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A Study on Thinning Tree Selelction of Pinus Koraiensis Planted Forest

Hyo-Bin Ji - Jin-Woo Park - Seong-Ho Yoon
Department of Forest Management, Division of Forest Science, Kangwon National University, Chuncheon 24341, Korea
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wEg 4gaion, YED R4E ol8siol AAe] M1 WAYRE AN Y ARE ZJUdehL ke W vaIE
ZRFEE 0.78haQ] 586E-S tiAlo g ZA5lgct = 71 Ast Ag] &AL 93 Trimbele R12i GNSS system° o]gslo] XA}
Stk AR S0 AR AAHL £ W 2E0] AL E o]8sle] AASIGon, ATEE AR SLE 57]-?(](Hegy1, Daniels,
Lorimer, Braathe, Martin-Ek) E‘:“— BAx} H]_U_O}?&E} A HYAZE HEYT BA7H ] Dijkstra’s Algorithm—% o] &3] Y=
Tt A=Yt BAE dEfsto] AkEsilth £4143, Daniels RHO] FAAITE 031~7288 7HY @oton, ZEE IF A7t 3m

ol HojXl 7jAIE=o] & 161208 Y= 7‘} BAREE 7P & 2SIl 24 HAEE 42T, Daniels 2E-2 ol5A
705.6m, AQA|7F 1858 26% 2 HAFICE

N

ABSTRACT : The purpose of this study was to quantify the selection of thinning trees and work methods for artificial forest of
Pinus Koraiensis planted forest. For the selection of thinning trees, a distance-dependent competition model was applied, and the
optimal logging route for workers was presented using network analysis. Standing information was measured for 586 trees of 0.78ha
of stand age class V Pinus Koraiensis forest in the research forest of Kangwon National University. In order to accurately measure
the distance between trees, it was investigated using Trimbele R12i GNSS system. Competitive tree selection was selected using the
height and angle of the base, and the distance-dependent competition index was compared and analyzed with 5 models (Hegyi,
Daniels, Lorimer, Braathe, Martin-Ek). The optimal logging path was calculated using Dijkstra’s Algorithm, a network analysis
technique, considering the distance and slope between trees. As a result of the analysis, the competition index of the Daniels model
was the lowest at 0.31 to 7.28, and a total of 161 trees with a distance of more than 3m between the remaining trees expressed the
competition state best. As a result of the analysis of the optimal path for logging, the Daniels model was analyzed as a travel
distance of 705.56m and a required time of 18m26s.

Key words : Thinning selection, Pinus Koraiensis, Distance-dependent competition index, Network analysis
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Figure 1. Study area
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Forest status
- height - DBH -

Terrain characteristics

- slope - elevation -

Tree location
- GNSS-

Extract competition range and competition stand

Selection thinning-out tree of distance-dependent competition model
- Hegyi, Daniels, Lorimer, Braathe, Martin-EK -

Network analysis utilizing thinning path comparison analysis
- shortest path - best path -

Quantitative thinning-out tree selection and operation system development

Figure 2. Flow Chart of Research

FHE TARSICH, dEAXSFEE AELE et
AgE 317 Ystod AAHFHA| A= (Global Navigation
Satellite System, GNSS)2 &-83F SIHES ARSIt
HET ARE o83 guHIel AU BHI, A2
Z2 ZARE (Hegyi, 1974; Daniels, 1976; Lorimer, 1983;
Braathe, 1984; Martin-EK, 1984)2 &-835to] AAX|$7}
o YRS qion HEe My 7 RdEz
HEE BESS oz Ao UE BHE Elo
289 20 44S WlGon, HEHoR v
E9a BA/1Ue B8elo] AH rEERE AP
th(Figure 2).

1) BAASFE o188 PEE 44 ¢ HFF= £4

M) AYESE FRASFLE 0|88 EE 4F

PR AAS ﬂﬂﬂ BRAATE LEstoH,
AYEE ARATE eSS SHE FHY BAE
o] #AE @%?ngi B7ksto] A4
ojtt. AL HAA Al AT F9 d=Y AL
ofg] QIAE &8oto] A=ttt AR 4& Al &
ZA Q9] QEL 51& Ho| AAETL HUIs 4 9o]
IYHAH(Fixed Area)S ol-&stlow, 7HAEE Bt
AZE AbEste] tidA T 299 45 HIAE m=
A A slo] BA-S AA|5HE tH(Pukkala and Kolstrom, 1987).
AR 4AS AFYAA He] FAB9| 410} 4
20 2RI} olRL ZEE ol8el:  THA(Toul

AEste 7Y

ol

Table 1. Comparison index and Comparison index formula

Comparison index Comparison index formula

d.
9
Hegyi (1974) i d,
=1l Disty
2
94
Daniels (1976) N
ala
n d.
Lorimer (1983) [_J}
J=11%
&
Braathe (1984) n h;
=1l Disty
n d _ { 16 Dist ]
Martin-EK (1984) Z(J = j

j=1

Dist;; =distance of subject tree ¢ to competitor ;
d; - DBH of subject tree ¢

d ;— DBH of competitor trees j (j#1)

h; = height of subject tree ¢

h; = height of competitor trees j (j=#1)

n = number of competing trees.

o=

Height Angle) HPHE& 0|83l ARYES A
(Moore et al., 1973; Martin and Ek, 1984). Lee(2000)= %t
U2 S 8QJEo| A% Hegyi(1974), Martin-EK(1984) =&
2 P83k Aol e AANSET Adon A4
=2 R =X

2 Z =Asitty Bkt B dA3s AgERE A
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Center, 2020).

@ %445 =dd v - 97}

Aelss ABEDS Bosto] 1R A F, AHY
Ho] 47 REB 1127)Z(Equation )& B§3ko] %7
Es BA3 vastec DYER A9E HES 8
2 A3 WES 3ol B3 BuffenS Aol
F57 o) QB Bew AwE EAstdr. 97
o Ay REm 4 golwael 8714 EHIbGS
(Hexagon Gridy® @4stel 22} vxio] 2 2] Y=ol
EA3H=A B3 ChFigure 3).

O

10,000m?
FEEAA (m) = \/ha%]_ﬂ_tﬂ R NP M

=T Yo

PY A
o
Distance
O

A o /A
®

(O Subject tree
@ Competitor A Non-competitor

() Imaginary plot area of competitor

Figure 3. Diagram for searching competitors of
a subject tree using hexagon Grid

Table 2. Status of observed trees in study area

2) YEQZ £4 o8& FF a4z A4

4% QAT WEALONN A} ol wag B
Aol AL AREA0IT 315, olejet A=EAe) o
FAZL, o5AT, Am AvF, BavET 2L B
ol wet HHsie Bojol gl die £
Ith(Kwon and Kim, 2021; Park, et al., 2014). ZHZ}
7h A& Yol 7rES Y3t 849 FAeAE 25t
7] Sfeol MEYD BAL eIt 2 2t A
AAZ B4 Yl ArcPro2] Netrwork Analyst XT3
248 85190, ArcPro2] Network Analyst ATE
o= Dijkstra’s Algorithm 7][¥tC. 2 A= QI tH(Dijkstra,
1959). Dijkstra(1959)9] & 12]&2 A= o A|FgozH
g ofg 7i9] tE AR 9 ARl dd ST
AGAZ 24 2L At oty HEYI
gdFE 7FSA(AR, A 5)°l Wt Dijkstra’s Algorithm
< 37 EERER & dFfAE HERS IR I
= 7k Aot 2YAe] BPLE@SAAA T1E KmhyE
2fsto] 242 AAISHI T (Jung, et al., 2005).
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ATFHEA AFRAL 23} HA| 25 T 86208
A Q) Oom, AR 5504, 7|EF EF4 36202 RA

At HHFrAHEL 26.8cme|H, FFSIE 19.0m=
AU AYSE BARD L85 s A A
AYAE AET 23, 1FHEA U AE2 F 363202
ZAE O8], AR & 3465, Vet EJS 17RO
ZAERS. AEA U P PAtFALAHF L 26.7em
2 0.lem 7TASIPOH, HiFaIE 195mE 0.5m 27}
S} TH(Table 2).
2. HelE3% 38R 28 s ud

1) AYSS BN 2dE FAAS v

AREE AAATE ol AAArE AT 2

I}, Hegyi -2 1.03~5.81, Daniels &2 0.31~7.28,

Location Area Count Average of trees height (m) Average of DBH (cm)
Study area 0.78ha 586 19.0 26.8
Fixed area 0.45ha 363 19.5 26.7
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Table 3. Table of competition Index analysis results
Hegyi Daniels Lorimer Braathe Martin-EK
Maximum 7.94 7.28 41.45 6.44 5.81
Minimum 0.68 0.31 3.81 1.09 1.03
Average 322 1.40 14.05 3.05 3.46
standard deviation 1.18 0.94 5.14 0.82 0.88

¢. Lorimer

e. Martin-EK

Figure 4. Map of remaining trees by competition index model

Table 4. Minimum distance average of remaining trees by Comparison index

Comparison index

Minimum distance average (m)

Ratio to static distance

Hegyi 298
Daniels 2.89
Lorimer 2.81
Braathe 2.86

Martin-EK 297

62.5%
60.7%
59.0%
60.0%
62.3%

Lorimer R&-2 3.81~41.45, Braathe &2 1.09~6.44.
Martin-EK 222 068~7.948 EASITKTable 3).
Lorimer A& A|Qgt HE AAYX|F7F gkt x5k
o] 03~7.9 Afo]2 Fxsir mdl AR Zjols I
A kol YT diR|olA A4 Zpolrt WAYoh=

AL AAJRE] A3 nddz ARGH He xlo] w
2og mwoHrh E3], Lorimer REL wd i Y=
o] FuAA9 H|ET AMESty| wiiEo] Y&EIY AT
4 245 uE3 o 2di) gho] Zjo|7h dAe Ao
2 gokEch AR e] 7hdE F RS JE 7440

H/ha) B IHAAC] ofste] AA| AR AbEo] AF
|5 HH045ha)E 7|2 A U IHEESTF 198
o] HER FAATTE 52 45S R e
ARSI IPEEL ASE A B 14883
BEA Yol BIG 17HO F 1652S Agaisict
(Figure 4).

