta et al., 2017), $toj (Xing et al., 2019),

AV dho] @l 2t Qo] F719h Y 4, 9
2~
T

A (Basuki et al., 2009; Cole and Ewel, 2006) < t}oF
3 Ao $EES trem S A olshh
L gyt = H<&(Park and Kim, 2018), 4&~1-Y~(Son et al.,
2011), 25 (Son et al., 2011), W} (Kang et al.,
2016), AU5F(Gwon et al., 2014), A’ZZUX(Kwon and
Lee, 2006) & THeh ol Tt Aeiyd2lo]l A= 3l
oh 3, =AM sholA = e 2271 o] tigh
A4S TNEsto] FA A o' WSl O H(Son et
al,, 2014), o= S-2ue} 4HH 9] o5 FZ(Kim et al,
2014), BFATHKim et al., 2019; Lee et al., 2015), A EfA A
H|2A(Kim et al., 2021) A3} 123} Sof &-gxjo] 2}

2 7159 CO, F=F71ef olo] g 7| SRsk2
Qs =0 A EA L v AL vk AFE =
o] =EE|HA], 7]Eo| JUE AHEFA T Aol o
st QHE "o Ao] A71E 3L thChen et al., 2020; Kim
et al., 2020; Temesgen et al., 2014; Xu et al., 2022). HE22
harom AlREL 919d Sus oA o, A
Ao whet A/gHel A sHEe] vlEo] EEtA]= Tl
H31E v} Qo m(Chung et al., 2012; Song et al., 2019),
Auehet S=ol e A F2o] tz] 4bgof A 4ar
-DBH At A7o] #iskrh 2l x| ¢lal, o] 2jgt H3l= 7]
SFrAskel W Awdo] e Ae® EAE It (Chen
et al.,, 2020; Xu et al., 2022). Wang et al.(2006)2 Z=r

557 A9 AdolA AE F9= % 2EH AV

Z7Vet, S Aol Al diAl M3 4go] mer &
2| 2] = @ARS BHE o, Xu et al(2022)2 22 7<)

AL (Larix) 5E52] SI-DBH AHA4-E 24

3 A3}, 7|3l AgE) et AiEes 43

o wr} ghura|a Ao Maroch
S-2ueke] 49 2009WRE A A %

FHES Foll 8 aFo] AHY AR Agst

S m(Korea Forest Service, 2009), 0] 4= 2H4}, vjo] 2

W g Hek WAY R /b 5 2 AgEel 8
=5 Hgsle] X&RA 02 A o] £tk (Korea Forest
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Service and National Institute of Forest Science, 2021). 1
A 2009d0] LE5E 17 =53} 2012d 0] 7= 5
= 37 £Fo APYRAA R AA7LA] YA E R ok
27] 3 Itz FAEA o] AHHETF Bag Aol
2 AFolA= 2006 A(ASEHFE 2020 (A TAD7HA]
NFI 2 EZHA =AM ARE 245k eyt
28 4] FEEUE, %?3& R, ARl £
319} DBH A4S sfelalL, e g 4
%9 4:31-DBH *H‘JWXHM]—E et 9, o2 AE &
ShE Ame} wlaste] Ay 1567k Al Are) Wk f
2 S serstugt ssick

HARME U Y

1. 9=

H o= 5.72H2006-2020E) NFI AF2 2] = AF 2}
& F, MAIEe AAH s A S5k 5E A
2 Z8oto] Y EAh NFIs Z2F 14 2 AR
ol&Z = DBH7} 6 cm o]Ael BE J4|&2 DBHE
Sao), 1§ BEROR HYE YBEe] SuE 4
73HKim et al,, 2011). f-2fet =8 P2t &
G FolM A Eio| W, wmA BE WYL We
A2YUYN(Pinus  densiflora; PD), GH<$(Larix kaempferi,
LK), 2345 (Quercus variabilis; QV), A2 U5(Quercus
mongolica; QM), °o|FA| ¥ =55 4 didez A4
shalom, NFI a1 AR 5 AFAZ|(AHs, AR, B3
sff A ), AYAEHE, «7H7] A 5) wEte] W
H A AEEL2 FAo 2361A] §SktHTable 1). &

