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Abstract: Forests are increasingly valuable as climate change intensifies, and their conservation management requires
comprehensive spatial information on the species composition, stand age distribution, structural characteristics, and
carbon storage. Recent studies have employed machine learning-based spatial analyses for plot-based forest surveys
across broad regions, but the effectiveness of this approach in South Korea remains understudied. We applied a plot
imputation approach using random forests to create a high-resolution tree-level forest map of the Jiri Mountain. We
standardized and integrated forest survey data from the Korea Forest Service, Korea National Park Research Institute,
and Seoul National University Nambu Forest and then built seven models for evaluation. Each model identified
sample points with similar vegetation attributes (class, height, and diameter) across the study area. We trained the
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models using a reference dataset of vegetation and environmental variables and then assigned sample points
throughout the study area based on target datasets including a forest-type map and environmental data on climate,
topography, and location to generate a raster map at a 100 m x 100 m resolution. When applied to a single-institution
dataset, the models tended to over- or under-estimate certain vegetation attributes likely due to survey biases.
Integrating all three datasets resulted in a more balanced view of overall forest patterns and yielded the highest
reproduction accuracy. The developed framework generates raster maps with unique plot identifiers to enable users
to access plot details and create thematic maps for the species distribution, forest structure, and carbon storage.
However, uneven distribution of the survey points may cause local losses of accuracy. Balanced forest surveys are
crucial for capturing details about rare or specialized ecosystems. Standardizing survey protocols across institutions
and carefully examining the differences in each dataset will be crucial to enhancing both the data quality and

modeling applications of the framework.

Key words: forest mapping, forest type map, machine learning, national forest inventory, random forests
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Figure 1. Elevation in the study area, Jiri Mountain, and plot
locations of three forest surveys.
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1) =2} F (reference data) # 2] gdeagdor BFEsHok dE= ZF 29 A4 374
AzA 72 ATAF L7PAFIRFY ZAKNFI, national forest QEol B £ E 7|FEOE 0~15 m, 1521 m, 21 m ©]AF
inventory), 2019 #2459 T LAAZAKNPRS, o 371 W2 BRIt e 459 FadEe &
national park resource survey) ¥ A&ty HH &Y AE(6~18 cm), S HE(18~30 cm), T F 530 cm o]AH L
(SNUF, Seoul National University Nambu Forest) A} A} 2 FESE o, FauHA vjgo] 7P =& 548 T
£ 0]-88t(Table 1, Table 2). F 1117 Ao 4] FoFATE 24 =AY HES VIS0 R 7%, A, §A
1015, 12,9007]1A]f| #et 2At& 7} =R = Ak 2AF 914, s B4 AEE FUiet HF F2ARE LSS
WA A= %, gL, FAAAS 3EAo R 285t (Table 2).
L, o5 HIgeR oY, d=iL BHe Btk A JYshr] AsiAe AR, AR, =
P S 7E S AU, T, 29, ApHA gl Zkg T 5 0P SHoA Aol Al 71e]
AGrd, AZEagd o= heglon, A4k 294 A2E A A FEehs Am A o] S8
T A (Quercus mongolicays: W53 b2 Tk NFI Am= Aol 2223t 224 F Aid=d54
EEE 9o Y RS 4 e sAd= ZBAZFE 500 m ool Q= 34715 =Skt NFIS]
AU, U, 71E 29, A9 Y §L 4719 Ry os A Hexdgs S0 AT
S E] HlEo] 75% o)/l gl sigstH, U A= A shte] FEHOo R Hgshalon, A FEEFo] A
Table 1. Three sources of forest survey reference data.
Survey Name Source Surveyed Periods ~ Number of Plots Plot Size Sampling Method
The Seventh 0.16 ha Systematic
National Forest  Korea Forest Service 2016~2020 34 (Circular subplots, sampling
Inventory 0.04 ha x 4) (4 km x 4 km)
The Fourth National Korea National Park 0.04 ha Spatial balanced
Park Resource . 2019 40 .
s, Research Institute (20 x 20 m) sampling
urvey
The Third Seoul National 0.1 ha Cluster
Permanent Plots  University Nambu 2018~2019 37 : .
(20 x 50 m) sampling
Survey Forest

Table 2. Predictor variables for reference (forest survey plots) and target (raster) data.