W, 78 ¥ BEmol BA MAS B et
of Pukkala ot al.(1998)9] QTN 4T 718 ¥ 2z
27 4728 dAe B8l B4L AXsig 2
Ao A4 BEBe] HAL 478mz EHHGO

o, 2dd 4 AY PdZ ARESHo] HW - H7lekel
ot B9 Ha A BHE B, Hegyi S 0|83t
F4 A= Bato] oF 2.98m= A% THATH] °oF 62.5%=
BAAS A4S A% 7 B F AERY 110
71 W9lom, Lorimer ZEE 0|83t HA Az Ho]
of 281m= 7P ZUTh Hegyi REZ o]-gsto] =
AAeh e AEES 1 V|EET AAE &
o, o2 nEyt vlwsto] JFEE9] Hjx] 7HAo]
A%t Ao = wETth(Table 4).
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Figure 5. Number of buffer zones according to the remaining trees by competition index model

b. Daniels

a. Hegyi

c. Lorimer

d. Braathe

e. Martin-EK

Figure 6. Map of buffer zones according to the number of remaining trees by competition index model

7V @tk ¥bdE, Daniels 292 HHE U 1Eo] &)
ok= HEe] 7t 2R 7HE wtod 62 ol X
She HmEo] 25712 7MY &S tHFigure 5). WHES
o] g3slo] ZAEE 7t I7HH WrE EXA%E Al Hegyi
2dZ o]g3t ol b EE¥} Husto] FEUE2
4 227 A=A siA=EA2H, Daniels HE%
Martin-EK 292 2 Y FE22oz JUE A Yo] &

Edhe Aoz A E ArH(Figure 6).
3. s EXEZE 24

ArcPro9] Network Analysis AJHPHS ARRSo] 7HHE
ARol W Aol AR BAsIGon, o5A e}
BAARE g sto] EASHGIT #4113 A3, Daniels HEO]
% olSAet o T056mE 7V AYOH, Hegyi B
683.8m, Lorimer =& 673.8m, Martin-EKZd-2 633.3m,

6  MULHHDSISIX, A 147 H15, 202413

Braathe =& 605.9m9] &0 8 BAEQich HAAHg9] o]
BAZES nEER [SE 48% ~ 188 2527} A 5= Ao
2 EAE 9 tH(Table 5). Daniels R &2 Z2E0] U B4

oflA HmEd HA7t H““f‘i}oq AR ETE RA oA
XIZQ cgEHE Ecﬁoﬂ:] o] Eitﬂ' 7101}% o]E
A} Al7to] 71t Ao & u&%%t}. HH F(2014)2] A
Toll WEH, AR ==V JojdSE oA o]FAl
7ko] Z7ksto] 2 Aol Autel fARE Ao wrhE
SHH, Hegyi HEl2 ZHE&0] Hxrl ZtEos 127

XS B PEER Y2A BREste] R et
HEok olsAE " AlZte] 7P A g2 Aoz B4

oAk Zse] o] 9lo] Hegyi WS o182 7

A2e0] 45T} 7PEEC] HAL PR REZY F7HA
uix| o} AQiate] meA el WAhargo] Hge Ao Wt

Fch(Figure 7).
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Table 5. Distance and time of travel by competition index model

competition index Distance (m) Time
Hegyi 683.67 17" 50"
Daniels 705.56 18" 26"
Lorimer 673.76 17" 35"
Braathe 605.91 15" 48"
Martin-EK 633.36 16" 317

b. Daniels

c. Lorimer

d. Braathe e. Martin-EK

Figure 7. Map of thinning travel by competition index model
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Applicability of Hand-held LiDAR to Forest Surveys

Jeong-Gwan Lee - Du-Hee Lee - An-Hee Yang - Hyeon-Ju Na - Jiseok Kim - Hyun-Jun Kim’

Department of Forest Resources, Chonnam National University, Gwangju 61186, Korea

8% E Q7L AL A7) wEdow Ao AUdt 3094 AuE NSY % 9 S LIDARHand-held Laser
Scanning HLSYS AFIEAIS] 2g0] 75012 Sotsh] $Js =Tk HLSS] ZAAIe] e Faa4st 431 34730
ol BRI, 24 el He 3479 10 AUEE BN 1 A%, $194S 284K e Aol
QAATHP > 0.05), ST 108, 1580] ZHAZE o] 52| 2RI ROIe Hol7h WARTHP < 005). Thehd, Ha
108 o}o] ZHAZEE FHAo} ATt RS B 4 Itk EF HLSE BAZAL ] FIR=0.9947~0.9987, Bias=
299-333 emp® B IR YA, SIR-0.6258~0.892, Bias—3.59~193 mE o WA FHleiek 274
of W2 QB el A FUAAT I LE SO Ko7k YUTHP > 005). Wb HLSE AbgzAle] 283ty 7]
£ @ 2ARYG G8A0)3 TIHOR YT 4 Urks AL HolEth Eeh B A7 Aol HLSY 48 54l o
2R B89 4 dor], YRUE, AN 45 5 TR 84 9 widol mE HLS 24gke) wslel] e At 3
742 Saslolof & Zolck.

ABSTRACT : This study was conducted to propose the possibility of applying Handheld Laser Scanning(HLS) for forest surveys,
allowing for precise 3D information of forests to be acquired with less time and labor. We analyzed the changes in estimated value
of DBH and height according to the measurement time of HLS, and analyzed the accuracy of DBH and height according to the
measurement method. As a result, there was no difference in DBH depending on the measurement time(P > 0.05). but there was a
significant difference in height estimates between 5 minutes and 10 or 15 minutes of measurement time(P < 0.05). thus, a minimum
measurement time of 10 minutes is necessary to obtain accurate estimates. Furthermore, HLS estimated DBH(R?= 0.9947~0.9987,
Bias= -2.99~-3.33 cm) with high accuracy compared to field surveys, but underestimated height(R>= 0.6258~0.892, Bias= -3.59~1.93
m). Ther was no significant difference in the estimated stand values according to the measurement method for DBH and height(P >
0.05). Therefore, the application of HLS in forest surveys demonstrates its potential to efficiently and effectively replace conventional
field surveys. Furthermore, this study can be used as basic data on the applicability of HLS in forests, and additional research
should be performed on changes in HLS estimates based on various environments and variables such as stand density, slope and tree

species.

Key words : DBH, Forest survey, Hand-held laser scanning, Height, LiDAR
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AL 7|Z¥slg(United Nations  Framework
Convention on Climate Change, UNFCCC)o|A] QAA3dH=
SRAE T4 - AR LA A ol
(UNFCCC, 2016). weta], X ARG E gt 2
f40] =3] S7bota AL, B4 ARAAHAE B
sk7] 91t ARl dlolE o] BR/do] tiFEHI Ut
(Wendland & Bawa. 1996; Gollob et al. 2020). 115 §1!
AR s AFRERARIA 7P S83F w7l
(Chen et al. 2019). Y& FNAAT} $£1= A+ Hlo]
QuiA, A SAF, AR BAMIQ AT B &
HokBijak and Sarzynski, 2015; Wu et al., 2019; Fan et
al., 2019). WEtA], A& FIAAHT} =1 E ARHoZ
245 AL Fask

7129 AL WA FEF
2, Fils F17] 55 ZS ettt 3
stol, 241 278 obgo] 71Ie F WL Sk o
LAR1 &HE 7HHTK(Cho er al. 2017; Kim er al. 2021).
ol k& FYoFZAoliL AFto] HWo] AQEH, TFdt &
A Qx7} WASl7] {th(Liang er al. 2016; Ritter et al.
2017). £9|, il SR @Y 1HgS4 Wiiol”]
j&ofl, ZARA] w2 AL ASHHKo er al. 2021). &
ARe] AR EACIY SAE, WZwo] wet coRg 27
A7t LAYSE] wjZolHH(Choi et al. 2022). AFPAT
Me A5 1 SHA PAste 2449 T8 Al
ZARLS} R goletal H15}9 Th(Stereficzak et al. 2019).
o|XY 7|& ARRAL WHL FYgwt don, JorE
P77 et M2 24} W] Basi,

Z Light Detection and Ranging(LiDAR) 7]<&©°] 4
H|ZSE o8] ZopoflA ZEEil Urh. LIDAR 7]&2
Eo BEEYSHY X E 3D XRJE SHPEE §F
o HoEs 24T & 9T, YA FRE 540
71 dlolglg HET 5= SUthHyyppd. 1999; Oveland e
al., 2018; Akay et al., 2009). LIDARE ©o]&3] AHHS %
A A9, ARe] AR AN 1 GRS K A
1 =5gor I5F 4 Qlth(Liang er al. 2016;
Hyyppa et al. 2020). LiDAR:= Z0|AE FAFSH= fIA]o]
w2t GH7h RS, A4 LiDAR®E F& LiDARZE
TEHoh 3L X4 LiDARE 11784 24} LiDARS} o]
524 A4 LIDARE AE€th 2 AoA AREH
Handheld Laser Scanning(HLS) += ©]%54] XA} LiDAR %t
M2, 144 A4 LDARECH 7MET ol54ol Hol}
o, o2 1FHA FHET HolHE Aok Bl
"ol grobd o Ao dolHs g=w & 9t

ot Hf oo o

10 ABHDSEIK, M43 A5, 20244

N

(Bauwens et al. 2016). =ojlA HLS?} #HEH AT1Z=
YA 2mo] A Tx £ U3 HLS B
84 77k Q¥ vlolon)a ZAE I8 WHY LDAR
(Backpack Laser Scanning, BLS)?} =2 LIiDARS] Z-24
Wl HLS®H 344 A4 LIDARS 83+ Ad4wel
1 9 FuAF FH 5ol olFHAL YA, 3]
LIDARE 287 424 4ol oje] gL olgo] A
71¥]31 QItH(Choi et al. 2022; Lee et al. 2023; Ko et al.

o) 48 thet ek (1) HLSS] FFEL ZHALto]
452 2718 Aolth. @) AN w9lolA HLS o]
BYEL B Aol (3) YRS AFPEAL A] HLS
BYre AA Pzt vlwstel 58 s 4

g Aol

M Lo

=

1. AACHAKX]

2 avt BEge B 9 ddten 42
4 ol Q= HERA|ERo]of(Metasequoia glyptostroboides)
Z YR oA $HSFATH35°10"19"N, 126°53'53"E). I+
2 4950]al, BFLE o]FoA Stk BAA: 5° T
o] AR oI, SHSAEE AAE AdHoltt. AN

Quros Sehtet AgdUzAe] A8HE 20 x

fr 2o

=2 v —
20 m(0.04 ha) 7|9 RAMFE 37 X5} THTable 1).
HLS= #g%t 37119 RAMLE= Fig 13} 2t

2. Holg =& # XM=

1) 8% A} HLSE o83 dojg =3

HLSS] A& 7FsdE ERlstr] flsi HAo] x|zt
ZHA A FHZRAIR}F HLS Tlol8E S5ttt d%
ZAF 9 HLS Tlojg £32 20249 49 9U4FH 49 12
dof AA Aa@stth. HLS(ZEB Horizon, FARO
Technologies Inc., USA)S ©0]85l0] ZA ZAF AI7HS &
Ast7] sl 1 RARLOIA AIZES 5HE(MS), 10:2(M10),
I5EMI5)E FHEsto] 24z} 39kE Z5Hqith

HLSE ©o]-83F A WRidt 7]& A W 7] 74|
5 W Qgunel g94n 19 Aol B4 9
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Table 1. Characteristics of survey plots

DBH(cm) H(m)
Plot N
Min Max Mean Min Max Mean
1 23 252 69.9 47.17+£2.68 16.8 35.6 30.51+1.30
2 25 27.1 62.1 44.62+2.05 15.8 33.8 30.88+0.89
3 21 27.6 78.6 48.90+3.37 17.8 34.7 31.83+1.18

Figure 1. Three plots of M. glyptostroboides forests scanned with HLS
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Figure 2. Survey path of HLS scanning
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Table 2. Technical specification of HLS

N

Product name

ZEB Horizon

Product image

Maximum Range
Scanner points per second
Laser class
Field of view
Weight (total)
Typical duration
Datalogger carrier
Raw data file size

100 m
300,000 point/ sec
Class 1
360° x 270°
2.8kg
3.5 hours
Backpack or shoulder strap
25 = 50 MB/ min

1, 2, 38 2 3719 RARLE 1A =459} HLS
olga AL A BT A 2AF AR
Agotglon, Holg &4 HAassh] s 5 m
HAow ZATE olEsin] AAsIATHFig 2. FANE
olF A= °F 160 m HelolH, e RAMS FY
A0 g o|53yth 71E A WHog FuAHLS
ZJH|o]Z(Diameter Tape, Shinill Science, Republic of
Korea)E ©]8dt0] 5L, ale  Vertex(Haglof,
Sweden)Z ol8elo] 2Tk B FAlIH AMgT
HLSO] A% ARFE Thel ZTH(Table 2),

Do ot N o mlu 2

2) HLS ©Hlo|g H=

GreenValley International A}FS] LiDAR 360 AIE o]
£ o|&d HLSZ FHS5TH M+ HoleE Asiqitt. |
A AREAPE BASI AL St RAREE Mo R EEY
sttt dlole F45 FdA17171 {18l Remove Outliers
4 Smooth points 7|52 &3l Tlo|H wo]=9} Eo|gi
AASATE 2 SAE Classify ground points 752
ARGS A AR(E)E ERSIH. &FE AdS
71202 AES Ao, T2 ARH FoloA FiF
Ay 315 2A5H7] Y3l Normalize by Ground Points
715= AR&Ste] AWS BEIskH

TLS Forest®] Fit DBH 7|52 AR&al AR W9l ¢

12 AEYHESEI, M43 A5, 20244

=9 F1A74 AL "HolHE Adgsiint. v WA=
Point Cloud Segmentation Based on Seed Points 7|5 Af
8] A=l H dolele FEokrkFig 30). FIA
732 Fit DBH 7|5 ©|-&s] AEHAFEH 1.15 mo
Al 125 m Alojo] HE FEdte] PR AP 4
shoict. ST AEHAA ARBY 1Y B AriAe
o] e 2EAUT(Fig 3b). EAE FeLE Aol
|2 o} ZTH(Table 3).

