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ABSTRACT

Wetlands occupy only about 5-8% of the Earth’s surface, but they function as key carbon sinks that
play an important role in mitigating climate change. However, quantitative evaluations of the structural
characteristics and carbon sequestration functions of Sa/ix spp. forests in wetlands, which have high
carbon storage potential, are limited both domestically and internationally. This study aims to identify
the relationship between tree height and diameter at breast height (DBH) of wetland Sal/ix spp. forests
and to estimate and verify non-destructive carbon storage by integrating UAV Laser Scanning (ULS)
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and Mobile Laser Scanning (MLS). The study site is the Ungok Wetland Salix spp. forest (2.92 ha),
dominated by Salix spp. DBH was obtained using MLS (1,625.7 pts'm2), and tree height was obtained
using ULS (637.45 pts'm2). A total of 98 individual trees were analyzed by integrating structural variables.
The relative growth equation derived from the ULS-MLS fusion was expressed as DBH = 0.0008 x
H?-?753 (R?* = 0.551), and the estimated carbon storage of the Ungok Wetland (28.37 tC/ha) showed
a similar level to the national forest inventory (NFI) average for Sa/ix spp. forests (29.13 tC/ha). Although
the mean DBH of the Ungok Wetland (17.38 cm) was smaller than that of the NFI (24.89 cm), the
maximum height in the Ungok Wetland (17.97 m) was higher than that of the NFI (15.60 m). The
average height of the tallest 50% of individuals was greater in the Ungok Wetland (12.32 m) than
in the NFI (9.38 m), indicating a slender growth form characterized by enhanced height growth. Despite
such morphological differences, the consistency of carbon storage was due to the compensatory effect
of height growth for the limitation in diameter growth. However, the lack of spatial diversity in the
Salix spp. forest samples remains a limitation. In the future, it is necessary to verify the universality
and predictive power of the model for inland wetland Sa/ix spp. forests that include large trees with
heights over 15 m.
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Forest structure analysis
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Figure 1. Study site in the Ungok Wetland
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Table 1. Summary of data collection for MLS, ULS, Field survey

tlolE FF ol 454 Ao Hgas
MLS Kaarta Stencil 2-32 25-03-15 1625.7 pts m™2
DIJI Zenmuse L2 637.45 pts m? |
ULS (DJI Matrice 300 RTK) 250515 HPIE 130 m
Field survey Wt 478 (20%20 m) 25-05-15
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[ Acquiring LiDAR dataset and field survey ‘
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Preprocessing Lidar data
1. Co - registration
2. Nomalization
3. Noise filtering

I

Tree detection & segmentaion

I

1. DBH & Height Extraction
2. Derivation of Height-DBH Allometric Relationship —
3. Estimation of Tree Density, Biomass, and Carbon Storage

—

Validation and Comparison with NFI and Previous Studies

¥
20x20
quadrat (4)

Validation
DBH

( Tree density, Carbon storage, Biol . Mean DBH, Max height, Top 50% mean height)

Figure 2. Workflow of Research
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(Table 2).
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U e Fo FAFoR
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ULS H|°]E]+= Canopy Height Model(CHM)
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5 Hlaste] Brlsiith 1 23 W
ULS/Field ®A]&2 0.83-1.39 “4—.4"" H3o
Lol 4 HEGRYY O TEs 23
oz Qe AA7} -4 ﬂg T ?\l% 5
Hkd &k A 3}o|th(Hamraz, Contreras et al.
2017). ol HAlE WEe S 9
oA Local Maxima ®W2jo] ¥tz o Hol&
Wy 2D ARAoI, AT $AR BAE
o] °F 90% ©°l%, dte=ol 60%7HA] FaxstA
W} (Hamraz, Contreras et al. 2017), =& 53 3
B ZAqA g4 AaLo] 036067 FELE
Astdtte  AddT A= dA g
(Sparks and Smith 2021). Wb £ Aol A
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(Below-Ground Biomass, BGB)= BGB = AGB x
043 o] #A S o]&ste] F7 513! th(Penman,
Gytarsky et al. 2003). % H}o| Qw2 (Total
Biomass)= 7t 71#9] AGBS} BGBE &hs}o]
ekl o, gHAA] A e(Carbon Storage) %
ko] Quj 2of] B SHAIF 0475 Fote] ALt
3} ChPenman, Gytarsky et al. 2003). ©] & &3}
ULS-MLS &% 7|Wto 2 Ab=d 7HAE ghai
& doleAle] F5H A