¢

_Il}l' i

al- 27 A et 24 73

ok 2 At w5 AU A ol "Rt MekE
L=

ufofsh = o g, wgk 75 AL o=
UE EAS %%%‘, aEl ol O A 2 st
A ook 216,204(PD: 106,105, LK: 13,308,

=
1649 AT EHARE Be
_J A A3 ZH( Allometric growth)2 &

-7
Ao, 7 NFI 208 A2E uz 2451 A]7)d

o

(Growth pattern)2 7|&0 &+
Hlwstz] fls, A aFd dE52E(Korea Forest
Service and National Institute of Forest Science, 2021) A&
£ gLt B AFoIAL 5T NFI ARE o) 2
MY 558 SI-FuHA0] B A0S YRS stE
A AlFsts AAHe) 292 Site indeoll THE YHE
Ak vl BAjslel, Seutel AlgAte] B4 weke vt

ofsta olo] gt A AAHS EEFIA St

equation)S AE-5FICHTable 2). 7t Al

Y AGLEoA et o7 Tgrjoje 2o ]‘I](Lumbres
et al., 2011; Arcangeli et al., 2013), ZEHQl ~II(H)E
Agsr] 9et EHHsR F184(DBH) 147HS 29

23Hs Ul B4 G ol Atk 59 573 NA
ARE APAHAES B3 LAY 5, WX B

=
J(Independence of errors), A+A(Normality), 5543

Table 1. Statistical summary of measured trees at the permanent plots of the 5-7th national forest inventory in South Korea.

DBH (cm) Height (m)

NFI Species  No. of Trees - -
Mean Min. Max. SD Mean Min. Max. SD
PD 37,710 20.49 6 92 9.49 11.01 2.2 36.5 3.63
- LK 4,650 22.41 6 69 9.03 17.03 3 36.3 5.21
Qv 13,293 18.12 6 90 7.73 11.92 2.3 28.1 3.52
oM 19,481 17.15 6 105 8.29 10.86 3.1 30.5 3.13
PD 34,496 22.82 6 84 9.31 12.31 1.8 322 3.57
oth LK 4,466 24.57 6 70 8.89 19.50 4.1 36.8 5.27
Qv 13,610 20.36 6 87 7.72 13.38 24 30.6 3.50
QM 18,043 19.00 6 94 8.18 11.83 2.3 26 3.04
PD 33,899 24.70 6 89 9.63 13.25 2.2 33.6 3.77
LK 4,192 26.16 6 72 9.16 21.07 3.6 39.2 541
7t Qv 14,162 22.03 6 92 8.10 14.22 32 29.3 3.72
oM 18,202 20.26 6 96 8.35 12.24 2.4 25.7 3.05
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Table 2. List of equations examined in this study.

A28 A1E (2023)

Equation No. Form References

1 H=12+a(1—e "PBH) Richards 1959; Chapman 1961
2 H=12+a(1—¢ "PP) Yang et al. 1978
3 H=13+ e(“ﬁ) Yuancai and Parresol, 2001
4 H=12+q-e!"0PBH) Stage 1963; Zeide 1989

— a(DBH~ DBHy) <
5 H= 1.2%(8—1.?)-% ’ Schnute 1981

1 —e a 00 0

b
6 = 1.2+ g DBATC Ratkowsky 1990
7 H=12+ 2 Ratkowsky and Reedy 1986; Huang et al. 1992

(1+b Y-DBH )

(Homoscedasticity) S HESITE 0o]3 AAA 4R, H
o A2 22HRoot Mean Square Error, RMSE), 2}
ZKresidual Mean Difference, MD), At} 3 %2 Absolute
MD, AMD), Akaike Information Criterion (AIC) 72 A&
stof Z} A Y] SAA R AdAEe BRIl o]
£ 7IRte 2 3R 7Y ARt A s s
Ack 2 A= AR Y AR HSol 28] HHA
S1A o] tiol, BRRAT 5L 9T Ans R
s