3) 34 &4

H Aol nE EH EAo|= SAS ver 9.4 software
package(SAS Institute Inc., USAYS ARMESIITE LYuiX]
FEAFELA(A one-way ANOVAYS AA|5to] HLS ZHAI7E
o] w2 DBHE} H 43| ZolE vluwsiit. 7+ A
7k Zol7t 1d AS FesE 0.05904 Duncan ‘s
multiple range testE $3¥sto] ZF A2j7te] WS H|W
SHATHP < 0.05). &7 WHo| T2 A& &9 FH4=
H|WsE7] 9l T-Tests AAISIATE ES, &4 W
02 MAE F2ARY 1 SHE Blushy] ¢s
AAALRY,  HEAFT2ARoot  Mean  Square
Error:RMSE), 12|11 H3KBias) 42 AlAsle] HLS 373
& AY=E FEA5IGcHEquation (1)3)). R EH9)
AYEE 7otk A F;o|H, 004 1 Atel9] gk 7HA]



Figure 3. Measurement of tree DBH(a) and H(b) using LiDAR360

Table 3. The amount of data and point clouds according to the three kinds of HLS measurement time

M5

M10 MI5

Data (mb) 777.64+11.90

Total point cloud (n) 31,810,103+486,813

1386.13+25.33 2068.25+217.82

56,726,640+1,036,705 78,205,183+2,467,168

o, 10] 7he48 Aweo] frhy WHsith RMSEE
24303 2430 719 MRS Belste] FUES Sl
£ goll, Bias 273 ¥l 2339w T wa
A Boshs glolth ol 24gat 24ge Aol
SAHos e AR, 0] F7hess Edo] ¥
o wEtch B AL A7AH 0L} VertexS o]
g3to] ASa 243 ] HLSE olgste] AST &
H3k0] Aolg BAstSLt.

@

o714 = A S HLSE B8 4%t 34, ys
A S Y AN FE S 3 ne AN
Y d&9 E 45 ou|sith

1. HLS ZAL H0j| CHSt M3 ZAL AlZH 24

BT S92 A ARPE Rt &Ko7t gl
(P > 0.05; Table 4). Ho|&9] ALLE Ueh= I3 F
Al RAF A7 @ ROl3t 2lolE HolA] doprt. whet
A, FUHHO S AL A7 G A Fett

A= M5 RAF AJZE]] S| M10Z+ M15 AR AJIZE
oAl gt £FO0Z EUTHP < 0.05; Table 4). HLSE=
ZAE AZbo] ZojALE Feert Frkste Aol AUtk
(Ko et al. 2022). o= &7 AlZtol| vlHoto] ZQIE F
2Tt F7tete] 255 S4o] golsfA|7] wZoltt.
TS, AEto] FYUsHAl A FAl M5 RAF AZhol| H
3l M10Z MI5 A} AZEOlA RofobA] AAastReh =
AR A7) F7h= HlolElY] HE AA] 7= B
7b Stk &, M5 RAF AI7R FEeel Jwrt 7t
2 Aoz EAgo] 4 108 olAEoloF Aol A
9] fo[HE H5T 4 Utk

FHE, MI0ZE MIS 2t R8T 3t BE RS
oA FY3t Zpol7t WAYSEA] Qhgtth. ATkt ZRp GA
T AR AIZE ZHO] f9Jgt AtolE Holx] QkSith &, X
AR AZEO] 108S Z2T5HA =9 HolHY HE=e 3
T U ol FHEA U= Ao W 0357 £
A} AlZko] ZojAd HESH ZIE FTQET) S5k
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Table 4. Comparison of DBH and H according to the three kinds of HLS measurement time. Values with different letters
indicate significant differences among the three measurement time(P < 0.05), and parentheses indicate standard error

Individuals DBH (em) H ()
M5 MI10 MI15 M5 MI10 MI15
1 54.17+0.18 54.50+0.21 5437+0.13 31.73+1.80 33.90+0.25 33.40£0.23
2 25.0040.21 25.23+0.29 24.930.19 23.87£0.64 24.93£0.17 24.17£0.47
3 36.90+0.25 37.17£0.24 36.90+0.15 28.1040.91 27.4740.67 28.90+0.10
4 39.2740.24 39.43+0.18 39.3740.22 32.0741.43 32.97+0.09 32.70£0.21
5 50.73+0.33 50.63+0.48 50.77+0.38 29.2342.77 34274039 33.73£0.23
6 55.70+0.26 56.00+0.15 55.90+0.20 31.00+1.24 32.50+0.32 31.50+0.38
7 48.97+0.37 49.2740.17 49.33+0.19 33.63+0.15 34.17+0.20 33.87+0.32
8 57.50+0.57 57.80+0.20 57.97+0.35 32.2742.65 35.20+0.00 35.33£0.07
9 65.47+0.18 65.70£0.76 64.70+0.25 28.87+1.79° 32.5740.38° 33.07+0.34°
10 33.230.17 33.8720.15 33.67£0.07 32.53£0.47 32.70£0.38 33.47£0.26
1 38.13£0.32 3827£0.39 38.530.15 30.6343.25 33.1720.45 33.630.18
Mej:tu;ed 12 25.03+0.58 25.60+0.23 25.43+0.09 23.60+0.15 23.87+0.17 23.6740.13
13 42.404021 41.53+0.42 42.27+0.15 32.67+0.38" 34.03+0.44° 33.530.19%
14 51.00+0.25 50.50+0.67 50.83+0.34 34.67+1.43 34.20£0.42 34.77+0.52
15 37.90+0.32 38.53+0.23 38.27+0.09 33.10+0.50 34.07£0.22 33.90+0.00
16 45.60+0.23 45.80+0.06 45.80+0.26 33.2040.50 33.8020.40 33.53£0.29
17 23372015 23.33+0.26 23.03£0.22 13.2740.13 13.90+0.29 13.90+0.29
18 53.90+0.06 53.80+0.30 53.63+0.07 35.60+1.54 35.7020.50 35.1320.50
19 55.20+0.15 54.83£037 54.43£0.24 34.60+1.59 35.2020.10 35.670.52
20 33.7340.19 33.73+0.20 33.47£0.07 29.5041.17 28.5740.37 28.37+0.07
21 50.17+0.23 50.20£0.40 50.130.12 34.2740.07° 35.1040.06° 34.87+0.12°
2 51.30+1.63 53.50+0.17 52.73+0.33 36.2740.62° 35.77£0.34% 34.43+0.19°
23 48.43+0.33 48.23+0.33 48.13+0.12 35.730.43" 37.00+0.15° 37.00:031°
Rt | M 023 0.24 0.24 -0.71 0.13 0.16
Std. Err 0.16 0.10 0.13 0.25 0.28 0.18

dlol8 A Alzte] S7ksh= w0l WAL THKo e 2. =
al. 2021). o|AE FA} A7Fe] Z27t= BA A7

AA HLS &89 a4

& AFolM HLSE

2018, Oveland et al. 2018).
A YN0 Ago] 41
A westr]ol=

g 7L/\ /\] Z]

2935 A

274490 A77t Basie

14 MABYHDSEX, M43 A5, 20244

271
2 9k weha,
) ENAIEEIESAPY
e 1089 How olsy u} e 32 S o
HHos i £, AP
(Balenovi¢ et al. 2021, Ryding et al. 2015, Glannetl et al.
S AR A G2 HA|o|A
ZHo] vz ane skt
olf&o] Atk IER tiFEo] FAF
Q1 Aol el HLS A8 7Hs4e o e B4
37] e

Az B2
th(Chudé er al. 2020). o]
A3 WA= H HolE ] ko=

HLS®} 24 go] L

ZHlol ME xS Tl 82

it HlW

al. 2015; Brolly and Kiraly. 2009).

Ro)8 Aol

Z7ggo| o w5l gl

%71 Hel

olgsiol FAAL wlLslod
B35 A3l RZS 0.9947~0.9987, RMSE7} 3.15~3.56
cm, Biast= —2.99~-3.33 cmZ UEIGTHFig 4). ZE RAF
FollA RP0] o} F A AH] ZH
AOo= Yt 18y HLS=
N73e Wl 2ok S ok ofe) AwdlrEol
AT9 BYsA HLSE FRHH| A 24
o] BRHT e
oo thRyding ez
TH4] A4} LIDAR
(Terrestrial Laser Scanning, TLS), HLS, AFXIZZFH(Close

Sl



AFEEAN] gt FH-8

A4} LiDARS] & 7154

80 80

80

RZ 0.9947 R2: 0.9966 R2 0.9987 (Y
70 { RMSE:3.56 70 { RMSE: 3.47 70 4 RMSE:3.15
Bias: -3.32 Bias: -3.33 Bias: -2.99 °
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Figure 4. Results of simple linear regression analysis of DBH (cm) and H (m) according to measurement instruments.
Black lines in each graph indicate y=x

Range Photogrammetry, CRP)& 0] o F1AFS 4
o AFOIAE 2 om FOFOE ZH = AR RALA
HLS= TLS % CRP R} vjw7hssittal Hilsiit
(Huncaga et al. 2020)

T 2AF Aulo] w2 XA S35 RO] 0.6258~
0.892, RMSE”7} 2.40~4.83 m, Bias:e= —3.59~1.93 m&Z 4
ERdthFig 4). 39 S F23e s & =
AR ZH] ZE Zpol7h A YEbgT eale HF R &
X*OV] ol FaAgol v AErt ¥ AT
%S HATKYim ef al. 2023) E3] Vertex= o]# 821
E9 9FOo 7 HLSHT} =& 9382 HQItKTupinamba-
Simdes et al. 2023). ©|&2 QI3 37§19 RAFE F 27140
A= HLSS] "7‘4%\‘0] Vertex®] SEY =4 S84
RoH, IadAes WA 4% ZAos wekE. HLS
& =97k ‘%—‘?—4 FUE FET AFolM= vt
25 mit & $E2 WA é;‘éﬂ% 75‘5}5 UATH
(Huncaga et al. 2020). ©
Hol7} Aol Qe

H
5
LokE, w0 476 #o] BAYT Aoz ﬁ&%,ﬂ_t}.

olsh gol 4u BHS YR FE SEF SuY, AY,
AN, E4 A, A 9RBW oz 24 U FF
9] kg dto} Qx}7} wAYStck(Balenovic et al. 2021,
Sterenczak et al. 2019).