Category Variable Source for reference data

Source for target data

. For
Vegetation class orest surveys

(NFI, NPRS, SNUF)

National Institute of Forest Science,
Forest type map (1:5,000)

Vegetation Height class ” ”
Diameter class ” ”
. . . Korea Meteorological Administration,
Maximum temperature  Overlay of plot location with MK-PRISM MK-PRISM v.2.1
. Minimum temperature ” "
Climate L
Precipitation " ”
Photosynthetic active Overlay of plot location with Solar resource Korea Meteorological Administration,
radiation (PAR) map Solar resource map
. NASA Shuttle Radar Topography Mission NASA Shuttle Radar Topography Mission
Elevation (DEM) (SRTM) (SRTM)
Topographic Slope Derived from DEM Derived from DEM
Aspect " "
. Forest surveys .
Location Latitude (NFI, NPRS, SNUF) Center of 100 m grid cell for raster files

Longitude

VA

VA
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Table 3. Seven models and their reference data sources.

Model Reference data source

Model 1 NFI
Model 2 NPRS
Model 3 SNUF
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Model 7 NFI+NPRS+SNUF
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Ao Y T

1. X214 HG0f| #2H &2

DEREEES N R EN SRR
g 7709 AgAE AA A =7 AAE] Itk Table 4). 23
49F W3 72 dR EEHS T HolAl Al en,
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o 47} grja oz

AN AR} ] o
Pa‘ni*k A2} 0‘“54 17 &2 ARbE o2 wgko
m{(Table 5), o] sk o] e mw
Wk Hefd mlaoA= 94, o
Z¥ZYy 34.2%, 42.3%, 46.8%°]3%1 011, Xé,

Table 5. Reference data (Forest surveys) vs. target data (Forest
type map). Point-to-point compares each pixel on a one-to-one
basis, whereas point-to-area applies a 3x3 neighborhood tolerance.

Variable Point-to-point (%) Point-to-area (%)
Vegetation class 342 61.8
Height class 423 57.7
Diameter class 46.8 55.9

Table 4. Summary of the number of plots used and the imputed cell counts per plot for models 1 to 7. The percentages are relative

to the total vegetated areas (75,858 cells).

Imputed cell counts per plot

Model Number of plots used
Mean+SD Minimum Maximum

Model 1 34 2,231.7 £ 2,513.1 36 (0.0%) 8,529 (11.2%)
Model 2 40 1,897.0 + 2,166.3 90 (0.1%) 8,700 (11.5%)
Model 3 37 2,050.8 + 2,315.8 62 (0.1%) 7,371 (9.7%)
Model 4 73 1,025.4 + 1,528.3 0 (0.0%) 6,469 (8.5%)
Model 5 71 1,084.0 + 1,595.3 10 (0.0%) 8,133 (10.7%)
Model 6 77 985.4 + 1,528.7 1 (0.0%) 7,666 (10.1%)
Model 7 109 709.1 + 1,117.4 0 (0.0%) 5,725 (7.5%)
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b ke AAgel €el F S AolthChoi et al,  olfeh AR wY o Aake] FIHH BIE sfelof)
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Table 6. Model predictions vs. target data (Forest type map).

2) dA=ol digt Y s S

F1 score
mRe QgEe] gt A5 s Fl A= Bt Model Vegetation class Height class Diameter class
A}, Al 713e) ARE BE AP 13 70] 2/40.66), Model 1 0.45 0.55 0.53
FEI081), BH(0.65) HFolA 7P S 52 B Model 2 0.57 0.58 0.41
t(Table 6). 1Y A -] 9 AAS SNUF & 9] Model 3 0.34 0.75 0.61
034, YEIT= NFI 239 055, 432 NPRS H&9o] 0412 Model 4 0.64 0.68 0.59
teht, © AR 59 el Prkguuie o5 *3—3—94 Model 5 048 0.64 0.62
o7} Qe HojZzrl AukA o R Ty | s B35 1t Model 6 0.56 0.77 0.63
o) wiel Az o] Wl 7} W] o o] gogpe),  Model 7 066 081 0.65

(a) Vegetation class

M2 : NPRS M3 SNUF
DR 3 = 2

Coniferous
Mixed
Broadleaved
Oak

Q. mongolica

>21m

15-21m

0-15m

(c) Diameter class
Forest Type yap (target)
BTN 0 B

M1 : NFI

> 30cm

18-30cm

6-18cm

Figure 2. Forest attribute maps derived from the target image (Forest type map) and outputs from models 1 to 7: (a) Vegetation
class, (b) height class, and (c) diameter class.