LS |
TEste] 58] Ftew, 2 A A O diet =F
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Figure 1. Height-diameter relations of individual trees by tree species based on 5-7th national forest inventory. The upper-
and right-side of each scatter plot showed the representation of the distribution of a DBH and height values.
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PD, LK, QV, QM| W3 DBHE 52} NFI z}E0]|A] 20.5,
224, 18.1, 172 em& EAEQ11, 63} NFI pRo| A= 7}
Z¥ 11.4, 9.7, 12.4, 10.8%7} =73t 22.8, 24.6, 20.4, 19.0
cmZE F01E| 9t} 73 NFI A 2E A Ay} 72 £Z9]
W3 DBH= 24.7, 26.2, 22.0, 20.3 cm7HA] 2748t Ao
ek, ol 4% 5% W+t DBHo| vl 22t 20.6,
168, 216, 18.1% 7171 grolth. ojajgt Aup Selife}
F8 4% Wi DBHE o413 37H513 glou), 99
o] F7tet AR A Y oz T ARt
45t Qok= AL & Hoj&tk(Korea Forest Service
and National Institute of Forest Science, 2021; Kim et al.,
2012; Seo et al., 2001). == HE v|ws] 2, 529} 72}
NFI 7|7ko]l X7 e] Adgre 2Uwt 718 24 =
Sl oL (+H42 em), Wl V|EeRE BT 44
ABAH(+21.6%)0] 7H SdgE A o= yEyTh PD, LK,
QV, QM) H# $=11 52}l A 72} NFI 717t &, zhzt
11.0, 17.0, 11.9, 10.9 moJ|A] 13.2(+20.4%), 21.1(+23.7%),
14.2(+19.3%), 12.2 m(+12.7%) 2 Z7}3} ) ol= 1A
15(2006-2020) 7|7F 52 AAtA o2 LKQ] 4231 AY
Zro] T, QMo| A xF = AL HojZcHTable 1,
Figure 1). 9]9] BEXAY8-S 3l =4 DBH} 411 A&
A%E AESRY, P 447 17t $AE v
=271, LK A AR o _,jxgxlro] SHFsHA| o]
oAtk WA QU QM ArhHom
o] FEelA Ao s, 7 4%
ThE A0 ekt 4R 60 A% B4 2K
©. A o] j(Korea Forest Service and National Institute
of Forest Science, 2021), A|&& 0] AL} AL E35) o]
23t S4o] A|7be] B0} 7jHE Sof aslo] wet
Hst=Aof thet oS el Zlo] Bad Aow &

fl

A83lo] ZF AF| AR O] A2=E 5-7%)
= Table 3~5¢} At} = 7&]]_r
= W =2 20 < 0001)011/\1 ool dEE%

1F o] AFTE(R)E 0.42~0.62 $2 02 FelE|o] 474
ATET} upR7bA] 2 DBHEE 42319] Whehe. .o AbyhA]
o] 9l Ao g JEFGTH Lumbres et al.,, 2011; Kim et al.,
2012). Z- 2ge] R® ghe #elst 23 PDE I3 2g
7ol 3re] Zpol 7k ERIE ey, UmA] ¢F52 1y 1t
of Zpol7k A9 gle A= Uittt 239 AFEE
H715h= AR, RMSE, MD, AMD, AIC)E2 532
o= HEgH 24 PD, LK, QV, QMe]| thgt 2|2 Ay