3. ZAL UM ME AR TPl su2FW +19 ZFHY

et Folo] RER| 9] FUAHI Fil= RAF AH]
F 893t Aoz} QITHP > 0.05, Fig 5). Yutdoz
273 E|o| et VertexE 0|85l 7|EY AFHRAL W
AgjAog o uley A7k 183 g "ag 3t
(Ko et al. 2021). T3t ZARRO] T2 @ %19} Y ojlA]
Yol As FAIZ o o glth mEbA 7129 A
AF HPHS §-go] W2 EA|7} QQth(Hyyppi et al. 2020).
J2jv HLSE o83t 4AFdRAF B2 Agu] tufo] ot
z7]8]8o] wol EXTt, RAF AIZH} Q18-S HoF
%o] Hlﬁﬂiﬂl 880 2 o] Uk ET A
2o B3t HE £4 Z2I9HE 0|85 wiEo
ZAAL| T RXM el oA B8 4= Sl 2

4> rlm
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Figure 5. Difference between DBH (cm) and H (m) according to measurement instruments. Vertical lines indicate the
standard error

AE Hask T 4 Aok At @ MY 2R FA
A3 S3 BE ofUet $E, Suw, AL, F9E
A48, 429 5o Tt 4uE e ge 5 9o

E-271A)7F =thRyding et al. 2015).

v. 2 E

[ —

71&9] AHRFAF HHE s FJoFHo|n, g2 AZE
o] AQFH, ThFet MR QIR 4 At WA
HhHo], LiDARE &7 A % AlZE Woll d=9] o
5t ARE AT}H oz FHET 4 9tk LIDARS 3 =
FQl HLSZ FA} AJ7to] a}ﬁd A=t A=t A4
Stal, AR ARto] F7hohd dlolE o] FE2 0&%5111
LARE lofEl X2 Algto] F7kstA Hot webs 2
TolA= HLSO A4 AR AIZEZ 10821 o= UrF%
Wt M, ViR @99 FAA T fals A A
7o) EAFoR 993t ZJol7b YIYthP > 0.05). 17
U HLS&= e W9 S4og FuAHY £1E FA
2ZARF 2 9lo] FRAAT L£TE 77 ZAse 7=
WRHET 380] Eob AFRIRAL Al HiAI7E 7hssir L
TdEY 208 2 Ags AN FPEH AP
FF= ILBoHA] A7l Hoh HEstA AH-ZAR] o
gt HLSS| A& 7FsE A5 fsiAe 718
A7t " gsit

AL 2
B 3= AFA AFA|(2022464B10-2224-0201)9]
A4 ol +PEHASYT
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ABSTRACT : Amid the increasing global concern about climate change, numerous studies have been conducted to estimate forest
carbon storage, which plays a crucial role in achieving carbon neutrality. Understanding the growth trends of tree height and
diameter at breast height (DBH) is essential for enhancing the accuracy of forest carbon storage assessment and prediction. The aim
of this study is to determine whether the relative growth relationship between height and DBH has changed over time. The analysis
was performed on two species each from Korea (Pinus koraiensis and Chamaecyparis obtusa) and Sweden (Populus tremula and
Pinus contorta var. latifolia), using height and DBH measurements from each country’s national forest inventory data. The results
showed that, over the past decade, the expected height for the same DBH (25 cm) in all four species increased by an average of
approximately 1.71 m compared to the past. This indicates that the relative growth relationship between height and DBH of each
species in the forest is changing. Therefore, it is necessary to reflect these changes in the evaluation and prediction of forest carbon

storage, and additional research is needed to identify the causes of these changes.
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I 4, BAGTE A= o] 9loH, 4tgo] Algsh= AU
A B AT DA A 7F AckJung et al., 2022; Na et
al,, 2022). wEbA o3t FE= HAS ARAEAY 4
H2 Aol S85HA E8=, A A A&Z 9l o]&
4 HAE 7]od o UTHKim et al., 2021).

‘S8 (Allometric equation)y> LH7-2] 43} =719
gt B7F 9 S -85H == ==, AEY 4
BAIAE S0 It AAEEREH st B9
e F7oket FEA AMSEAL lth(Lee et al, 2010;
Henry et al., 2011; Vorster et al., 2020). AF39] 39 411
@} F 3727 (Diameter at breast height, DBH)Q] ¥'d H#AS
stofels] Sigt Aok FTAHH S0 5o Q= 54
T Bag 5S¢ 2ok AR o] e
o] F o] A YtH(Vargas-Larreta et al., 2017; Son et al., 2011).
=4 A Ao A = 2yt =8 3o it A
&A1 SIS (Son et al, 2014), ol= AFHY Y&
23 vlo] @ui A S}, ga 4, AHAAHA B
7} 5o &EEFAhKim et al., 2014; Kim et al., 2019; Kim
et al., 2021)

22 ql=o) AagabA} Wslel T girks A7
E°] H11% 3 QItH(Chen et al., 2020; Kim et al., 2023; Xu
et al,, 2022). Xu et al.(2022)2 F=+ BRI A ] o)A
FI-FUAR 8] WIS fofsigle, ol gt
HkE ol FH YRlo] 71wtk Argstlth =
gt oyt A =8 IRl AU, AR, 23 9
AZUFRAE FARE @40l Ueie 20 & QI
TH(Kim et al., 2023). 124t oF2] U} 53 =9 0]
ek ool HslE 22 71eo g2 EARE A9t ¢l
of, ol=|3t ¥ste] E4Z nfetshA] Fshal = Aot

b B ATE Sefubeer Agde) Mg AR

712.0]

o
a2

A} (National Forest Inventory, NFD)E &9 2} =704 &+
7HA] 52 AdAgstaL, olofl dijt =al-gar2 g 7ke] A
WABAS EAst0] Toh ARle) Wt §o} Hohy
wal Hwo| Aol 2 solstis w9tk o2 Fof A
o Aels etk Wk A2de) R WagS welsi,
Fej Al A s 7]ofstaat

1. g1z 2 9

1. 9+1=

B ATE SR A9dY xa 4% B, 247
= ) %S AFslel B Fusidth 7 w19
NFL AR F, A=Y 443 $38 A9 S4sel 7
0 Ans ggsgon, fUs AP
koraiensis; PK)} RSN UE(Chamaecyparis obtusa; CHYE,
A299e G AR (Populus  tremula; PT)®F ZA|E
AUE(Pinus contorta Dougl. var. latifolia Engelm; PC)E
AN eFo® AHsHAt(Table 1, 2). & A4= 2
559 2147 el AdAe wske B
Zo] BHol7] tEol, NFI 24 ZAF F AR,
AR, S HA 5), AP, «7H7] Al 5)
o] HEH A9 AEFES £ ZFobA] sttt
(Table 1, 2). 2u=} NFI AFE= 5%XK2006-20104), 62}
(2011-20154), 72H2016-2020¥1) ZAMOA EESE AR2E
Zgotlon, A4 Ff Syt NFI”F A 717F
o AXstA] ol Z Aol HAl= A9 ARE
A(2003-20074), B(2008-20124), C(2013-2017¢)= &
slol DBE TESlel ¥HE ANSeT. HgHom
36,083(PK: 10,623, CH: 2,735, PT: 7,089, PC: 15,636)79]
RS 284S B8] 258 270 A
ZH(Allometric growthy& 245190, ZF NFI X5 ZF
22 02 24si0) AV1Y W} ZRS B2

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
PK 3660 17.00 6.00 80.00 9.20 10.70 2.50 29.70 4.11
ot CH 761 13.00 6.00 43.00 6.71 8.90 2.60 28.50 3.54
PK 3479 20.00 6.00 82.00 9.43 12.90 2.40 28.70 4.02
ot CH 953 15.00 6.00 41.00 7.12 10.60 3.00 22.50 3.66
PK 3484 21.00 6.00 107.00 9.86 14.30 3.60 39.20 426
7 CH 1021 17.00 6.00 46.00 7.45 11.90 3.00 22.20 3.85

20 ARASHPSSX], H14H K15, 20244
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Table 2. Statistical summary of measured trees at the permanent plots of the A-C national forest inventory in Sweden

. DBH (cm) Height (m)
NFI Species No. of Trees - -
Mean Min. Max. SD Mean Min. Max. SD
A PT 2395 16.40 4.00 70.00 9.62 15.40 230 36.00 5.60
PC 4182 12.20 4.00 44.20 3.74 8.90 1.40 24.00 2.75
B PT 2460 16.60 4.00 72.30 10.30 16.00 2.00 41.30 5.93
PC 5534 12.80 4.00 40.80 3.70 10.10 1.40 19.90 293
c PT 2234 17.80 1.00 79.90 11.29 17.90 1.90 38.20 6.31
PC 5920 13.50 1.00 31.90 3.84 11.40 1.40 21.80 3.00
Table 3. List of equations examined in this study
Equation No. Form References
1 H=12+a(1—¢ *PBH) Richards 1959; Chapman 1961
2 H=12+a(1—¢ "PB) Yang et al. 1978
b
3 H=1.3+ e(“ DA Yuancai and Parresol, 2001
4 H=12+qe *PEH) Stage 1963; Zeide 1989
1
1 g @(PBH=DBH) Y Schnute 1981
— b b AW
5 H=1{12"+(’—12") BB, B chnute
b
6 = 1.9+ ge DBHE Ratkowsky 1990
7 He=1l2+ 7111 ‘ Ratkowsky and Reedy 1986;
(1+5 Y- DBH ©) Huang et al. 1992
2. BN 2Y U A 3. 97 AL Y 1F
538 215057 19 AP BAS HFal] 1) $%4 A% $37-§23% 2Y

) TAC] AarEl 77he) AFEAAl Allometric equation)

&85} tH(Table 3)(Lumbres et al., 2011; Arcangeli et
L 2013). BE APARAL 200 Aels] Sfet
SdveE FNADRTE BEHE M4

FEH= =Hof U

o
=

1A He AR BAS HAASE F, 2484
$RY), HF AFZL 2*HRoot Mean Square Error,
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A Absolute MD, AMD) ZI}E AFEsto] FAZ<
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217} 00 7WRE FE E2E 2F AgdAe s A
goto] FA-FaA WE IAJAE ARESIT &
AAggAle] gt 58 Al FHT B AR
EAA ATEY0|Ql R version 4.2.1(R Project for
Statistical Computing, Vienna, Austria)S 2-835}0] T &35}
.
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Table 4. Parameter estimates for equations in Table 1 by species using Korean national forest inventory. All estimated
parameters were significantly different from zero (p < 0.005)

