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Abstract: Korean forests are increasingly threatened by frequent forest hazards and the progressive aging of stands.
To establish a scientific basis for sustainable forest management and structural improvement, this study aimed to
develop a national-scale, distance-independent relative growth model for Quercus acutissima. The model was designed
for integration into a Decision Support System to support evidence-based forest management. Data from the fifth to
seventh cycles of the national forest inventory were used, with the analysis focused on plots dominated by Q.
acutissima. The developed model demonstrated strong predictive performance (R’ 0.99) and a root mean square error
of 0.86. Predicted stand volumes differed from the observed values by less than 3 m*ha. Simulated growth trends
across stand density levels and diameter at breast height classes were consistent with empirical patterns, validating
the model’s robustness for simulating future forest dynamics. Overall, the proposed model offers a practical and
scalable tool for advancing forest management in Korea, particularly in supporting strategies for disaster mitigation
and species transition within aging forest ecosystems.

Key words: distance-independent model, forest growth, decision support system, forest management, forest hazards, forest

dynamics
ORCID
* Corresponding author Dongwook W. Ko (® https://orcid.org/0000-0002-6944-0261
E-mail: dwko@kookmin.ac.kr; bgvib@korea.kr A-Reum Kim (2 https://orcid.org/0000-0001-8637-3251

524



AR ST v

M E

-

SEUeks 22 felgl Akt AbtE 5 FEeke 4

Al theh et jsiE War glowm, olof thgt ot
set jsto] gt 87k AEl Sk olsh g S-eluer
AbRle] sk ola) PRAA D SEAle] AlFe A
o]tl(KFS, 2025; GRI, 2020). £3], A& of} ol Ws}
Kol 74 450) EQT} o8 AdHon PelT 4 Yl
BHQl Agle] Wt A7) vhelo] Wagh Aol

Aaes s o] ARl AL 2% 7o) AR, Ql7t
o Sift 2} ol o2 Agaf, ol AR
SEl(dynamic)@} HH-SH o] QIch(Burton et al., 2003;
Bergeron et al., 1999). o|of w2} 1=3kE AFHTe] A2
WS f1eliA= AAX Abdeet e A 8EAE o
A olafer 4 9l EikAel oiEA XY xTHDecision
Support System, DSS)7} ZQ5}c}. DSSE Abwale} oo
w2 AIAF - AA 52 2O (simulation)E 4= Q= HEL 7|
o s AHHE 93 shEA(eg AXAA), AFHE
Al A, vleele B3 AT A9 5o
4= QJtH(Crookston and Dixon, 2005; Twery et al., 2005;
Segura et al., 2014).

ARIAEAOA Qo] A w1, A, 52} o o
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of wet et AAlE Tl ARIEA FEE
molat 4= 9l tharst mulo] A Bl o] SItHCho
et al., 2020; Cho et al., 2023; Hwang et al., 2025a). ©]2|3}t
mule AlE7hH o) uet B (complexity)o] AJolst
™, Bello] KLOJ mF U E(mechanism)o] wheh 77 HERE
(process-based model)™} 4=2]ZA| 2 H(statistical model) 5
O 7 JL53E}F 4= Qlt(Aber and Federer, 1992; Parton, 1996;
Hann and Larsen, 1991; Vallet et al., 2006).
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ITHRyu et al., 2014; Kang et al., 2016). £3|, 2| =A =
e 47 |uko] ujs) Aol 2] AT 9o,
tlofFst AltjAARAlo] AkEIQiTh ey 24X o) sk
WHQl ZAARE o ALElo] grol, H Tl 4
| = e W8 éol iAo e gAxo] Sk

Z7hckel o] Al 2A} AR R 27 AR 2 A National
Forest Inventory, NFI)7} 910, t}okst =-7}of| A NFI XA
£ vlelsla QA7) we wEdee zAjElR 9t
(Smith, 2002; Lei et al., 2009; NIFoS, 2015). $-2Ju2}9]
NFl= &4 A7 3=l o, A5AE 7o &5
0 g W 2] s vhEaAE s itk
(NIFoS, 2011). o]o]] uja} A7|7te| AA HrEA o7 ZAME]
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Figure 1. The location of dominance plots for Quercus acutissima in South Korea’s National Forest Inventory.

Table 1. Summary statistics of Quercus acutissima plots in the 5", 6™, and 7™ NFI survey cycles.

Quercus acutissima

Category 5th 6th 7th
Number of plots 82 94 91
Age 33.8 + 8.55 38.0 = 10.60 42.3 £ 10.70
Height (m) 11.05 £ 2.99 12.88 + 3.43 13.79 + 3.05
Diameter at breast height (cm) 15.92 + 5.58 17.55 + 6.20 18.70 + 5.31
Tree density (trees/ha) 741.46 + 44793 750.95 + 481.54 742.42 + 460.55
Tree growing stocks (m’/ha) 93.03 + 55.50 122.22 + 64.35 148.22 + 67.81




Al oppaAA T vike IRt AR ARl A i 527

O] At =71o] wE A Bofsh] Qijt Wikke® A
Z<wdl(distance-dependent model) thH] Atz o= A3}
S "ol = Lo, A Aiidel adt At
A= o] B Fol drider A AAkbgE vlaA] o

£318 4= 9l AL 2 Yar QJtiDixon, 2002).