2174 Al st 24 75

421,678 SHRGOR BRI, Bl et
HNEE Bt Ao st

w

4T-DBH ATHME 5} 2
—vz- os_ oA Al S5 A YA 5 57
el

I} 5745, 59 DBl djat /s
Aoz stolgQlt)y o= 5, 1 B
QV, QM| DBH 25 cmo] gt 4:11.9] 7]915}3 52} NFI
ALz ol A 12.48, 19.17, 14.47, 13.19 m=, 7X} NFI R}&ofA]
13.61(+9.1%), 21.58(+12.7%), 15.76(+8.9%), 13.93 m(+5.6%)
2 FgEe] £EUR S-3%YE S/ A0 ekt
o} ol2gt ATk Sotw Amel HEPE o) e By
s}7 SHIEIT. 57 NFI A2S S 248 PD| 411
DBH W 53hwo] A9x4 120] ajgals 41
DEH Wfsts} AS) A1, A N A8 59 34
A TAL NI 140] T A Uekyeh
g e R QVe 1]747\]-1— 1404 1622, QM
12014 140f 77k oz SlEQlek LKe] i1
DBH WS 2 ol AR B AT 4
shito] BEE FAEA 1hol Kfol7k qlof ThE 4F
Zro] AFA ] v|uE & 4~= §IA9 DBH 20 cm 7|&2
= X YA 22004 242, DBH 25 cm 7|&2 2= X9
A4 20014 240f) 7P7H91H Ao BelE gk
A o] st =33 A H(Korea Forest Service and
National Institute of Forest Science, 2021)2} & &0 A
AR A9s vluste] Fd #i-DBH W 3o
W3} fHE A er FrisEglth 52 NFIE 54
ufebe #Fd et 129 DBH =L7|(Table 2)of 7H&
YEHEE pEaro|A 22 A}, PDE= A 9144
40¥(4=3L: 11.0 m, DBH: 20.4 ¢m), LK+= A ¢
% 35d(422L: 17.6 m, DBH: 22.8 c¢m), QV=
A YA 120 L= 40d(5=3L: 11.0 m, DBH: 17.5 cm),
QM2 X A4 129] Y 40¥(5=3L: 10.7 m, DBH: 16.6
em)© 2 3FolE Q). 72} NFI= 5% NFI o]< 104 9]
s)717] whize] PD, LK, QV, QM| 3 9114 93
AA 109 Hel Zuge el sE Ay, 77
11.5(+4.5%), 19.7(11.9%), 11.6(+5.5%), 11.3 m(+5.6%) A
S, DBH= 24.3(+19.1%), 28.1(+23.2%), 20.4(+16.6%),
19.8 em(+19.3%)2 A A=At o] FFES 5-72F NFI A}
F7 B X AN Table 2)2} v sl ¥H DBHO| Whe ¢
TR QH} F Ho|7F Yo, ;i B BHE
ofl A Uterghrol A gl gt FL'E‘r i o] AE

‘

2 o

J flo me
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S HYrh 2 Ails A8 A AR 43T 3% (Kim et al., 2014; Kim et al., 2016; Yue et al., 2017). =2+
o AN QI hglel WEghe B HRA ML E ARE Je A9iAo] UE dmuEe #4
HAZE e, dA fHuEr 8 +FE0 dE AR HHd, AR 7F E5s 22 A FolA i) A%
o, 37 ZARRE B9 slolEl APHel £FW 23 of kg o Uehdth, B o] RAAT:
-DBH I gk} 2pol7} Q& o &S HolF= 9] 2006-20204 7|7t Fot S e} =8 pFo] FiEsh=
S AT AR 27 ASAA A AR FF QRS AP Ao Sohucks Aow o
4 5% ol Hot WEdt dEs =&k o] Fast H 5 Utk ol YA NFI ZAARE F8f AH&Ed 459
b meEc G ARl $3HE Ape] TAE Aol T2 S

Egh £ dAte] A= ol Heh iAol Wkt WE Hoh F ol ol wrhe Ao dAgiel e
g2zt gate] Ak FhSbE WS QeEol ol 3 ofaiet iAol Sk Aol AEEH W whan
e AS Hojeth A7 = A 94 pe AR A4t A 70l 7189 ARES S8 BrskL S
gg HUHo Wi 4 At TG ARD LHT  Aud o B FEeT SAHT Aok AS ojulai,
uow, A W oA FastA &EEa ok AT 2E AASolAE HHA 4H- o i AT

Table 3. Parameter estimates for equations in Table 2 by species using Sth national forest inventory. All estimated parameters were
significantly different from zero (p < 0.005). The result of optimal equation for each tree species were bold type.

