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ABSTRACT

It is important to measure the height of trees as an essential element for assessing the forest health
in urban areas. Therefore, an automated method that can measure the height of individual tree as a
three-dimensional forest information is needed in an extensive and dense forest. Since airborne LiDAR
dataset is easy to analyze the tree height(z-coordinate) of forests, studies on individual tree height
measurement could be performed as an assessment forest health. Especially in urban forests, that
adversely affected by habitat fragmentation and isolation. So this study was analyzed to measure the
height of individual trees for assessing the urban forests health, Furthermore to identify environmental
factors that affect forest growth. The survey was conducted in the Mt. Bongseo located in Seobuk-gu.
Cheonan-si(Middle Chungcheong Province). We segment the individual trees on coniferous by

automatic method using the airborne LiDAR dataset of the two periods (year of 2016 and 2017) and
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to find out individual tree growth. Segmentation of individual trees was performed by using the

watershed algorithm and the local maximum, and the tree growth was determined by the difference

of the tree height according to the two periods. After we clarify the relationship between the

environmental factors affecting the tree growth. The tree growth of Mt. Bongseo was about 20cm for

a year, and it was analyzed to be lower than 23.9cm/year of the growth of the dominant species, Pinus

rigida. This may have an adverse effect on the growth of isolated urban forests. It also determined

different trees growth according to age, diameter and density class in the stock map, effective soil

depth and drainage grade in the soil map. There was a statistically significant positive correlation

between the distance to the road and the solar radiation as an environmental factor affecting the tree

growth. Since there is less correlation, it is necessary to determine other influencing factors affecting

tree growth in urban forests besides anthropogenic influences. This study is the first data for the

analysis of segmentation and the growth of the individual tree, and it can be used as a scientific data

of the urban forest health assessment and management.

Key Words : Airborne LiDAR data -

Watershed Segmentation Algorithm
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Figure 1. Location of study area, Mt. Bongseo Mt
Cheonan si. Chungcheongnam-do. Main
survey area is designated by white solid line
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Figure 3. (a) : Result of segmentation using Watershed segment algorithm in the Mt. Bongseo. Comparison
site of two segmentation methods is designated by white square box. (b) is result by using
Watershed segment algorithm, (c) is result by using supervised Imagery classification.
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Table 1. Comparison of the average height value and growth quantity in two periods of CHM, lateral and vertical

growth, vertical growth only

(m) (Canopy EI;:;“ Model) Vertical and lateral growth lateral growth
Year 2016 2017 2016 2017 2016 2017
Average height 10.63 10.95 16.23 16.56 16.23 16.56
Growth 032 033 040"
" Extracted from the height value of Vertical and lateral growth considering lateral growth
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Table 2. Growth quantity of differences in forest type class(age, diameter, density) and Soil Characteristics(effective

soil depth, Soil drain)

Forest type Class

Soil Characteristics

Growth . . effective . .+t
(m) Age Diameter Density- sol depth* Soil drain
il m N 1 2  low med high 1 2 3 2 3 4 5
Mean 046 042 039 042 039 036 045 04 034 039 04 04 043 047 042
STDEV. 023 025 025 025 025 025 025 024 0.6 025 026 027 023 026 025
Mean F=0.55 t=3.39** F=0.12 F=14.52%** F=0.06
Difference
**¥p < 0.001 **p < 0.01 *p<0.05
In effective soil depth class 1 : under 20cm, 2 : 20~50cm, 3 : 50~100cm
" In Soil drain class 2 : Bad, 3 : slightly bad, 4 : good, 5 : very good
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Table 3. Correlation between individual tree growth and environmental factor affecting the tree growth