HEHOR 292 ha Y& oz &9
A B4 = (Tree/ha), vho] @ A %(t/ha), &
2AFHCha)ys &SI, 4 wET
(20x20 m) AFZEAF A3o} Hlmste] A
T AlEde A5

Table 2. Allometric equation applied for carbon stock
estimation (Salix chaenomeloides)

Biomass = a + (D2H)b

Plant organ

Stem 24.537 x (D*H)0.929
Branch 6.8373 x (D?H)0.7233
Leaf 8.6146 x (DZH)0.7239
Flower 0.812 x (D?H)0.7209

7. 28 23 Y Hlw &M

ULS-MLS §3& 7|9toz AgH 252
HEUTY F2 8 g 243s 4
a7 9lall, =7MFE AR 2AKNational Forest
Inventory, NFI)ol] E3d wj=u} w3319
N AR Ak vla w42 Pkt
(Yang, Zhou et al. 2023). 8 HE2E B
S (Tree density), 3 & 3127 (DBH), <
I(Max height), 39 50% HF51L(Top 50%
mean height), Hlo] Qg AR Y FS A
%) 3} th(Anderson, Lockaby et al. 2013, Brede,
Terryn et al. 2022). 5 ©|°]E] ko] o4 =}
ol & EF3}sl7] 913l Z-score HTIE LD
%12 (Clark, Hakkenberg et al. 2025), ©] S &
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Figure 3. Correlation between tree height and DBH of
Salix spp.

% 9859] HEUR JIAIE td o2 ULS9
MLSE 333t & Fu-Fu27 3t 43 A
£ EEoth obxgtolo] 2705 A AT 967
tlolefellA #F 3]|H24] DBH = 0.0008 x
Height? 2.2 JElyith % 7§41 52 DBH %
A —0.171mT -0.195m= JEhton, ole
A EE9 DBH A #3xoA 2bzd A
% 1.5XIQRE Hlojd o] A & sActy]o] £A4]
A AQlstdtt. Bde] AAAFR)E 0.742,
AR ARY)E 0.551, RMSEE 0.050 mZ &
I=len, ULS 7|8k 42317} MLS 7|9+ DBH
& BAACE ol 44 #AE 7= A
o2 HZHUKFigure 3, Table 3).

Table 3. Regression model in height and DBH

Equation R?
DBH = 0.0008 x Height**™ 0.551
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TreelD | TreelD 2 TreelD 3
DBH = 0.13 m, Height (P95) =743 m DBH = 0,13 m, Height (F95) = 10.99 m DBH =0.13 m, Height (P95) = 12,12 m

pos s pas
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Figure 6. Comparison of standardized (z-score) ecological structure and carbon indicators between the Ungok
Salix spp. Community forest and NFI Sa/ix spp. community plots
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Table 4. Tree density, carbon stock, and biomass of Salix
koreensis community in the Ungok Wetland

Tree density Carbon storage Biomass
(Treefha) (tC/ha) (t/ha)
A 560 28.37 60.38
W 581.25 £ 68.84 45.16 + 13.27 88.54 +29.70

3. &A| HHELIF EtAX A2 DEo| Bl
THFA HEUTE AAE dder +
ULS-MLS &3 7|9 etxx A 24 »
ANE, 7P HIAFS ZAKNF) O] F8 %
S (Salix koreensis) ®ET-(197) < ¥
A THTable 4). 4 LZE EIF5A 560
Tree/ha NFI 555.8 Tree/ha™ 72| FAlRE =5

S Btk $AAAFE F454] 28.37 tC/ha,
NFI 29.13 tC/ha 38+ A8 25 Bt} u}
o] ouj gk w3t Z+7} 6,377 t/ha(3)<} 61.98
tha(NFD)Z, F A9 7t & Aol B2 A &

otk Hit FuHAE E354] 17.38 cm, NFI
2489 cm® NFI7} tha Egkom A4
247} 17.97 m(&3) ¢ 15.60 m(NFI) 2 &2<57]
7} 237 m =7 Ve 49 50% B
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& Hof, $3FAY ASH 72 dddo] T F
215} th(Figure 6).
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$3GA MEGRY NFI HEUR 3
FE Bg UEs Bhulel el AGFE
FAR £EE BG o, A Fe Tl

A FElek ko] 7t FRlE A 3
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