Parameters Performance Criteria
NFI Species >
Model No. a b c R* RMSE MD AMD
1 18.119 0.056 1.230 0.624 2.521 0.000 1.933
2 17.808 0.032 1.143 0.624 2.521 -0.001 1.934
3 3.020  -11.964 - 0.618 2.541 0.024 1.947
PK 4 29.752 6.663 0.639 0.623 2.524 0.002 1.932
5 0.059 0692  19.104 0.623 2.521 -0.001 1.934
6 24.010 -18.317 3.875 0.624 2.522 0.000 1.932
sth 7 21.589 0.019 1.345 0.624 2,522 0.002 1.932
1 15.473 0.072 1.290 0.565 2.339 0.000 1.706
2 15.072 0.037 1.184 0.565 2.339 0.001 1.706
3 2880  -9.955 - 0.561 2.351 0.013 1.706
CH 4 25.957 6.055 0.647 0.564 2.342 0.000 1.708
5 0.078 0.597 16.447 0.565 2.339 0.000 1.706
6 20.966 -15.133 3.094 0.564 2.341 0.001 1.707
7 18.594 0.023 1.372 0.564 2.340 0.001 1.707
1 20.724 0.046 1.081 0.668 2317 -0.004 1.840
2 20.793 0.038 1.040 0.668 2318 -0.005 1.841
3 3.121 -12.361 - 0.664 2.331 0.017 1.843
PK 4 34.291 6.307 0.600 0.670 2.311 -0.001 1.832
5 0.046 0.906  21.775 0.668 2.318 -0.005 1.841
6 26.304 -18.894 4.288 0.669 2313 -0.001 1.834
7 25.027 0.022 1.243 0.669 2314 -0.004 1.836
ot 1 16.914 0.073 1.420 0.658 2.140 0.000 1.704
2 16.368 0.029 1.253 0.658 2.140 0.000 1.704
3 27.221 7.189 - 0.655 2.149 0.011 1.714
CH 4 27.221 7.189 0.710 0.658 2.142 0.000 1.704
5 0.08 0.476 17.822 0.658 2.140 -0.001 1.704
6 23.132 -15.662 2.605 0.658 2.141 0.000 1.704
7 20.045 0.017 1.465 0.658 2.141 0.000 1.704
1 22.230 0.045 1.096 0.660 2.472 -0.002 1.938
2 22.172 0.036 1.541 0.660 2472 -0.003 1.939
3 3207  -13.173 - 0.656 2.488 0.016 1.950
PK 4 36.539 6.615 0.611 0.661 2.470 0.000 1.935
5 0.045 0.881 23.170 0.660 2472 -0.003 1.939
6 28.632  -20.217 4.699 0.661 2.470 0.000 1.936
7 26.847 0.021 1.255 0.661 2.470 -0.001 1.936
7t 1 17.943 0.076 1.601 0.680 2.176 0.000 1.742
2 17.237 0.021 1.347 0.681 2.174 0.001 1.743
3 3.122 -12.768 - 0.678 0.500 0.010 1.744
CH 4 27.368 8.860 0.792 0.679 2.181 0.002 1.742
5 0.086 0.319  18.763 0.680 0.498 0.000 1.743
6 24.799 -15.998 2.000 0.679 2.180 0.000 1.742
7 20.831 0.012 1.589 0.680 2.178 0.001 1.742

22 AHRASHPSS|X|, H14H K15, 20244
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Table 5. Parameter estimates for equations in Table 1 by species using Swedish national forest inventory. All estimated
parameters were significantly different from zero (p < 0.005)

Parameters Performance Criteria
NFI Species 2

Model No. a b c R RMSE MD AMD
1 27.151 0.042 0.918 0.595 3.567 -0.002 2.725
2 27.518 0.053 0.918 0.595 3.567 -0.003 2.726
3 3316 -10.440 - 0.581 3.630 0.065 2.797
PT 4 - - - - - - -
5 - - - - - - -
6 34.033 -19.470 5.901 0.596 3.566 0.000 2.725
A 7 34.598 0.035 1.075 0.596 3.566 0.000 2.726
1 32.696 0.026 1.098 0.612 1.715 -0.003 1.368
2 32.306 0.019 1.074 0.612 1.715 -0.004 1.368
3 3.006  -11.586 - 0.594 1.755 0.030 1.396
PC 4 - - - - - - -
5 - - - - - - -
6 36.244  -30.517 7.518 0.612 1.716 -0.002 1.369
7 47.067 0.011 1.119 0.612 1.715 -0.003 1.368
1 28.216 0.041 0.901 0.605 3.085 -0.003 1.942
2 28.640 0.054 0.927 0.605 1.371 -0.001 0.384
3 3359  -10.377 - 0.591 3.138 0.042 1.995
PT 4 - - - - - - -
5 - - - - - - -
6 34937  -18.875 5.708 0.605 3.085 -0.001 1.943
B 7 35.745 0.036 1.067 0.605 3.084 -0.002 1.942
1 22.035 0.051 1.233 0.527 2.016 0.001 1.618
2 20.605 0.028 1.180 0.527 2.016 0.001 1.618
3 3.075 -11.323 - 0.516 2.039 0.021 1.645
PC 4 - - - - - - -
5 - - - - - - -
6 32249 24309 6.056 0.527 2.016 0.000 1.619
7 29.990 0.018 1.238 0.527 2.016 0.009 1.619
1 28.646 0.045 0.892 0.655 3.705 -0.002 2.887
2 28.947 0.060 0.926 0.655 3.705 -0.001 2.887
3 3.403 -9.944 - 0.644 3.768 0.082 2.956
PT 4 - - - - - - -
5 - - - - - - -
6 35.058  -16.661 4.887 0.655 3.707 -0.001 2.880
c 7 35.427 0.040 1.084 0.655 3.707 0.004 2.890
1 21.445 0.050 1.049 0.452 2.221 -0.001 1.749
2 21.487 0.044 1.028 0.452 2.221 -0.002 1.749
3 3.056 -9.888 - 0.446 2.232 0.010 1.760
PC 4 - - - - - - -
5 - - - - - - -
6 27.614  -18.257 4.790 0.452 2.221 -0.001 1.749
7 28.926 0.029 1.127 0.452 2.220 -0.002 1.748
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A<l NFI A= B4 Aol Az fARRE it =EE 9
o} PTY % 68 A& o]&sto] F37 25 cmofA
AxEls 3ol A FZHA 1932m, B F7Hof|A
20.10 m, C 7714 2128 m& & 1.96me] Z7}7} &l
E 3k PC 69 4] o]8sto] FZH 25emo A
FEE= £ gol A FZlA 14.01m, B FTHOA
15.07m, C F-7+olA] 15.60 m2 & 1.59 mo] 4= 7|zt
of gigt 77 SIS} Ty R FFA
AlZro] AgesE S Afo|7h Eo EHA Hole
g, PCOl A% 11 7F 60cm ©]FRE] C 713} B
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1X0]

ko] Zpol7k AL gle ACE Y THFigure 1).
FZ 29 AFolM e divtz AFEAA BSE A
A 4 A WekE Hiskal QUt(Chen et al,
2020; Kim et al., 2021; Xu et al,, 2021). 2= B5 I &2
B XA 2000-20101 Bt NFI RARFO|A] =35
JAUTEE(Larix) 5357 ZAE AARS B4 23, &
19 DBHO| g A7} ®¥ota 9low, o3t W=
2%, A5%, §5 59 715 wskel 9y #Riol 9l
L Ao JehdthXu et al, 2021). 3t 7fuct 28
Qo 2H9] Ertd(Boreal forest) 117 A EEHE 30
Azt 2ARE 23, B4 7123 AxE 59 82l wet
U¥Y-4=3-DBH A7} #gt Ao R FRIE UK Chen et
al, 2020). 3tH, U] LAFjETlo|lURE 53 EHAE
(Duke Forest)olA] QA0 =2 CO, =& 243 &}
J%A] g2 A8 H|w 43 A3}, oA 390 2E

E9 AYF(Pinus taeda L.)2] A3o] thZLo| H|3)

A vpol @z F7ko] 20% ol B, A7 A
AR S3 Aol o B JAARAe 24T 3

87} okl AFE ATHKim et al., 2021).
ofAlol Aol A= =Tt oA Y AFE0]
T2 wolt}. =9 AU (Pinus densiflora)?} LE
AT (Cryptomeria japonica) 5 F8 $E& iAoz
S AFtollA, 715 WS}7F =319t DBH @ #A o] 1]
Ae dFol s yegen, 55 2% A5 A
T WS & ¥ A= AR HIHQITHLee et
al., 2022; Nakamura et al., 2023). 8 A gojA= =<
9] TME¥|UYEN(Picea abies)2} AYHS]  AUEH(Pinus
syvestrisys H/do& 3t AFFoA, 7|15 8213t B £
7ol 4119} DBHO| A&l mX= JFs A%
2, 2ro} s Wdrt ol 59 A% Hdo S
3% 9E2 A= AW E=EHATMiller et al,
2023; Johansson et al, 2023). AAZ Zd 202001~
2020)7F A9} f2uEte] AP F7FE 0.055
/T 0377C/d 02 FRIEQ O W (Swedish Meteorological
and Hydrological Institute, 2022; Korea Meteorological
Administration, 2022), °o|&]$t 7|ZHIP} £FE $I-F
A7) A% Eslo] AL SRS 7o) Sl
A A 9 g4 FopoflA By Z]Rke] ulF ofl&
Aqe AEA ARE o 271HE At Aol
 S8stth o|3t RYPolA 7+ $F2] =11-DBH i
g AHO] vlo|euiA 9l Bagk o] F8% &
AR, e st 25 Aol AZHAQ JF=
u| it wEbA, AR HW7E 9 ol o] Hg &
AL 237 S8l a5E =7 1R Ase va &
ol g HIlE S48 o= vigdd de7

—
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Figure 1. The development of the Height-DBH curves over time for major tree species in South Korea and
Sweden. The lines are derived by the optimal developed Height-DBH model for tree species
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Accuracy Assessment of Forest Type and Tree Species
Classification Using Deep Learning Techniques

Woo-Dam Sim' - Sang—-Jin Lee' - Jung—Soo Lee?
'Department of Forest management, Kangwon National University, Chuncheon 24341, Korea
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8 : 2 A= PSS 7Nk R gl HEE E8olo] Y 9 £F BERE FYItE "Eid 2E2 CNN(Convolutional
Neural Network) 7-39] DeeplabV3+ X &7} Transformer 7]HFS] Swin-UnetS 835150, Ho|EA|EL B4R e}l AAIX|49]
Zol wet Dataset AGA'E, F879K), Dataset B7AE, 3R+ E SEolo] A7 A 9 5 £7 FLro
H|A= JFEE B7I6ISith HolHAE #40] T 57 B9k 37 21, dER IolAle VAN AR AR RS
F7HE Z839o) met ERASert FYEGoY, YR 3R IoAe EF YTt A% AAciglr. deid 2d d
ERAYE v AT, S5AIRTY] 79, DeeplabV3+ HEo] A AQEJYATE 7 HE = Swin-UnetZ o85S 3¢ © $5
ok I EF YollAl= Dataset BE E-83F Swin-Uneto] HAIZ=(0A; Overall Accuracy)”| Bt & 75.1%2 7Y =2 4
LS HYoH, £F ERoAE Dataset AS E-83F Swin-Uneto] FAIFSE 712 Bt OF 453%=2 7M =2 oL s Hch

ABSTRACT : This study utilized deep learning models based on satellite imagery to classify forest types and species. The deep
learning models used were the CNN-based DeeplabV3+ and the Transformer-based Swin-Unet. The datasets were prepared to Dataset
A (4 channels, spectral information) and Dataset B (7 channels, spectral information + vegetation indices) by a combination of
spectral information and vegetation indices, and then the impact of vegetation indices on the classification accuracy of forest type
and species segmentation were assessed. The result of classification accuracy based on dataset composition showed that the addition
of vegetation indices to surface reflectance information could improve the accuracy in forest type classification while the accuracy for
tree species segmentation reduced. When comparing the each classification accuracy by used deep learning models, DeeplabV3+
required approximately 10 minutes less for training time, and Swin-Unet showed higher performance in terms of classification
accuracy. In forest type classification, Swin-Unet using Dataset B was estimated at the highest overall accuracy 75.1% whereas

Swin-Unet using Dataset A was assessed at the highest overall accuracy 45.3% in species segmentation.