Dis;;(’)‘:g ©  TWI  Soil drain f(fiflecc;:;h Slope Altitude Rasd‘i’;‘iron
Growth  0.076"** 0.012 -0.009 0.006 0011 0013 0057
54520001 **p <001 *p<0.05
A77F desith ZAES g7 o9, BEE 5 oty & At 2 EGEA ] di AT
Ho gkt 3 WSl A8 4 glen AR Z fFou|dt Aol & FlskA] Kt
2 94 BAE 89l o SAE +uAF AT ol hEAe Adst SHRRY QATE

o2
o
tlo
N
N7
rr
ko
ro
M o
%)
12
ol
ol
N
o H
o,
-
>
N

odk

ol
o

S o Ho
N
2 X
=k =
o2
ofl
ol
g 4
rlo
18 r
M
[o *
>
o o fe
e

3
rr
e
3
8 %
o ] = SR

N
12
:Jd
X
2
¥
o
n
Jo lo
i
rlo
f J@
I
Lo LTI A A S, VI )

W

12
g TE [p F
tlo )
XU
oo

o
e
s
_OL

et

4
ol
o

KON
I
W T
nE]l-r(G -IF'-'
T
5

4> 8 o
ez x oo fo Mm KT sy o

=
2
Rorr e

ol 2
oft X

ol
:og
=
__)&l
B
)

o gy lo o4 g
1o
N
)

ol\

o
SE)

PRSI

ko
o
i
i

S
5 &
< e
g Lo
gy
e RIOodo aot
Jio;m
_‘ﬂloz"-f).,
igﬁ_'
ST
o M
ro=
ooz %
1;024“22;;
éoﬁr‘o
Hl—EHJ
o
e
o

v
B
2
o
e
N
(o
hu
.
a
o
Ay rlo

2ATHKim, 2003; Park, 1993; Park et al, 2017).
ey 2 AT e 1 E FEEA S
& el7ltav s FE6te A7,
EREECES
=3e] P2 getele Ao] LT EF B
Lo oglehgel a3

got & F et slch.
& A7l e @S58l A A F e LIDAR
Hlo|Bl & Abgslo] Adake hetelletl, =0
A A E F20l g A HSol A
%ot 2 AL Aek gk F A7 ElolEe] Y
= zpolelld eaph wAE & gle 7ol 3
oh U 7 A171€] LiDAR Flo|Ele] o] #he
HAsl7] AAsted Al GAE e AR S
3l £o] 22 Bk sllnh 3 10eme 2817
= A B ES 5 MAE 23
Hl-ggote] S SHEatat shitk o] %

MAE FE2RG AN e A3 HAY et d

& A ofn

P

fr



10 449 - AA% - 597 -

49e - A8 - BO5

2=} o= LiDAR Hlo[H ] HUr=rt 747}
6.4points/ni 7.0points/nt O = FE-0] Fnx]HE vt
g3A HEole 292, ¢ =& dEx9 LiDAR
Hlolel 7} asheh SAMEA W FREAE) &
& AR P 5 Bdoz 8

¥ LiDAR ©l°]Ele] 7% 84

g A4
ofof gtk TEEE F A7) HlolEe] U= 2jo]o]
WA = 9l eafl] tig TR 5 H A
o= glotd F g} glrk 12{u} LiDAR dlo[E| ¢}
F27gA478, 7 HlelHE 28sto] 7159 7&*}
Oﬂ”‘ﬂoi —r72§ ?—l T NG Fast A
on UGt A el A

AR F 50 &84 5 9l& Aol ddd
o A= ggle] HEARE B 52 W
B Hoh A stepsted, A See] A
g Ao /\]-E_E]T/]- el Aol Ay
2€ A2 duyng pag
{ot=d 482 + 2

(]

fo 1o
M

|
o

JHE =

2 =X
= U E"“F

nAE eES ¥
AL o9 Fue ndeAES FItd
AT WA Te1e} g T4l
= A AREA ATl ofelE AT lellA]
WA e B o e 9]
B H7E R He7t 7he e Al

References

Ayrey, E.-S. Fraver. -J. A. Kershaw. - L. S.
- D. Hayes. *+ A. R. Weiskittel and B.
E. Roth. 2017. Layer Stacking: A Novel
Algorithm  for

Kenefic.