. Parameters Performance Criteria
Species Model No. a b c R2 RMSE MD AMD AlIC
1 22.600 0.016 0.637 0.426 2.754 -0.001 2.129 183,440
2 25.627 0.062 0.695 0.426 2.754 -0.001 2.129 183,436
3 2.834 -9.986 0.408 2.796 0.020 2.158 184,573
PD 4 120.677 4.71 0.213 0.426 2.754 -0.001 2.128 183,429
5 0.013 1.79 21.169 0.426 2.754 -0.001 2.129 183,436
6 24.813 -29.693 12.812 0.425 2.755 0.000 2.129 183,467
7 36.770 0.041 0.736 0.426 2.754 0.000 2.128 183,434
1 21.755 0.089 1.683 0.527 3.582 0.001 2.833 25,070
2 21.34 0.025 1.334 0.527 3.582 0.000 2.833 25,072
3 3.324 -11.288 0.525 3.589 0.001 2.839 25,085
LK 4 27.032 12.511 1.056 0.525 3.588 0.004 2.84 25,086
5 0.096 0.349 22.783 0.527 3.582 0.000 0.000 25,069
6 27.77 -11.1 -0.083 0.525 3.589 0.002 2.84 25,087
7 23.873 0.01 1.761 0.526 3.583 0.003 0.000 25,074
1 16.111 0.074 1.155 0.477 2.543 0.001 1.955 62,550
2 15.955 0.052 1.095 0.477 2.543 0.001 1.955 62,549
3 2.934 -9.189 0.474 2.55 0.007 1.961 62,618
Qv 4 22.045 6.288 0.775 0.476 2.547 0.001 1.957 62,585
5 0.076 0.784 17.24 0.477 2.543 0.001 1.955 62,549
6 20.423 -12.008 2.250 0.476 2.546 0.000 1.956 62,547
7 18.547 0.03 1.368 0.476 2.545 0.001 1.956 62,564
1 14.101 0.079 1.053 0.456 2.309 0.000 1.765 87,892
2 14.098 0.071 1.026 0.456 2.309 -0.001 1.765 87,893
3 2.785 -7.819 0.455 2.311 0.003 1.765 87,920
QM 4 17.781 5.989 0.843 0.456 2.309 0.001 1.765 87,898
5 0.079 0.927 15.297 0.456 2.309 -0.001 1.765 87,892
6 17.056 -9.363 1.416 0.456 2.309 0.000 1.765 87,892
7 15.844 0.039 1.359 0.456 2.308 0.000 1.764 87,886
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9 AgAeko]l WEkyl W 1% 9 thChen et al., 2020; Kim ZAx}, 2 AN|4=Z2] Loblolly pine (Pinus taeda L.)2] 7%

et al, 2021; Xu et al,, 2021). =5 7 3l F55 299 AT AR Hio|euj A FlEFo] tigto] H]E)
NFI AL 5 2000-20109 7|7kl 2ARE QAR 20% ol & Aom BAEow, A7 Aol v
(Larix) 5357} AR AA2E £4%F 23, 4=31-DBH g T3 Aol B glstA o] FolA A4l e] WEkrt
TAZE DefA| AL Qlrk= Ao] ghlEglaL, o]t ¥sh= Zasittes Aol &% AcKKim et al., 2021).

2, A, 5% 5 7159wkl "t Aol e et 2 AEA FFEoA 7|9 (Park et al.,
Ao &2 FHHKXu et al., 2021). 7t} Ontario A& & 2016), CO, 5 %=(Song et al., 2020), A4~ A]H](Chung et
HI2l(Boreal forest)2] 114 ZAF FEAo| tf3t 22 30 al, 2012) 52 E33 o7 xAsle] S HLU HE9] A
ZARE £ datoM e Fit7]2d A% 5ol 2 A A Bhe-S Hrh W BAeke dEo] Sk
we} Qle--3LDBH $Ao] W7l Aoju Aol TelE 7k el A% 27 W byt 450l AolshAg, $19)
ATHChen et al., 2020). E3F, vl eX7fEko|U F AFES 3HeRm 7|2, e, da 59 A
= &2~ E(Duke Forest)ol| A 19]& o= CO, 5=A f0] Algtas=m 28544 o= Aol A2] CO, AlH|
S 9 QBT IYA PO JR] JESS Hm BAT = gEe] ABY S0 FHHA FTFL wAs], A