Key words : Tree Species, Forest Type, Deep Learning, DeeplabV3+, Swin-Transformer
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l. A

r

AFZ EX0 Slo] 71 $8% AJeixtdolH, A
A9 U B AEoRde] Bs9t X wale)
8 FAIskE ol 83 9 Fri(Mohd and
Abd, 2017; Cifuentes-Croquevielle et al., 2020). £3], A
S0 AE AR 9N B} Ae) & 7
At 5 W3l ALFS Hs] olsistA =okEH, o]
L ARRAe B3HoR SYalt o B R40)
TH(Grabska et al., 2019). A AFHAILHE A £ HH
g 720 AL BB AREA )
fou, Aol B Fdo] B Aol
g HE&S 48517 "ol fAFEA 7HE
A7 gebs] A8 = A ok(Kikenbrink et al., 2022).

Z7] YAEA 7S &3 T 7 A A
Sed, ADAYY 59 A==F WHT Random Forest
9} SVM(Support Vector Machine)?} 72 7]|Asks &
718, AR 2Rl 5] o] T-8E|9ickSomers
and Asner, 2014; Lee et al., 2016; Mishra et al., 2018). ©]
g3 HES BGEA, A E, AX e 4 5 &
52 Pl Apate] FpHel WAV asi, A7
AT A, FHAT AEA| Aol 85-Eth(Moisen et
al,, 2016; Franklin and Ahmed, 2018). 3}, 7]A|SHSs 2
7 71 148" EAS 7INeR ShagEEE, EATH
Ao} tioket 27N Uehie 4kl bzt B
A= &3] wtgstr] ofF7] el M= HelEof
gt Gutsl 5o dAHES 7HAAL Urk(Atkinson and

(©)

rE

Tatnall, 1997; Mountrakis et al., 2011). ©|2{5t StAA |
we AARA Jle] 3 ERAME B vmsd
4719 8ol A7l HUW ES|, 20159
ILSVRC(ImageNet  Large Scale Visual = Recognition
Challenge)oll A QI7F] 7 A& 5-10%S A dol
HEe H5S 5ol ResNet HEo] WHEHA, o5& ¢

g 71l otk A7 EEs] JPEQUTHHe et al,
2016). $HAH A1ZT(CNN; Convolutional Neural Network)
7Ike] Held Hd2 S EAS mofshs BFolA
Hold 5= Lotz 5ol AUt Long et al(2015)=
Semantic ~ Segmentatione 3] CNNTRQ  Fully
Convolutional Networks (FCNs)& Aol o, TS
9] FolE2 AUWsHA d&cth=s Bds Estalon, &
7R ded HEo] ASe RS FF Ve HdE
gde] &85 3t} Ronneberger et al(2015)+= U-Net &
42 fddte] 52 ERAHYLE BoH, EF|, Ho]
7} ARl oa JA 4 Bl Hold s
HoJFdot U-Netof| A A|QFsH Skip-Connection -2+ &

30  MUZHHDSISIX, H 14 H15, 202413

49 FZx=2 Q15| AAI3t Contextual Information 9]%]

AR %S 71555l A7 E B mgnd
ol ZgE itk EZF, T o AFEHI Q=

Transformer 7519 d#d L& FE HAYUYS
(Attention MechanismyS £ 94F9] tiofst HES a3}
Moz wotst, WA el We okt o 42l
st %25 7}A 3L Qlth(Zhang et al, 2016; Geng et al.,
2024; Xu et al, 2024). b4, E A5= CNN7|HHY] o
HFA9] 29l DeeplabV3+ X E3} Transformer 7]HHe] o
F2Ql 2d9] Swin- TransformerS E-g&3to] Hajd 2
Jke] O W 5% B ATF Suehn, AU W7t
2 59 528% I Peld nde) $8II54L
woleteict.

b
o
1L

1. AFCHAKX]

AFNIA = Fhe SHA FAEY - FH
(A% 127°47°19.4" ~127°51'57.4" %3745 16.5" ~37°50
44270 AT FAhsta skE=(eF 3,141ha)S dide
= SiQich dddista ShEdo] AEge AEA dis
A PAYYE 7% Ed5Fol AAEHY oF 66.7%=
M "2 Hle= AAsH, JF5=(eF 25.6%), =89
(F 5.6%)co02 Bagith, ddsdoAs 7[eRUEF
(F 44.0%), 7|EFEHS4(QF 31.4%), AZE(QE 20.9%)7F
AA FF5E 1 F 96.3%FE FST on, I
Aol e FAURQF 63.8%), TASCF 21.8%), &t
HEF 133%)7F A AFeE HAY oF 98.9%S AHA]
St Qltt. @7 FAHCEE VIgol A7t A
A9l oF 37.6%% 7MY W WAS AASHH, NI9+&
(SF 3L1%), MYF(EF 173%) «2=2 W BEE HQl
Th(Figure 1).

2. AFLHE

2 AFoA= 4344
Reflectance) o} APAFE 7|¥te® dod 7S
9l A 2 aF ERAEE 5ot A% HUkE
Fgstelct. gad EZE2 CNN7|HHY] tfEA Q] HERl
DeeplabV3+ R E3} Transformer 7|§He] o %0l H-&9|
Swin-Transformer®} Unet 2ES Z3$HSF Swin-Unet 2 &
S R B EE, BHYRG A2
23] et HolHAES FEclel AARS] Ao
HE 2R T ¥ - B} SckFigue 2)

FEHYEARE(SR;  Surface
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Figure 1. Study area

1) "d34d 2499 Ho|fHAE 5

deld 29 golHAEE shsAtaet ASAR, H
2EARRE A5 sy, S, HAE AEe YF
ojm|z|e} 2 olmXE PTG, JF oju]A|E= 2023
H 99 8YUo] #FH PlanetScope A FA0IH, 7]otEA
o] 8% Level2 A& E-851th. PlanetScope 91499
Aol FHAIEE 3melH, 16bit2 7|5H 4719 iyt

A& A H(Red, Green, Blue, NIR)S X3lotal Ut =
AFtolM= Y 2 FFEF oA BHTARE
3 ofje} A4uA4Re 371280 1E BRATE A4
oEE HESH| {8 HHETANE FEE 7|FeE 37}
2] AGAGNDVI, PV, SRS AbEelo] FEMAIE 3
Hep A4 etol whgh 271H4] Hlo] B A| E(Dataset A,
Dataset B)S FAJSIITE Dataset A= HAFA] 4714
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Forest Type Map PlanetScope Satellite Image(3m)
(Korea Forest Service) -R,-G,-B,-NIR
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Construction of Vegetation Index Calculation
Label Image -NDVL - PVL, - SR
)

Construction of Deep Learning Dataset
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Building a Deep Learning Model and Configuring Training Conditions
- DeeplabV3+, - Swin-Unet

)
Training and Validation by Deep Learning Model
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Accuracy Assessment of Deep Learning based
Forest Type and Species Segmentation Map

Figure 2. Research method

#»HNARE AEE IR Z8% HolHAEClH, R o9 gkl sigste 2 olv|A= 4
Dataset B= EHTARE AHO 37| A JA+F F71st T2 ARt olu[R|e}, #FFES AT olvA 2377
of 7719 d AEE 7H dY omAE FAE o 3l RoH, AHF] fiEd FAYLES 7INer F55
ot 2AA]4> % NDVI(Normalized Difference Vegetation Aot 1A A998 AL EE S-S EA, &

Index)= A& T& B X| LAl(Leaf Area Index) 379 7}:‘?7]9} 22 AEAgE 50l 99 A9, A7t A
f890, 9Ea0] U UFEE A A4 Qe B B AGS 3HWES o) RYRA WrET SRS

=)= AR 4=0]chMatsushita et al., 2007). ©]1] XS] Red AT £48E7E eAE FAYSEY dEHEE
JEeL FARM HHE BEsto] AutET 4] 13} o] Raster §4{2] 2h#l oJujxz F5okqinh A YT
HEHAEc} PVI(Perpendicular Vegetation Index)= EF Hj FEYE= AA "HA 1% wHto R BAs= £330
3 BYE sk HAs A9 vt JEE BEY B 7 A, eSS 59 BEE s &
HARE AHo| £2og Fgste] AUlE= A4l 10579 #5457 7159 22 oAz F5stdnt
o Hpo|QujA, FEA P T2 YEH MRS A (Table ).
HAAE BN v 8-8oltty LeA 9 rH(Panda et al., go]E|A|EQ] o|mx] F7] 128x128 Pixel 7|2 A
2010). PVI= 2] 29} Zo] RAHY, a= EYF A9 7= gotion, dgolur] gl 2hd oju|X|E T A7|=
b= EY A9 AAEE duistH & dFolMd= 4 &

7, Foto] eraFEe) oA PEAGt. Ba e
Z+ 0.3, 0.55 A5}t SR(Simple Ratio Index)®= NIR ojnjA= HHAMEY 7|HES EF) AFLPAR L] oF 30%
= Red AR E U0 ALtE = Tegt H*’“OV\]U} 4] Ao sfFsh= oRAE AAstlen, 739 HlER
W 27 9 BEwo] g AuAel wMskFE Ueniyl 27 sieAm, dEAEs Z8sUT dAE Ams

o] )7 Rpe] BE AuEs} BolA: wEe o

2317 95 BY Fejel ojuAm Bakshe THgolA

S s0%e] FHES A8t SERRE & 4579 olo]

NDVI= 1) Az 7asion, 2R 197]9) ojulx], HAER
| BE 2337709 oln|E TS,

)

2o da] AFREI YThA] 3)(Zeng et al, 2022).

I,

( m'r_a’>< re _b)
pyy= Lo 27 Pred @

2
Vi) 2 94 9 +5 ERE 9% g 2d 73
op = Pur 3) QA A = WA AL 99 Semantic Segmentation
Pred 718k9] dEjd 2ES &-85191.9W, CNN(Convolutional
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Table 1. Forest type and species information for study area for generating label images

Unit : ha
Forest Type Map Modified Forest Type Map
Forest Type . .
Species Area Species Area
Pinus densiflora 106.8(3.4%) Pinus densiflora 106.8(3.4%)
Pinus koraiensis 514.0(16.4%) Pinus koraiensis 514.0(16.4%)
Larix kaempferi 175.8(5.6%) Larix kaempferi 175.8(5.6%)
Coniferous Forest Oher Coniferous Trees 1.8(0.1%)
Pinus rigida 3.9(0.1%) .
Oher Coniferous Trees 8.7(0.3%)
Abies holophylla 2.4(0.1%)
Chamaecyparis obtusa 0.5(0.0%)
Quercus mongolica 437.9(13.9%) Quercus mongolica 437.9(13.9%)
Quercus variabilis 68.5(2.2%) Quercus variabilis 68.5(2.2%)
Other Quercus Trees 922.8(29.4%) Other Quercus Trees 922.8(29.4%)
Castanea crenata 0.9(0.0%)
o - N
Deciduous Forest Liriodendron tulipifera 1.1(0.1%)
Betula pendula 4.2(0.1%) .
Other Deciduous Tree 666.2(21.2%)
Populus 2.1(0.1%)
Juglans regia 0.6(0.0%)
Other Deciduous Tree 657.3(20.9%)
Mixed Forest 176.1(5.6%) Mixed Forest 176.1(5.6%)
Un-stocked Forest 64.2(2.0%) Un-stocked Forest 64.2(2.0%)
Total 3,141.1(100.0%) Total 3,141.1(100.0%)

Neural Network)7-% 7|¥F9] thi#ZQl Hd =Hel
DeeplabV3+ M@} Transformer Ig 7]HFe] tiEAQ] &
99l Swin-TransformerS 2-&5}3]c}.

