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ABSTRACT

The volume of urban street trees is a key indicator reflecting carbon sequestration capacity and structural
growth conditions. However, conventional assessments have limitations as they rely primarily on single growth
indicators such as diameter at breast height (DBH) or tree height (H). This study quantitatively analyzed the
characteristics of volume formation, the relative influence of structuralmetrics, and the distribution patterns of
volume according to DBH growth classes using terrestrial LiDAR (TLS) and airborne LiDAR (ALS) derived
structuralmetrics for urban street trees, The results showed that tree height exhibited relatively low variability,
whereas crown-—related structuralmetrics displayed high variability across all species, indicating that structural
characteristics of urban street trees aremanifested as substantial inter-individual variation in volume and
crown-relatedmetrics.multiple regression analysis revealed that the regressionmodels were statistically significant
for all three species (p < 0.001), and crown area showed the highest standardized coefficient, indicating that it
was themost influential factor in volume formation. In addition, the analysis of volume distribution according to
DBH growth classes showed clear interspecific differences in volume accumulation patterns and distribution
stability. In particular, Ginkgo biloba exhibited a relatively consistent DBH~-volume relationship, whereas Prunus
yedoensis and Platanus occidentalis showed greater inter-individual variability. These findings suggest that the
volume formation of urban street trees ismore strongly influenced by crown structure than by a single growth

indicator, and that the structural drivers of volume formation differ among species.
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Figure 1. Research site
Legend: @ A yedbensis, ® P, occidentalis, G bioba

Table 1. Research site

Species No. Road name Land use type Planted | Age of tree | Total
® Duryu Park Natural Green 1988 | 42 £ 1 year

P, yedoensis | @ Wolgok-ro General Residential 1992 | 41 + 1 year | 254
® | Seongseobuk-ro General industrial 1993 | 40 £ 1 year
@ Seongdang-ro Neighborhood commerdial 1987 | 44 + 1 year
® Seongdang-ro General Residential 1987 | 44 £ 1 year

P. ocdigentalis| ® Wolgok-ro General Residential 1992 | 42 + 1 year | 359
@ Wolgok-ro General Residential/Natural Green 1992 | 42 + 1 year
Jincheon-ro General Residential 1992 | 42 £ 1 year
©® Wolgok-ro General Residential/Natural Green 1992 | 44 + 1 year
Jincheon-ro General Residential 1992 | 44 £ 1 year

G biloba ® Joamnam-ro General Residential 1992 | 44 + 1 year | 298
® Haksanbuk-ro General Residential/Natural Green 1987 | 46 £ 1 year
® Haksanbuk-ro General Residential 1987 | 46 £ 1 year

Total count 9N

32 72 AR I AA £ W
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ﬁ%‘a}om% DJIAF Zenmuse L1-& -85}0] 45 7 725 $HO=R 7t2eEe Z4olSithTable 2 0.

ZAe ot 2ol stk FT LDAR 719 dlolH £ ¢ SEUAE WgE(hups://drone.
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Table 2. LIDAR measurement equipment

Category Terrestrial LIDAR (TLS) Airborne LiDAR (ALS)
Device name LiGrip H120 Zenmuse L1
Device type Ground-based mobile LIDAR Drone-mounted airborme LiDAR (M350 RTK)
Manufacturer GreenValleyInternational DJI + Livox
Sensor type Rotating mechanical LiIDAR LivoxAVIA (non-repetitive scan)
Measurement range Up to 250 m Up to 450 m
Point density Z|t§ 1,200,000 pts/sec 2§ 240,000 pts/sec

Image 2
~No—
Application Measurement of lower tree structure Measurement of upper tree structure

Figure 2. Lidar data collection path and method
Legend: Walking, «-««==++ Vehicle, === Drone
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a. Point doud model using TLS b. Point doud model using ALS

¢. Point doud model using TLS + ALS

Figure 3. Point doud data according to tree measurement method
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Table 3. Descriptive statistics of structural indicators by street tree species