Table 4. Parameter estimates for equations in Table 2 by species using 6th national forest inventory. All estimated parameters were
significantly different from zero (p < 0.005). The result of optimal equation for each tree species were bold type.

Species Parameters Performance Criteria
Model No. a b c R2 RMSE MD AMD AlIC
1 28.939 0.010 0.583 0.432 2.693 -0.001 2.108 166,256
2 35.330 0.054 0.634 0.432 2.693 -0.001 2.108 166,237
3 2.926 -10.687 0415 2.733 0.014 2.136 167,273
PD 4 264.080 5.244 0.164 0.432 2.692 -0.001 2.108 166,250
5 0.007 1.951 23.563 0.432 2.693 -0.001 2.108 166,247
6 27.910 -34.247 15.502 0.431 2.695 0.000 2.110 166,311
7 52.426 0.035 0.662 0.432 2.693 -0.001 2.108 166,247
1 25.287 0.082 1.805 0.611 3.288 0.001 2.583 23,313
2 24.721 0.019 1.382 0.611 3.288 -0.002 2.584 23,314
3 3.499 -13.340 0.610 3.295 -0.001 2.588 23,329
LK 4 31.637 15.861 1.086 0.610 3.294 0.003 2.587 23,329
5 0.088 0.302 26.261 0.611 3.288 -0.002 2.583 23,315
6 32.766 -12.750 -0.384 0.610 3.294 0.002 2.587 23,331
7 27.766 0.007 1.820 0.611 3.289 0.002 2.583 23,316
1 19.043 0.057 1.082 0.561 2.324 -0.001 1.821 61,580
2 18.997 0.047 1.046 0.561 2.324 -0.001 1.821 61,581
3 3.075 -10.748 0.559 2.330 0.007 1.826 61,655
Qv 4 27.990 6.300 0.690 0.561 2.323 0.000 1.821 61,572
5 0.058 0.895 20.183 0.561 2.324 -0.001 1.821 61,581
6 24.090 -14.992 3.179 0.561 2.323 0.000 1.820 61,571
7 22.471 0.027 1.285 0.561 2.323 -0.001 1.821 61,573
1 14.695 0.086 1.221 0.498 2.153 -0.001 1.680 78,888
2 14.618 0.056 1.113 0.498 2.153 -0.001 1.680 78,890
3 2.865 -8.560 0.498 2.154 0.000 1.679 78,895
QM 4 17.724 8.293 0.988 0.498 2.154 0.000 1.679 78,897
5 0.088 0.724 15.876 0.498 2.153 -0.001 1.680 78,890
6 17.741 -8.716 0.219 0.498 2.154 0.000 1.679 78,897
7 16.193 0.026 1.521 0.498 2.153 0.000 1.679 78,887
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of Aol Hl(TR)S] WskE fugchn muslgich o] Zlo®, AF fmeld §9dY, FUY 5O ololAi
B3k WS T2 5] AATNNE BirE vk 9 A%AQ) AW myEE 750 Wasithn B
ChH(Huang et al.,, 2007; Stitt and Krapp, 1999; Way and ). ESh thokst 7|AMA Rl A|gE QRolEE Eslxor B
Oren, 2010). $1o14] 9135 Ao} whole] A7 Aol A% Ajslofolyt CO, 51 7L Ao 9 b el
A e E4 dus FEste] & o, ti7] 5 COo, 5= ol m|R= Gkl tiet FFAQ AES =5 ¢ US