DeeplabV3+ HE-2 Chen et al.(2018)0] 7H&3F H&d
2El2 ASPP(Atrous Spatial Pyramid Pooling)S 2-8-5}0]
dE olmA|9] TRt AAYNA EAPEE FEI=
E4= 7 glen 7|E A Ao wWEH,
DeeplabV3+= 49, AVAA Al SolA 2 A9%
E =&Y 4 Y= AHol Utklee and Lee, 2020).
ASPP= AWHAQl HEFA dFolojet e, IE i
StrideE B9l §l 372 Tl dabsto], 5Yet 9] 1t
gl et Alts FASHHEAE Ao ALFdS |
3]= Aol EXAolt} Figure 3-a2} Z©] DeeplabV3+=
Backbone Networko] 4] &3t EAM-S ASPP G4 &
8 F7HAQ EAAEE 55, HAHOA Low-Level
Sun ASPPE QUi YU Agelo] B8she
FZolt}.  DeeplabV3+2] Backbone Networke= F2
Resnet AlE9] XET} Xception, Mobilenet 59| HEO|
Z8H, APAFE Fxsto] 2 AFolA= Xeeption
2498 Backbone Network® 28513t

Swin-Transformer+= Liu et al.(2021)°] &Jaf 7= 9

MY 2dg 94 EE(Image Classification) F-OFo]A A}
%= ViT(Vision Transformer)S 3t Zdo|th
Swin-Transformer= Stagel-47tA] AZH LZE 7MAH,
Z} FolojE AXWHA HRACw S FES] EANA
AdEe] EJor HARE AP 122 4"
t}. Swin-Transformer®] &8 E73 = sluts A& 7]uk
o Mealog, Hdo| 7} A oA o]sdt=s AEE
o SAWS Aot Self-Attention A4S S5l T
52| BASE ALFSHA Hot o] ZolA o]x9
Arfeo R weo] FHOo R HAYsHA =, o|et A
APEE ALEGS AE0] EolHME BE9] 45 3
Ag} ol= HAlo g A Qlth ghHH, Swin-Transformer
= ViT7|8te] HEol7] wiio] ofmA] WRe] s|x|E7t
o] AHBAY EQYEE 5L 5 AR FET &
AREE & olmx] 7= B 9 & ol2jd A
= 7t9 YAAHEE 7|E3}+= Positional Encoding T4 0|
a5k, CNN F£9] HiEer 22 7|HE Fd ol
A5 EYstojof gttt Cao et al(2022):= ol T A
S12st7] 9ol Swin-Transformer?} Zo] ASH F+2& 7}
A 917y W ¢fFE F2R9] Unet 1} Swin-Transformer
£ A%kt Swin-Unet 2ES 76} th  Swin-Unet2
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segmentation (Chen et al., 2018).

a. DeeplabV3+

(Linear Projection W x H x Class

W x H x C(4%)

Patch Expanding

*|=

woH
16716

Prediction

n
Swin Transformer woH
kx2 Blockx2 16716
Patch Expanding
Decoder

Bottleneck

Swin-Unet: Unet-like pure transformer for medical
image segmentation (Cao et al., 2022).

b. Swin-Unet

Figure 3. Deep learning model for forest type and species classification

Figure 3-b2} Zo] EAZHE FE5t= 4w @ololE
Swin-Transformer7} g5, 2+ A3 EAHS tZH
2 st FYste +2E A= Stk 2 Al
A= DeeplabV3+2} Swin-Unet RS £33 $= 9 JA}
H BERALE 5ot Bdte] ER FYLE v -
B7 sttt

3) €94 249 3y 24 44 € £ F8x 97t

2 AFoAE HolHAES Agqd @ Ad,
770 ) 2714 gded ZE@(DeeplabV3+, Swin-Unet),
BRI £ Teisld Pad 2Ue sl
T st RAS Ao BRARS 7Eale o
olslAlse] WE B WS BAASAT Hehd B
o] w3 2L 2E wdold FUsh Asigen,
gehd muol Qust A BAE S 57 wE ok
stol 8% 9 4% 392 AFaAck Yeid we)
S314Q1 Epoch= 1,0003]2 AAsIoH, Ssas
A5}= Optimizer?} Learning Rate Scheduler= 413§ At

BN

£ #%5to] AdamW Optimizer?} OneCycleLR 7|HS &
3 fEAoR S4gS ZytEs  AFskd

(Loshchilov and Hutter. 2018; Smith and Topin 2019). S+
FFoNA &S Adlsts E484+= Semantic
Segmentation F-0Fof|A] d&g] AME-E 11 Q&= Cross Entropy
71¥& 283 tH(Zhang and Sabuncu, 2018). €2 X
Yo ¥ AUEL sgo] gud WY 2UL Y
FEH =2 T HAE A=z ofu]X|of| 2§50 HAfo]4
71 &l 17} Scene FE|Y EFRAIEE 501, A
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TSR AAA| o] 2l ojmx|eke] BnE 3 FE
L5 Briskith Bk B2 IolA= 2 ojm] x| e}
gEd 7N ERAE 7] dA=E EIsty] fsf &
53 (Confusion Matrix)2 A5}l AA| AHEF(Overall
Accuracy)?} Kappa A4S 5o 2do EF A2 A
FH o F HIISITHRouhi et al., 2015; Huang and Rust,
2018)(4 4, 5, 6). HFE EF A= Ae, FL=
(Precision)?} A& S(RecallyS 7]HFO.E Fl-ScoreE A=
sto] AL=E B7FSHATHA 7, 8, 9).

TP+ TN

Overall Accuracy(OA) = TP+ FP+ TNLFN “4)
appa= 2L )
_( PPN IPEP
Pe =V IPY ENY FP+ IN™ TP+ FN+ FP+ IN 6
(o FPeTV ENYIN ©)

TP+ FN+FP+ 1IN TP+ FN+FP+ 1N

_rp
Precision = TP FP @)
TP
Recall =5 T 0N ®)

2 X Precision X Recall
Precision+ Recall

F, — Score = &)
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B3w o

Ul AlZRE B WEo] ]S NIRo| &S ghoE
BEST WFE ARG B =4 wwzw,
NDVISH SRS FHEAES AT WFEL FARE
2 Byow, PYBAL g ¥ro] ve ke wE
Ak PVIS) A9, eSS B o] u8) e
Hgon] vz Agre AtEl ko gow
stick. A oluz B3 AL odo] FIH
BEAZ] GAol7] WBel] WRZE HHEE 4]
KO3 Aol7h WAYSHA ke Hoz wErElE, U4 °
SEFES SISAL 7] B9 2ol WRY Zo
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(Table 3). A E57 LHoA= BE HH9 AL
7F Hat oF 82% o] FYEE HoloH, A5 FE:
= ohE Ao Hls] oF 10% ol B2 T A
o] ¥hA¥st Tt TAE dAFL o] Atz AUHA|
A HA3} =] 2L HolEo] thet ARkE}; 5ol A
SlEE d4oR, B dyoA &83 S5ART &Y%
of XF= o] 7ol TlojEe E4Fo=E gt I}
Qo] WSt Ao wElth(Das, 2024; Talukder et
al., 2024). olo] w} FF, Ho|EANES] ®MFE Tk
I #S Este] 2Eo] Uwisl 45 ol o
Ao g fE. goHAEd e EF JYE H|wE

2o

Table 2. Spectral characteristics and vegetation index distribution of deep learning training data

Surface Reflectance

Vegetation Index

Categories Area Distribution
Red NIR NDVI PVI SR
Coniferous Forest 24.8% 62+26 2,650+627 0.90+0.02 2,497+593 19.1£3.0
Forest Deciduous Forest 65.9% 57+26 2,912+745 0.91+0.02 2,747+705 20.3£3.2
Type Mixed Forest 5.9% 65+23 2,915+565 0.90:+0.03 2,747+536 19.243.4
Un-stocked Forest 3.5% 98+99 2,623+914 0.85+0.11 2,447+865 15.4+6.4
Pinus densiflora 3.7% 79+24 3,025+606 0.90+0.02 2,848+574 18.1£2.7
Pinus koraiensis 14.6% 65+24 2,684+581 0.90+0.02 2,530+550 19.4£2.7
Larix kaempferi 6.2% 46425 2,352+614 0.90:0.02 2,215+580 18.9£3.6
Oher Coniferous Trees 0.3% 48+26 2,569+380 0.91+0.03 2,423+359 20.5+4.0
. Quercus mongolica 17.4% 63423 3,093+687 0.91+0.02 2,918+651 20.1£3.0
Species Quercus variabilis 2.2% 64+23 2,846+613 0.90+0.02 2,682+580 19.1£2.8
Quercus spp. 26.3% 57425 2,985+756 0.9140.02 2,817+716 20.5+3.1
Other Deciduous Tree 19.9% 52428 2,663+726 0.91+0.02 2,512+686 20.243.5
Mixed Forest 5.9% 65+23 2,915+565 0.90+0.03 2,747+536 19.2£3.4
Un-stocked Forest 3.5% 98+99 2,623+914 0.85+0.11 2,447+865 15.4+6.4
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Table 3. Results of training and validation of deep learning model