Individual Forest Tree

Segmentation from LiDAR Point Clouds.
Canadian Journal of Remote Sensing. 43(1)
: 16-27

Beven, K. J and M. J. Kirkby. 1979. A physically
based variable contributing area model of ba-
sin hydrology. Hydrologic Science Bulletin.
24(1) : 43-69

Chen, Q. - D. Baldocchi. * P. Gong and M. Kelly.
2006. Isolating individual trees in a savanna
woodland using smallfootprint LiDAR data.
Photogramm. Eng. Remote Sens. 72(8) : 923
-932.

Cho, W. S.-Y. J. Lee and Y. S. Jwa. 2003.
Automatic Extraction of Building using Aerial
Photo and Airborne LiDAR Data. Korean
Journal of Remote Sensing. 19(4) : 307-317.
(in Korean)

Choi, H. J. 2018. Estimation of the Urban Forest

LiDAR

Dataset Seoul National University Master

Growth Using Multi-temporal

Thesis. (in korean)

Choi, . Y. - S. Y. Kim. - H. M. Kim. - W. K. Son
g.*J. Y. Lee. - W. T. Choi. - G. S. Moon.
2018. Analysis of Individual Tree Change
Using Aerial Photograph in Deforested area
Before and After Road Construction. J.
Korean Env. Res. Tech. 21(4) : 65-73. (in ko-
rean)

Clark, N. E. - R. Lovell. - B. W. Wheeler - S. L.
Higgins - M. H. Depledge and K. Norris.
2014. Biodiversity, cultural pathways, and hu-
man health: a framework. Trends Ecol Evol
29(4) : 198-204

Hopkinson, C. - L. Chasmer and R. J. Hall. 2008.
The uncertainty in conifer plantation growth

LiDAR

datasets. Remote Sensing of Environment.

112(3) : 1168-1180.

prediction from multi-temporal



G571 &3 LiDARE 283 =AY /HAS FaddEs] 11

Jang, A. J-K. Y. Yu Y. I. Kim and B. K. Lee.
2006. Estimation of Individual Tree and Tree
Height using Color Aerial Photograph and
LiDAR Data. Korean Journal of Remote
Sesnsing. 22(6) : 543-551. (in korean)

Kim, D. Y Y. W. Jang - Y. W. Choi - D. S. Baei
and G. S. Cho. 2009. A Study on Forest
Information Extraction using Airborne
LiDAR Data. Korean Society of Civil
Engineers Conference. Journal of cadastre and
land informatix. 46(1) : 87-100. (in korean)

Kim. D. Y. 2010. Utilizing Airborne LiDAR to
extract forest information. ChonBuK National
University Master Thesis. (in korean)

Kim, D. Y Y. W. Choi-G. S. Lee. and G. S.
Cho. 2016. Extracting Individual Number and
Height of Tree using Airborne LiDAR Data.
Journal of Cadastre & Land Informatix. 46(1)
: 87-100

Kim, H. S. 2003. A Study for the Comparison
about the Growth Amountof Principal Kinds
of Trees between the Urban Forest and the
Natural Forest. Seoul university Master thesis.
(in korean)

Lee, C. H.-D. S. Choi.-S. W. Lee. -E. Y. Kim.
- H. O. Jin. -J. H. Jeong. -C. Y. Lee and
J. S. Oh. 2004. Growth and Photosynthetic
rate of Pinus koraiensis and Pinus rigida in
Banwol Industrial Region. J. Kor. For. En.
23(1) : 19-25. (in korean)

Lefsky, M. A. - W. B. Cohen and T. A. Spies.
2002. An evaluation of alternate remote sens-
ing products for forest inventory, monitoring,
and mapping of Douglas-fir forests in western
Oregon. Canadian Journal of Forest Reaserch.
31(1) = 78-87