Indicator Species n | Mean| SD Median | Q25 | Q75 | QV (%) Mean * SD
P. yedoensis | 254 | 9.7 1.9 10.0 82 | 109 0.19 9.65 + 1.87

Tree height . .
m P, occigentalis | 359 | 11.8 | 2.0 1.4 |105| 128 | 017 11.84 = 2.01
G biloba 298 | 103 | 1.2 10.3 96 | 1.0 | 012 10.33 = 1.25
Di P, yeavensis | 254 | 357 | 105 354 | 288|422 | 029 3571 £ 10.51
iameter at

breast height | A occidentalis | 359 | 41.6 | 7.9 413 | 365|463 | 019 4158 £ 7.95

(cm) G bioba | 298| 204 | 68 278 | 242|333 023 2940 + 685

P, yedoensis | 254 | 9.4 2.6 10.0 71 | 1.3 027 9.44 + 2.55
P, occidentalis | 359 | 10.1 23 10.1 81 120 | 023 1013 + 2.32

G biloba 298 | 77 1.7 7.6 64 | 88 0.22 7.74 £ 1.72
P, yeavensis | 254 | 67.0 | 31.7 737 | 362|909 | 047 67.01 £ 31.70

Crown diameter

(m)

Crown area . .
r?) P, occidentalis | 359 | 767 | 327 | 739 | 475 |1024| 043 76.68 + 32.75
G. biloba 208 | 439 | 199 | 411 | 284 | 548 | 045 4390 + 19.87
P, yedoensis | 254 | 307.1 | 1796 | 347.3 |1246|430.1| 058 | 307.11 £ 179.58
C |
r°W?mV;)’ "1 B occidentalis | 359 | 427.1 | 2448 | 3746 |2143|6060| 057 | 427.11 + 24480
G biloba 298 | 2025 | 1175 | 180.2 | 1135|2574 | 0.58 | 20246 + 117.52
P, yedoensis | 254 | 29 | 08 28 23| 34| 028 2.89 * 0.81
Crown base ) .
, P, occidertalis | 359 | 37 | 1.0 36 30 | 44 | 026 369 £ 0.98
height (m)
G. biloba 298| 30 | 07 3.1 26 | 35| 024 303 £ 0.72
P, yedoensis | 254 | 08 | 0.2 0.8 07 | 09 | 024 0.82 + 0.20
Stem volume - -
) P, occidentalis | 359 | 1.0 0.3 1.0 08 | 11 0.25 1.02 + 0.26

G biloba 298 | 07 0.1 0.7 06 | 08 0.21 0.69 + 0.15

82 | et=22 SIS A 543 25 (83 234%)
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height, H), §127(diameter at breast height, DBH), $#&7(crown diameter, CD), $HZ(crown area,
CA), 451 (crown volume, CV), A5kx(crown base height, CBH), 47FHm](stem volume, SV)o|™, B, &
THAL, AR AREERQ25-Q75), HEARCV)E Fofl 124 X EAS TUH R Hlwslqlch

WA, FUH)O B FHEUR 9.7m, FHEUT 11.8m, 2T 10.3m= YERteH, HEARCY)E
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o &% IR A BoliE WEAe] v FEa: 4AF(CD)Y] HEAGCV)= 0.22-0.27, $EH2(CA)
£ 043-047, £BRI(CV)E 057-0.582 TAHOR ZTl6l= e Bt E3] 43 s BE £E04
7FY =2 |sASE Usilol, A 7 24 #apt 7R 24 Uehe AER SRIFEH. ol EA] 7teS
o] 3 digdo] F7k 27, el Lk, 9 Qlmet M T iRt 3 4919] ks EFHoR Hidths X
A EAYS AARITE Aot (CBH)Y] B2 FEUF 29m, YHEHT 3.7m, 23UF 3.0m= Ueptom, ¥
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T A 7R AR =2 HEE4E Usilo] &A] 724l 24 odAds Bt wiztsHA whedsks S A
H= UL o2t At kA 71R4e] FRAFVL A% [l wet fiE o] Adolghe Kol