. Deep Learning Training Results Validation Results Training Time
Categories Dataset .
Model Accuracy(%) Loss Accuracy(%) Loss (Minutes)
A 85.4+6.7 0.53+0.04 75.8+8.6 0.65+0.06 20.1+0.1
DeeplabV3+
Forest Type B 82.7+6.8 0.54+0.03 74.0+12.1 0.61+0.03 20.540.1
Classification ) A 89.3+3.2 0.52+0.02 68.9+1.9 0.63+0.03 34.4+0.3
Swin-Unet
B 86.2+1.1 0.54+0.01 71.5+1.3 0.61+0.03 35.4+0.5
A 84.443.1 0.60+0.02 37.543.1 1.04+0.05 20.1+0.1
DeeplabV3+
Tree Species B 79.0+6.1 0.66+0.04 36.2+1.8 1.00+0.05 20.30.1
Classification A 91.0£2.3 0.53+0.02 33.841.9 1.18+0.05 34.3+0.2
Swin-Unet
B 87.4+£7.2 0.57+0.06 34.444.0 1.16+0.14 35.1£0.2
* The average values of models trained with 5 repetitions at 1,000 epochs.
T, A TR oA mHTARET ARSE T E2 AYEE HYtH(Table 4). 35 2 45 FAM=
283 Dataset BE 851312 W, Ze HHEOA &7 DeeplabV3+ Hdlo] AF H&: 7|&E 7MY &2 Hgk
BRI} 4% FYBL L 5 YAk WY 2EG S RO AFAR: ATHYA Weld sedas
5 ASe s vudEY, ASHLE 71E DeeplabV3+  ARGEA] G2 19%9] ofu|A|RtE 85| wiEe] 4
299 s} 34% O PRI BEom, s & 2] Kot BAT AoE wHHEch B4 £F Wy
A= 14 o] o AA 2850 a&4o] 3t o= ot 2 A5 tRiVIA 2 2HibAe HH
5% B8 WAL S AT B F 9% o] o] AWASE 1R BEYe] wet BRI
Aol =2 AHIEE Heou HAZAIEL oF 33-37% oF 6% WIE U FEF HEE H AT, Dataset A
2 gmsiel A oy ¥e FAES MGtk £F TE S BEI SwinUneto] Kappa 71F B OF 0.5% 7
= FI3t HolHAIEE I & HolEANES EE, & & w2 Ag=E HAo okg A4S Y Zol, #
g T $Fo] SAs7|ETH= Table 29+ Zo] 107] & FTEF oAM= TR FEES Z8she 2o
T M9 ol oF 1526%2 HIER H|WAH deotA ¢ w2 AEES HA9W  DeeplabVi+ RHETH
sy gek. olo] uet ShaARo] ERPEHE WF  SwinUne©] § %S BF RS Borh Wang o al
b ARS8 AR EREAC] AR 22E (2024):= Transformer’} Hi-f%2 k5 HOJEAECM H
Hol7] wiZo] o5 oA B2 AEEE HlZow 2 AYES HAoal Agsilon, o9k g & <
goEnh HolHAlES e EF A vudd, o TFoMe 4 AR SEAERE E8SHHEol=
g TR e 2, YR XSS o 88T Swin-Unet®] 257 Fe=7t 7MY &4 22350 Choi
A9, BRATEI} A% gastrh ol wel, 44A et al 023)] ATIHE ONN Fxe| el melof
Sl ge S YU BEAUAT BR AFO e s TansfomerS TEIALL W) BF F} A4
Boo] JFS v]A 5 UonE ARge] Fok e glod, ojnx hRY WS BANS 54 Huz
o Zor wddEth ded 2Y 7t ERESEE 4 FE5he Tansformer?] FEHHE 4 2 4% ROl
T I3} o], DeeplabV3+ RO Hemr} 2-4% & BIFC] Ao= ddE.
= AgEE HAoH, shEAa’ARE AHsIlE W & T ERAYE Hudd, I ERoMe 9
g0l Aoz BAEL}, o] Fl-Score7} |t oF 84.1%2 WFE 5 7P &2
Ao E 2oy Wdg £a9Y] A, ZE 2o
3. g2l B9 ¥ 9y U 43 28 FaT 3| oF 3% ofste] e HEE HerkFigwe 5). SAYY
TolM EadEAFTE H EFeHol 25%01F 75%
W& 8 FT 2R A= IS A Swd BES mjnel Qi coetm Holstal glon, SohtES B3
e ERAEE FESIAeH, AR AA = AE 9z 8=} g, Semantic Segmentation 7]Wh

4 olu|z|e} Bl E Fofl HYEE H7FoIY chFigure 4).
29389 ¥ 94 EF HYE 37t A7, Dataset BE
283t Swin-Uneto] Kappa 7|5 Bt 2F 40.8%= 7H
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Table 4. Evaluation of classification map accuracy according to datasets and deep learning models

Forest Type Classification

Tree Species Classification

Deep Learning Model Dataset
OA Kappa OA Kappa
A 54.8+15.5% 23.2+13.3% 20.9+2.0% 10.3£1.2%
DeeplabV3+
B 70.6+0.3% 24.6+2.3% 19.9+4.6% 8.9+£3.1%
) A 73.5£1.6% 34.8+7.2% 45.4+1.2% 30.5+1.7%
Swin-Unet
B 75.1£1.5% 40.8+4.7% 38.1£2.5% 25.442.9%

* The average values of models trained with 5 repetitions at 1,000 epochs.
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Figure 6-a2} Zto] H|AQYS7] Al7]ol= 89tozw QJAk9] A7 @Qtrh(Ballanti et al.., 2016; Digumarti et al.,
2ol oA e] WRo| AT AT ThAZ] & 2019). o]0 Wt FF SRS YRS Eol7] YA
o DU ARt WAT A0 WUEG 4% B b TNE Y B9 U 28, 4yHns 2o 37}

# AUTE YRR A, YL} FiSeore A o Aol Bw B8Ol UAT 0% B 55 LR
63.0%% HEE = 7} =0 HIrE Helon A} A QEEJ} 1A wol dl

Figure 5. Distribution of F1-Score by deep learning models
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& 13 A9 BH9] AP 1233 919 gEFOR| HPS AT 5 e U WA L Wk A5 Fel
7)ofgr 4= gicka ek

ABSTRACT : This study was conducted to analyze the preferences of foresters for the sixth industrialization of forestry and its
economic effects. To this end, a survey was conducted on 200 members of the Korean Forest Management Association, and the
internal rate of return and payback period of capital investment were analyzed for two forestry enterprises undergoing the sixth
industrialization. The results of the study indicate that foresters evaluated the sixth industrialization as being able to contribute to the
creation of high added value and job opportunities, and they showed a very positive intention towards the implementation of the
sixth industrialization in the future. The policy satisfaction of foresters currently implementing the sixth industrialization was average,
mainly due to the burden of initial investment costs and the limitations of institutional support. The economic effects of the sixth
industrialization showed a rate of return (10-12%) more than four times higher than that of traditional silviculture focused on timber
production (0.5-3%). The payback period of capital investment shortened from 30-40 years in timber production to less than 20 years
with the sixth industrialization. Therefore, if the transition from the traditional primary industry-focused management to an integration
of the primary, secondary, and tertiary industries can be realized, it is believed that it could contribute to the development of

forestry and the increase of forester income.

Key words : Sixth industrialization, Integrated forest management, Economic feasibility, Payback period, Internal rate of return
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o}th(Korea Forest Service, 2022). AFHHL 7l A5 =
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Table 1. Survey Questionnaire Structure
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Forestry Promotion Institute, 2023)’0]2}1. A& 4= Qlch
oA Aol Aot WA A AH9] 2/39
oF 66%z, AIE S0l AU 1 B4 A
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dALS2 ks

Section

Content

I. General Respondent Information

Respondents’ gender, age, career, etc.

II. The Sixth Industrialization of Forestry

Respondents’ perception and current status of the sixth
industrialization in forestry

II-a. Production-Centered Forestry (Ist Industry)

Current status of production and forestry direct incomes

1I-b. Processing-Centered Forestry (2nd Industry)

Current status of processing and related incomes

II-c. Tourism and Recreation-Centered Forestry (3rd Industry)

Current status of tourism and recreation programs and related
incomes
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(Internal Rate of Return Method)S &3}ttt 34717
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Table 2. Regulatory Standard Useful Life

Item Useful Life (Years)
Steel Frame Building 40
Wooden Building 20
Temporary Building 10
Machinery 5
o 2 die 4 JAIRRH S AFEEE vl
2 YA BAR7I yReES ALtste] A
4o BASGY. BTG JESIES e B
AE S5 Aliteto ‘:‘Hoﬂ Z-gotqlct. g, H-8EA
o E‘@Q% A7V7Ee] A%, WA Aol whet
EWE&aTE ﬂl*POPﬁi‘:}(Table 2).
. _ Iitial hvestment
Payback Period(n) = Tnmual Cash Flow @)
n q n Rt
= ; @
=o(1+r)" = (1+r)
where,

C, = Total cost in year ¢
R, = Total revenue in year ?
n = Duration of the project

r = Discount rate

. ¢ixZa A a3

1. 6K} AHASt

rol

2 3 UAQI MSE

D $u4 9

AREA A3, % 15890 SEsion B SHA
Lol= 607*11(?7@} 62, Z|¥Igk 65), Bt YAED 3B
g 1399 AoR YePdthFigure 1a). SEAY] AHA] A&

A2 10haof A 30ha F3to] 41%= 7 B2 A2
B YetH(Figure 1b). SEHARES] At 992 14
T migto] tiREOo 2 AA| SHEAY 65%E LB
(Figure 1c), 8 A= ZE PA AHEHo| A9

65%5 T2 A HrHFigure 1d).
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b. Reasons for Positive Preference toward Sixth Industrialization
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Table 3. Financial data of company A (forest recreation) Table 6. Internal rate of return analysis results for
company A (forest recreation)
ltem Amount
(1,000 KRW) o Annual Net Profit Internal Rate of
Annual Average Revenue 180,000 (1,000 KRW) Return (IRR)
Annual Average Costs 36,000 0 -575,500

Taxes Income Tax 48,600 1 68,650 -88%
Civil Engineering Costs 15,000 2 68,650 -59%
Architectural Design Costs 15,000 3 68,650 -38%
Sewage Treatment Facility 45,000 4 68,650 -24%
Initial Restrooms and Shower Facilities 100,000 5 68,650 -15%
Invzsé;lem Cabins (10) 300,000 6 68,650 9%
Deck Sites (15) 75,000 7 68,650 -4%
Electrical Facilities 15,000 8 68,650 -1%
Experience Facilities 10,500 9 68,650 1%
Depreciation Facilities 26,750 10 68,650 3%
20 68,650 10%

Table 4. Financial data of company B (processing) Az ATE T, od Jo] 2:2]o] 1%, 109 o] 3%, 20

I Amount | Aol 10% LAYsH= ZoZ YERGTHTable 6). 3|57
tem

(LOOKRW)  z14 #4 vtz Ao 35ser oF 841d0]

Annual Average Revenue 60,000 4295 Aoz Yehgth
Annual Average Costs 23,000 Table 72 B A9 7 |AEIALE 7HEomjel Ad
Initial Investment Building 180,000 T2 2907 Qlgt AAAY EA AFE HoFrh
Cost Packaging Machine 30,000 HAA D7 ASYAE 7o a] QJEAR BAo| =3
Depreciation Dulldine _ 50 A Ale} TR 8 Ao A7 AT T 0
Packaging Machine 6,500 zlof| 2=0]o] 3%, 10W o] 4%, 208 o 11% YY)

L ow Uegth B8-S a5a] A% Azte
Table 5. Financial data for company B (tour experience 79802 A Ao HF| AFoZ FHL AoF HA

program) ook AY T2 AL 59 Ao AIRE 2%
T & Ak 204 Ao 21% Sogo] WS Ao

e (1,00 KRW)  H4E|9ch FAulgo] slser] 285 717k o

Annual Average Revenue 9,000 47902 et olyst 21t £9oldH B GA= 6

Annual Average Costs 4,500 2} AN 539 8 Ao AL Eo] AR AHIHE T

Taxes Value Added Tax 450 208 Aof 12% $9Eo] 2Aot= AoE BA FQith

Initial Investment Rest Facilities 6,000 3 HFHoE FAFO| IeEsd "Rt 7R
Cost Greenhouse 7,000 7.6¥ 07 ERITE

Depreciation Rest Facilities 600 ode] Ade FTUFEY 2023¢: =H () A4t

Greenhouse 700 5 AT 50891 40.9%(Statistics Korea, 2024), 4=4F
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Table 7. Internal rate of return analysis results for company B (processingt+tour experience program)

Processing Tour Experience Integrated
Year Annual Net Profit Internal Rate of | Annual Net Profit Internal Rate of | Annual Net Profit Internal Rate of
(1,000 KRW) Return (IRR) (1,000 KRW) Return (IRR) (1,000 KRW) Return (IRR)
0 -210,000 -13,000 -223,000
1 26,500 -87% 2,750 -79% 29,250 -87%
2 26,500 -58% 2,750 -42% 29,250 -57%
3 26,500 -36% 2,750 -20% 29,250 -35%
4 26,500 -23% 2,750 -6% 29,250 -22%
5 26,500 -14% 2,750 2% 29,250 -13%
6 26,500 -7% 2,750 7% 29,250 -6%
7 26,500 -3% 2,750 11% 29,250 2%
8 26,500 0% 2,750 13% 29,250 1%
9 26,500 3% 2,750 15% 29,250 3%
10 26,500 4% 2,750 17% 29,250 5%
20 26,500 11% 2,750 21% 29,250 12%
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