192 BEILMARRIZ2EEE

FoAE 24} AR EAo] BakEIo] YA} AR
e o] YeERFTHYoccoz et al,, 2001; Zipkin and Saunders,
018, BUAST AT Yyl T Aag
NFI= J2Ea3, NPRSE FUHEe, SNUFE 294

S z)gjAake] 2@ QJAro 2 o =319t} NFIQF NPRS E?%]
At e A7) F9lo] BEsh 2059e et

[o

g o

flo rr
N
X7

i 2 o
2
Kog
30 o
o
=
<l
rf
i
oﬁ
!
i)
ol
rlo ul
k]
N
fu)
jat)
1A
4>
il
é

[

l
rfol
fol
o
M
%
et
oflt
flo
T
~ o2
o Jy
o
%4 o
&
| 2
e
ox
ok
I ¥R oflt

o, NPRS ®3o] Y=l 7Y AR HE2E =&
. o] 3t 2}o]= NPRS ZA}7} 398~1,680 m 2] 713
o 3% WoloA ZaE vk, SNUFE 622~1,350 m
Agtd 1 W] AlES YFH o2 2ARE A2
A=t NFI= 481~1,477 m @] %= HEJo) A SaE9o
L, ddtol] 284 34 7 2AAAE 5 6 77 A A=y
A A Lol Yx|sto] AR ] At 9 Yl ek
AE o 233 o] JFS ujxl AoR gebdrt
(Figure 1).

O
-

1o gt 2 [0 rlo & o

41

)

(a) Vegetation class

A1147 A235 (2025)

HE R G mlsiA AU, v, A
s vES i FAshL FdeHd JEEaES
Ihof g3t ith(Figure 3). o] AtollA= WS BT
o AR FadHA veS 7[R A%t o
AEe R FTFEY o WA vles ol gtk =
&oe AABHA Foke v BheE vles §1L
dids 7o r & u g g4 AdtE ddE 9
Sk 7129 Apolz QI eAE AAds] AsiAe, B
A EARIA =l Aottt ARE vefsiAY 7E
A2 2 HE ‘r_’ HHE FAE 4 lofoF ik

ot
4
- .
&
H

AET19] 2, NPRS =32 15~21 m
P 21 m ol Wele] A4 Bl & B FATG
NFI 232 Aol ulma fARE S =2t
2 wyo] WLy} £S48 YRS WA o2 A
9o, NFI 23 AXeld o e Jung o
o] )l sick(Figure 2). AFol K= NI 230) &
AT M-S YA S &L 2 Ao W, NPRS
2UE LAEI PR GOl LF D 3% G

w7

i

i
o
)
x L
HE
i..
lo 4
Lo
_>|~1_,
"
&0
i
J
_\g
4>
k1
Ay
ox
o

3 AEA AR g 2Y A 0F
E Y ERAelA 5y ol Aot A2} 4
= 7o) A& W A A 7)o A4RE BE

5
- 40000 O
CICJ 40 g
57 Psimem ol e |,
Q. mongolica Broadleaved Mixed Coniferous Data source

(b) Height class Forest Type Map
o M1 : NFI
5057 60 40000 ¢y M2 : NPRS
e - 20000 2 M3 : SNUF
g 20 Z I = 2 M4 : NFI+NPRS
a o i M5 : NFI+SNUF

L &l M6 : NPRS+SNUF

(c) Diameter class M7 : NFI+NPRS+SNUF
@
O 80 - 60000
© ]
2 - 40000 &
© 40 | c
2 20 e . 20000 2
2% = B L