N

c45

4.2 7124 23 WY I Fl B4

B o 458 HARA P40 9 viake 12RARS] A 7dng AHor ww-HSs] ¥
Slo] TRl ARAS AXSIT E45HSE Ao r Ay, Egdas STA(CA), $3HA7ACD), 4
I(H), F2A73(DBH), ASUCBHE Egtetgict. 47Hm 9 fpiitmls Hafae] 4 a4 sigsio] +
zHog & WS FAIluR FEsolA Alfsignt. Ha 7 At e BEsAAR(R)E T
=2 "lwsigon, 344 ofs BAA(VIDE 549 ARSIt $5E d5efrge] Hezs 2%t 4
oA £F BT 23S EAZoR GO5ItHp < 0.001). ZHZAAARA. RHE 0.930-0.960 HZ Yeht
TFEAT} AA o] RE-S AYehe Zog UehitHTable 4 FX).

STl o] 7H w2 BESM(A = 1465, p C 0.00DF HERHo] A G4l 71 2 93
T e alos SRIHGH. sile FOlRt AW FFE EALH(B = 0.192, p € 0.00D), 2 o]
A S71f Hxalog rlofsie 128 uEht S 20)9] ARz fOsIdoH(p = -0.636, p <
0.001), eraze] FAldo] FOKVIF ~ 23) F5 siiol= ARle] ot 1878 SAR = folskA] ¢
keH(B = 0.009, p = 0.637), FHFFME FUAZBES ¢ 172 Q<l0] A ol o Aoz 2%
she Acs Ueith Astile folt 5009 FFe HACH(B = -0.042, p = 0.023), FL 58 TxdolA]
S ARE Eolt ma s E7) Sh SAF0l Aashs el Widd 29 PEtk(Table 5 ¥2).

4.2.2 YHELIR TR B 291 4
FHEUWTOME s zo] M w2 RESPATE el A4 F4 M 2 9F= vAE 29
0

o7 ZRILGIHB = 1.072, p € 0.001). 2= ot H(+)Q] P Hlom(p = 0.246, p < 0.00D),
Table 4. Goodness-of-fit statistics for species-specific multiple regression models
Spedies n Adj.R? F prvalue RMSE
P. yeavensis 254 0.930 678.52 { 0.001 46.80
P. ocddentalis 359 0.941 1,140.85 { 0.001 59.04
G. biloba 298 0.960 1,415.10 { 0.001 2338
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Table 5. Multiple regression results for total volume of Aunus yedoensis

Indicator B SE B t p-value VIF

Crown area () 8.303 0.452 1.465 18.351 { 0.001 232

Crown diameter (m) -44.847 5.598 -0.636 -8.012 { 0.001 22.98

Tree height (m) 18.424 2.090 0.192 8.813 { 0.001 1.72

Diameter at breast height (cm) |  0.157 0334 0.009 0.47 0.637 1.38

Crown base height (m) -9.267 4.057 -0.042 -2.284 0.023 1.23
FUIRET thh B JPUS Uepith SBAAL 39 AT Al vebrork(s = 0320,
p < 0.001), FEEAR ] FHFo] EOHVIF =~ 24-26) 594 A7} sfiol= 47} s79d. 14
A2 ot A0 G EAHHB = 0.072, p € 0.00D), ¢ # Axo] Hlo] 7|oqEs F2 oF
olltt. Astal HA] frofgt H()9f FFE HAPLH(B = -0.058, p < 0.001), s SHF AlZF =l A

1o :Io

= 740] Qo] A} HRISIITHTable 6 22

.u_

4.2.3 2T AA e

4 20l B4
&

ST SBRH] 7K S BEANB = 0.64, p C000DE Lkl 44 Fo] 72 89l0
2 Uehdth 4TS ot Ao 92 BEOR(g = 0176, p < 0.00D), 4 SHE 797} A4 Z7H
SRHOE Jlofele A0E Ukt ol T U GEUTA Lkt $()9) Arret Helsl Aol

ok FuAA T3 g5t A(+)9] A Bow(f = 0.163, p € 0.001), FuAA o] A

SR

o AAPS IS Sk Sopigont A dgele ARHOIRES = 0084 p < 0.00D),
FZ(VIF € 5= et

ofal= 57411*i FOSHA ATHB = -0.014, p = 0.233). FAGL 7r o= w2

bhj-(’]“ab ]-1)