Ma, Q. - Y. Su and Q. Guo. 2017. Comparison

of Canopy Cover Estimations From Airborne

LiDAR, Aerial Imagery, and Satellite
Imagery. IEEE Journal of Selected Topics
in Applied Earth Observations and Remote
Sensing. 10(9) : 4225-4236

Mahoney, C.:H. Chris. * N. Kijun and E. V.
Gorsel. 2017. Estimating Canopy Gap
Fraction Using ICESat GLAS within
Australian Forest Ecosystems.
sensing. 9(1) : 59

National Institute of Forest Science. 2007. pitch

Remote

pine(Pinus rigida) management plan.

National Institute of Forest Science. 2016. Timber
Biomass and Forest Harvest Report

Nelson, R. F. - R. G. Oderwald and T. G. Gregoire.
1997. Separating the ground and airborne la-
ser sampling phases to estimate tropical forest
basal area, volume, and biomass. Remote
Sensing of Environment. 60(3) : 311-326

Korhonen, L. - I. Korpela. - J. Heiskanen and M.
Maltamo. 2011. Airborne discrete-return
LiDAR data in the estimation of vertical can-
opy cover, angular canopy closure and leaf
area index. Remote Sensing of Environment.
115(4): 1065-1080.

Norman, J. M. and G. S. Campbell. 1989. Canopy
structure. Plant Physiological Ecology: Field
methods and instrumentation : 301-325

Palenichka, R. * F. Doyon - A. Lakhssassi and M.
B. Zaremba. 2013. Multi-scale segmentation
of forest areas and tree detection in LiDAR
images by the attentive vision method. IEEE
J. 6(3) : 1313 -1323.

Park, G. C. 1993. Relation of the physico-chemical
properties of forest soil to site indices of Pinus
koraiensis, Larix leptolepis, Pinus densiflora
and Pinus densiflora for. erecta stands.
Doctor’s thesis, Gyeongsang Univ. (in kore-

an)



4

M
ofy

12 144 - 39

N

rlo

A g - BAS

Park, S. G. + S. H. Hong and C. J. Oh. 2017. A
Study on Correlation Between the Growth
of Korean Red Pine and Location
Environment in Temple Forests in
Jeollanam-do, Korea. Korean J. Environ.
Ecol. 31(4) : 409-419. (in korean)

Sung, W. G. - D. G. Lee and Y. H. Kim. 2018.
Analyzing Difference of Urban Forest Edge
Vegetation Condition by Land Cover Types
Using Spatio-temporal Data Fusion Method.
J. Environ. Impact Assess. 27(3): 279-290.
(in korean)

Vepakomma, U. - B. St-Onge and D. Kneeshaw.
2008. Spatially explicit characterization of
boreal forest gap dynamics using multi-tem-
poral LiDAR data. Remote Sensing of
Environment. 112(5) : 2326-2340.

Vepakomma, U - B. St-Onge and D. Kneeshaw.

2011. Response of a boreal forest to canopy

opening: Assessing vertical and lateral tree
growth with multi-temporal LiDAR data.
Ecological Applications. 21(1) : 99-121.

Vincent, L. and P. Soille. 1991. Watersheds in

digital spaces: an ecient algorithm based on
immersion simulations. IEEE PAMI. 13(6)
: 583-598.

Woo, C. S - 1. S. Yoon - J. I. Shin and K. S.

Lee. 2007. Automatic Extraction of Individual
Tree Height in Mountainous Forest Using
Airborne LiDAR Data. Korean Society of
Forest Science. 96(3): 251-258. (in korean)

Zhao, K and S. Popescu. 2009. LiDAR-based map-

ping of leaf area index and its use for validat-
ing GLOBCARBONSatellite LAI product in
a temperate forest of the southern USA.
Remote Sensing of Environment. 113(8) :
1628-1645