F719} ol 1% 7| FUSP} 74 N 4RE Bel wet ol

B F0 el AT Wale] JTL WAL AeR A Y Ut Ropoa 1 suke] vy ol
AtRETE QHAE 7| SRS A0 WEA R w2, T= AEA ARE T = 7]%/% 7ol - %REPEP-
S-2uhete] 2006~20204 713F AE+t t7] F CO, = olggt oA 7} 4=F9] 4=11-DBH i 72 4l 2]
+= 387.1 ppmoj| A 4204 ppm O 2 Z7}ch(http://www. Hpo| Quj A 9l ghAEk 2 Oﬂ 71 7)1 E2 0] o1} 2= skt

climate.goke)). Tt £ Aol A Bl 4% Ae] =, olo] that Mk HF Auge] AP G v
W Z7H0F SILDBH A WaHe Seubeb NEL 2 4= gl ik @ o2 Son et alQOI4)A] AT 45
o] QJ%zA} 719 DBH 6 em o]40l 94550 sigaks M ATHAEAIS B3l 94 Q1R PD Q%] DBH 25

Table 5. Parameter estimates for equations in Table 2 by species using 7th national forest inventory. All estimated parameters were
significantly different from zero (p < 0.005). The result of optimal equation for each tree species were bold type.

Species Parameters Performance Criteria
Model No. a b c R2 RMSE MD AMD AlIC
1 28.939 0.010 0.583 0.432 2.693 -0.001 2.108 167,597
2 35.330 0.054 0.634 0.432 2.693 -0.001 2.108 167,588
3 2.926 -10.687 0415 2.733 0.014 2.136 168,639
PD 4 264.080 5.244 0.164 0.432 2.692 -0.001 2.108 167,594
5 0.007 1.951 23.563 0.432 2.693 -0.001 2.108 167,592
6 27.910 -34.247 15.502 0.431 2.695 0.000 2.110 167,646
7 52.426 0.035 0.662 0.432 2.693 -0.001 2.108 167,593
1 25.287 0.082 1.805 0.611 3.288 0.001 2.583 22,021
2 24.721 0.019 1.382 0.611 3.288 -0.002 2.584 22,023
3 3.499 -13.340 0.610 3.295 -0.001 2.588 22,042
LK 4 31.637 15.861 1.086 0.610 3.294 0.003 2.587 22,043
5 0.088 0.302 26.261 0.611 3.288 -0.002 2.583 22,022
6 32.766 -12.750 -0.384 0.610 3.294 0.002 2.587 22,041
7 27.766 0.007 1.820 0.611 3.289 0.002 2.583 22,030
1 19.043 0.057 1.082 0.561 2.324 -0.001 1.821 65,500
2 18.997 0.047 1.046 0.561 2.324 -0.001 1.821 65,501
3 3.075 -10.748 0.559 2.330 0.007 1.826 65,604
Qv 4 27.990 6.300 0.690 0.561 2.323 0.000 1.821 65,506
5 0.058 0.895 20.183 0.561 2.324 -0.001 1.821 65,500
6 24.090 -14.992 3.179 0.561 2.323 0.000 1.820 65,499
7 22.471 0.027 1.285 0.561 2.323 -0.001 1.821 65,500
1 14.695 0.086 1.221 0.498 2.153 -0.001 1.680 79,937
2 14.618 0.056 1.113 0.498 2.153 -0.001 1.680 79,939
3 2.865 -8.560 0.498 2.154 0.000 1.679 79,945
QM 4 17.724 8.293 0.988 0.498 2.154 0.000 1.679 79,944
5 0.088 0.724 15.876 0.498 2.153 -0.001 1.680 79,939
6 17.741 -8.716 0.219 0.498 2.154 0.000 1.679 79,943
7 16.193 0.026 1.521 0.498 2.153 0.000 1.679 79,936
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Figure 2. The development of the Height-DBH curves over time for major tree species in South Korea. The points represent the
data according to the site index of the yield table (Korea Forest Service and National Institute of Forest Science, 2021) whereas
the lines are derived by the optimal developed Height-DBH model for tree species.
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