6-18cm 18-30cm > 30cm

Figure 3. (a) Vegetation, (b) height, and (c) diameter distributions: Forest type map (target) vs. predictions for models 1 to
7 with percentages (left axis) and counts (right axis). Missing classes were assigned a count of 1.
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AYT B 70| AWA AA o] 1 BUTKTable 7). 2 WA Holrt U AL FAF & Ytk
AAY, AE, AF oA HdlE 61.3%, 62.2%, 63.1% (Roberts et al., 2017). wa}A], AFH AL THA o A HE] F7F
9 Y 82.9%, 793%, 75.7%9) UX S V1ESTy. A EE BEE 79 QU Sushs Hee] Fashe, my
ool AR Wy FoAL NPRS Hajo] WE Wk b EWOWE Chest A Aol ofEsllnt 7lehe
A 94t A4S Bk Tet QedEe] v wes 24 WS mAs: @S Axck drkMorison,
2 wao] vXE gfafel AXLE, EEY 47h W 2016). T Ay malselAi A oS AR ohet
NPRS 427 Bkl A] §elahe QAxslok Shck SNUF  Jeizbzel chopilst A8 81 BE7h 344 23t
Bge 9 Aofol 24 AL WYSlo] e w2 WAE FRE FHOR MeAT et ek
ARl Y 42 ATl olelgol sisiet

shgrol AGE ERPMY UNSS W WA A 4) Ao At A By A4
U0 R 613% ol4Y] £5S Byoh ARe A HEFHom AAHE BYS A Jwe] 24 ARE BE
A EEA Tt AR e %@m ACiTable 8. Tl AR 29 12, QS HUEA A2 14 Aol
Ai B AR go] 76.5% oo HEE Eokoth sl BE AEsod AR o3 A2 mdtk
ofe] 42E AYTSS 54 A hat FXH 0% (Table 6, Table 7). T/ 7 AR HFL 7|18 4R 5
st woldth %t Aes BEsh AA Aol A Aol QAlEe] AN Bae} 4k TAZ oA
i o5 Sele GAEA A AEAl o] B8 o o Eshs o) Zlofstarh @, shgol o] g3 HEH
3 gL TR S Wold 5 e ouldk olg  ofXe] XA 2ol eak K 4 Glrhs Hell A
B AV T RSB Y R A g s felsier 2

Table 7. Model prediction vs. reference data (forest surveys) at 111 entire plots. Point-to-point compares each pixel on a one-to-one
basis, whereas point-to-area applies a 3x3 neighborhood tolerance.

Point-to-point (%) Point-to-area (%)

Model Vegetation Height Diameter Vegetation Height Diameter

class class class class class class
Model 1 36.0 36.9 37.8 61.3 60.4 55.0
Model 2 55.0 55.9 49.5 77.5 67.6 72.1
Model 3 27.0 423 39.6 54.1 67.6 67.6
Model 4 55.0 62.2 61.3 79.3 73.9 78.4
Model 5 333 40.5 333 55.9 71.2 68.5
Model 6 55.9 55.0 50.5 72.1 717.5 74.8
Model 7 61.3 62.2 63.1 82.9 79.3 75.7

Table 8. Model prediction vs. reference data (forest surveys) at training plots. Point-to-point compares each pixel on a one-to-one
basis, whereas point-to-area applies a 3x3 neighborhood tolerance.

Point-to-point (%) Point-to-area (%)

Model N Vegetation Height Diameter Vegetation Height Diameter

class class class class class class
Model 1 34 76.5 91.2 85.3 94.1 100.0 94.1
Model 2 40 87.5 80.0 82.5 92.5 87.5 92.5
Model 3 37 86.5 78.4 78.4 91.9 86.5 83.8
Model 4 74 70.3 70.3 70.3 87.8 83.8 82.4
Model 5 71 80.3 78.9 71.8 93.0 88.7 81.7
Model 6 77 66.2 67.5 62.3 88.3 79.2 76.6

Model 7 111 61.3 62.2 63.1 82.9 79.3 75.7
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" Pinus densiflora
I Quercus serrata

| Larix keempferii

B Abies koreana
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-‘ . Carpinus Iaxiﬂora

. Alnus incana subsp. hirsuta
. Cornus controversa

'- ‘ . m .
l...‘_.,! i - 1R . Fraxinus chiisanensis

Figure 4. Map of the dominant species in Jiri Mountain National Park derived from the best model, showing 15 species

out of 101, with the legend sorted by dominant area.
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