43 7124 §TAZ(DBH)E A £Z S4

B 140]]/\15 _/F&tﬂ _g 74(DBH) I:H_r.oﬂ ]I}E 7].§_r ] H;q YT % Hx

= ZZEAE S DBH 5 telME Al 2t 950l wet AdolshAl Lehd o

Table 6. Multiple regression results for total volume of Alatanus ocdiaentalis

5o], DBH Z7lo] wt
AAe] F4l 7t S 2ol ofgA| Mslel=AlE H|wstazt stk DBH= 4394 D) tEck: F4 A%
ek olol DBH %5
Bt A3 @ SR, ARESHEAIQRE THOE R B8 At 458 A §4 o] Aolg A

Indicator B SE B t p-value VIF
Crown area () 8.014 0.490 1.072 16.369 {0.001 25.96
Crown diameter (m) -33.734 6.606 -0.320 -5.107 ( 0.001 2374
Tree height (m) 29.955 2.031 0.246 14.747 { 0.001 1.67
Diameter at breast height (cm) |  2.219 0.470 0.072 4722 {0.001 1.41
Crown base height (m) -14.524 3.300 -0.058 -4.401 { 0.001 1.05
Table 7. Multiple regression results for total volume of Ginkgo biloba
Indicator B SE B t p-value VIF
Crown area () 3815 0.153 0.644 24.862 { 0.001 4.95
Crown diameter (m) 12.020 1.750 0.176 6.867 { 0.001 485
Tree height (m) 7.8%4 1.356 0.084 5.821 { 0.001 1.53
Diameter at breast height (cm) |  2.805 0.320 0.163 877 { 0.001 2.55
Crown base height (m) -2.309 1.933 -0.014 -1.195 0.233 1.03
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oL, 45-50cm % 11 ol Tl B Aol A DBH s SAtebAL v eht, Bt 1)
7k 3A7F %5 g el SIS Table 8 )

FuA7gE QY B EAJS AmEE, DBH 25-30cm 2 30-35cm KtolA] IQRo] Z¥2} 270.29t 24442

=) Stejslglon], 35-40cm FHIIAE IQRO] U312 & 25 SABIITE ol $4% olF o 5
o) DBH Woll &3 WIS 7 A 2 Sol ) e okt iz 72> 45m)elAE 1QRe]

Adoz 37 veht,
cHFigure 4 ).
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4.3.2 YHELE S0214H A B EN

FHEUT= DBH 3710l w2t Bt Ajdle] AhoR Frlels A3s HAo D% TR el B
A fZo] A SeEiglet DBH 20-25cm 2 25-30em 7 B RS 247t 192,13} 215,58 ek
on], o}F DBH 45-50cm % 55-60cm A= Bat AfEle] 55637 753002 3741 Z7kstglon}, DBH
55em op lelAle Wt Afzle] 2 DBH WFHrh WA UehdtiTable 9 2.

FuAAE A4 B EAC DBH 35-40cm 2 40—45cm F7elA IQRo] 242F 272,49} 323.98 A S

H3lom, S0em oV MR IQRO] =2 e frAleIH. ole Y&l DBH 3710 w2t B+t A

140] _2_7}3}.1:_

Aol vebdeE

AT W, AT 02 24 5 DBH W5 W A4 R Zo] 2 sl S4ol 5

HoZErKFgure 5 ¥%).