DBH,

growth

= PG'< MOD (1

AR R S A= FIAe) AN B
HojE) o]= AR A (potential diameter growth, PG)
2} A &k(modifier function, MOD)E &3l 4=, o]
= Formula 1-& wZ=th

PG= FH 7SS Alele] 7o) Qitk= 71 o=l 7iAl
50 ATAAYERS AulRith PG F4ol= dEe Al
&, Z9A152] T2 7 (diameter at breast height, DBH)Z}
ZT-E(crown ratio, CR), A|YA|4site index, SI)7} ZHH
TEH Z-EETHTable 2). 5, PG 3704 SI= 9] 2

Real world

Distance-independent model

Figure 2. Conceptual diagram of growth process in distance-
independent model.

Table 2. Sub-formula to PG and MOD.

MOD= & W 7iAl=2] PGE Ed= AA| ke 88
T UEST HAYsk= S sk, 004 1Abe]9] 3h
Ak MOD F7g0lk= 7S] Far2, e BHgaL4
(average diameter, 4D), o] FiltHHZ(maximum basal
area, BAua), 2] THHAT FarttHZ|(basal area, BA)O|
SHHTE ZgHrh o5 F9 BAY Bd BAE EUE
dEdEe] WE S B = 9o, BA7Y B4kl
7SS MODE 00 7P7RE ghe AUA| €. ol et
MOD7} 0 735 7o) AP faA| =w, 19 77hes
5 PG 2] AASHA Hek PG W MOD 78 3HgollA|
bi~bi, di~de> 551 Sl WHIE AAIg=olH, o]
Atoll s Ay $45ks NFI #2242 285t
A4S Adskalst shaict

B ol AUyt 93k NFI 437] 285 5
90%S A=relubs A4 Aidks flsl 28stiom, 10%

gt FE7t Hasich DBH= NFIo| A|XE DBHEES &
85190, AD= NFIE E3) =45+t BA,.~= Sterba
(1975)0)| 4 AA1gF Maximum Stand Number (MSN) o2
Higro 2 2As1glom, of= JEU=r gt of BA®
Z|tigkell ek 2 7HgRich weba] o Farehd A
= TABkE Y8 E BA Glo® e U] Bdue 4
et om, B AtofA= 44.14 mPha® 3=|9Ick CR
2 Kwon(2003)& Rarsto] AAsiqict o9} §HA SI= =
Hitastloll A AAsk= ARG A4S F8 45K

Formula

PG =b, + b, X DBH" + b, X SI X CR x DBH"

(1—exp(—bxt;))
Potential growth estimation ST= Hpx (1—exp(—by < 30))
CR=p— Lt
8(1+b,+BA

by

j +b,,(1—exp(—b,, x DBH))

MOD=1—exp(— (f(R) X g(AD)) x (

s

Modifier estimation dy, X DBH

F(R) =d1(lfexp( D

g(AD) =d,(AD+1)"

(BA,,,, — BA) )°~5
BA
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Table 3. Summary of DBH class in samples.

A1147 A4Z (2025)

DBH class Train dataset Valid dataset
Small diameter(<18 cm) 415 113
Middle diameter(<30 cm) 418 30
Large diameter(>30 cm) 142 29
Total 975 172

CHNIFoS, 2023). o] 7|¥ko Al2|upsio] digt A%
43(b; ~bg; di~ds; Table 2)E& FA3} T}

M ABAARS AAAR)} Bt Al 22K Root
Mean Squared Error, RMSE)E E3| 45 H7I8HAE 7
W A B3 4% 54 F2) DBHS} NFIZ 53
W=7 DBHE H|asRit). o5 9J3f) AISAF NFI 324 9]
ASEUEE QERslel 59 $2) DBHE o339
o, A6x} NFI ZEEA0] A=a|ubt DBHS} v]msleic).

Zn o oy
1, MRS ATHAEA He 2 Bt

=l Ael=grd 7|8t
PGS} MODS| AASE 3745}
o), o}z Table 49} 2}, ALE] AP o2 4
Bl =2l el AR RS AlQRE 10%9] F24
oA AHAIE DBHS} wlwslo] 8istglon, = 0.99,
RMSE+= 0.86 cm® UEFHTHFigure 3). =31 4= 4 o=

o

N 32

Table 4. Estimation of growth coefficient for Quercus acutissima.

DBHE NIFoS(2014)0l|4] A|AJgE 2] S A]of 2§23k
I o A2 109.7 m/haZ FAHEQ o0, AA B2
AL 106.7 m*haz R} 3 m¥hae] xjo]7} LRt
olof] whzf 2 Atol|A] FEEE AFriAdAAlo] ul-e- 4=tk A
= Hol= o= wetHrh
U] Ao e e
At} Figure 4= e uito] gl e
°} MODE vPgo= Z|JA5(SI) 16, E&(CR) 0.5, H+t
F1A7H(4D) 25 cmE 7|22 BAS} DBHof| wh2 517k

|
=l

AARAFS mES QR Fariue] Aeds 2
AR 2 02 Ueiton, DBIVL 2 4BUSE 2
Aol 2 AoE Vet

Ao Uehgrh. ol T
qlow, Aol BeT AS

=0 v U=
ol 28 dF2e A=

Growth parameters

Growth coefficient

Quercus acutissima

by 9.0748
by 2.9646
bs 0.1680
by 0.6222
bs -4.1330
PG bs 0.0539
by -1.2390
bs 0.3334
by 0.0006
bio 0.4348
by -0.0521
d, 0.0509
d; -3.4172
d; 34.7566
MOD
ds 0.0336
ds 7.4481
ds 0.0230
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Figure 3. Evaluation of model performance by comparing
actual DBH (NFI) and predicted DBH (simulated). R’: 0.9,
RMSE: 0.86 cm.

= N W b

Figure 4. Simulation of DBH growth (cm) by individual DBH
(cm) and stand BA (m%*ha). (in criteria SI=16, CR=0.5,
AD=25 cm).
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