Table 8. DBH-class-based volume distribution of Arunus yeaoensis

Species DBHdass | n | Mean | SD | Median | Min Max Q25 Q75 IGR
(20 18 | 987 75.7 74.8 31.2 340.7 55.3 103.7 484
20-25 25 | 1354 | 931 115.2 22.0 399.7 70.9 204.5 133.6
25-30 34 | 251.8 | 160.1 153.8 64.1 521.8 114.6 384.8 270.2
30-35 46 | 2868 | 145.2 3421 48.4 580.0 143.2 387.6 244.4
Pruus 35-40 47 | 3580 | 158.2 396.4 759 655.4 194.1 437.3 2431
yedoensis 40-45 44 | 4185 | 1763 4234 101.6 7771 342.6 507.4 164.7
45-50 21 | 413 | 1211 490.8 58.3 597.1 361.8 517.2 155.4
50-55 10 | 4123 | 1345 3934 136.0 641.9 369.7 481.9 112.2
55-60 5 13506 | 2231 3391 63.0 582.3 210.8 557.8 347.0
> 60 4 | 2287 | 1769 2189 75.5 401.6 76.5 3711 294.6
800 S
700 T
— 600 T .
£ 50 T
_§ 400 T — = -1
= 300 ° I \\\
© 20 3 ] =
100 T L _L - . ° i
’ <20 2025 25730 3035 35740 40745 45750 50-55 5560 260
(n=18) (n=25) (n=34) (n=46) (n=47) (n=44) (n=21) (n=10) (n=5) (n=4)

Figure 4. DBH-class-based volume distribution of Prunus yedoensis
Legend: —— Mean
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Table 9. DBH-class-based volume distribution of Platanus occidentalis

Species DBHdass | n | Mean | SD | Median | Min Max Q25 Q75 IGR
20-25 6 | 1921 | 1342 | 1271 123.1 461.0 125.5 173.9 483
25-30 16 | 2155 | 758 195.3 139.6 4171 166.5 219.0 52.5
30-35 51 | 2474 | 1047 | 199.2 81.6 609.5 172.6 309.1 136.5
35-40 82 | 3475 | 191.3 | 297.7 9.8 840.8 201.6 474.0 2724
40-45 97 | 430.2 | 1953 | 4184 944 | 1,027.7 | 2833 607.2 3239
45-50 61 | 5563 | 200.7 | 560.7 1920 | 1,311.2 | 437.2 658.7 2215
50-55 24 | 7155 | 3125 | 717.0 94.0 1,652.6 | 563.6 8524 288.8
55-60 17 | 753.0 | 2889 | 697.0 187.8 | 1,3783 | 5823 845.3 263.0
2 60 5 1469.0 | 146.2 | 5163 306.6 640.9 3271 554.0 226.9

Platanus
ocaiagentalis
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Total Volume (m3)
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8 8 8
s 8 8
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3
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e

o

20-25 25-30 30-35 35-40 40-45 45-50 50-55 55-60 260
(n=6) (n=16) (n=51) (n=82) (n=97) (n=61) (n=24) (n=17) (n=5)

Figure 5. DBH-class-based volume distribution of Platanus occigentalis
Legend: —e— Mean
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Table 10. DBH-class-based volume distribution of Ginkgo biloba

Species DBHdass | n | Mean | SD | Median | Min Max Q25 Q75 IGR
20-25 87 | 1141 | 494 | 105.0 353 304.1 82.3 134.6 52.3
25-30 98 | 163.8 | 587 1721 429 3371 125.3 202.8 774
30-35 55 | 250.7 | 786 | 251.2 62.5 490.5 193.8 284.9 9.1
35-40 32 | 2864 | 935 | 2805 98.5 483.3 242.6 332.2 89.6
40-45 16 | 4155 | 70.3 | 4158 306.7 567.4 370.8 4514 80.6
45-50 9 | 4938 | 1247 | 5150 319.0 642.7 397.1 606.9 209.7
50-55 1 508.4 - 508.4 508.4 508.4 508.4 508.4 0.0

Ginkgo
biloba

86 | eh=22 SIS A 543 25 (83 234%)
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Figure 6. DBH-class-based volume distribution of Ginkgo biloba
Legend: —e— Mean
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trunk—based segmentation 7|5
(GreenValley International, 2023).
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