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Application of LiDAR for Measuring Individual Trees
and Forest Stands
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Abstract : Location, height and clear-length of individual tree can be measured directly by LiDAR Remote
Sensing, and dbh(diameter at breast height) can be estimated indirectly by tree height measured by LiDAR. In
addition, stand volume and stand biomass are computed from estimated growth factors. In this study, each
estimated growth factor was compared to the field measurements to validate accuracy. The coefficient of
determination of total tree heights was 0.66 for total trees, 0.68 for Pinus koraiensis, 0.66 for Larix leptolepis
and 0.60 for Quercus spp. The coefficient of determination of clear-length was 0.79 for total trees, 0.73 for
Pinus koraiensis, 0.79 for Larix leptolepis, 0.68 for Quercus spp. The coefficient of determination of dbh
predicted was 0.73 for Pinus koraiensis, 0.73 for Larix leptolepis and 0.85 for Quercus spp. Moreover The
coefficient of determination of basal area was 0.82 for Pinus koraiensis, 0.92 for Larix leptolepis and 0.95 for
Quercus spp. Biomass per ha computed by growth factor using LIDAR was 40,306 dm/ha for Pinus koraiensis,
94,150 tdm/ha for Larix leptolepis and 94,481 tdm/ha for Quercus spp. by species.
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2] B} 2] % ¥ 29 (Digital Elevation Model; DEM)
S A& g Ut A7 BT S EE tha Ho
AT A B2 &5l ©Js] DEME A2 &= Slth. 2
i} olE g B 02 DEME A 23] fsiM s F71H3
QA ARI7E Hosh Wk oluet 91439 A= 2HE
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F714<] v]go] g Ent et 7|Ee YA gA Bt
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ok 75 HAo 2 334 dolHE 4SS gl
AE 7HAE AR 2y AF golAE WAkEle] 1
WIAbEES FHESHE 559 W49 LIDAR AlA = 3o
AEAREE SAHE WY ol ol He A PR EA
g4 e S AV Ith(Wulder 5, 2003). R4
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45 & o Urk(Lefsky 5, 2002). 3t LIDARE ©]8-3}]
MAE] 3 2 7] 2988 248 4 A (Aldred
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Figure 1. Study area.
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Figure 3. Digital aerial photograph.
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Figure 4. Forest survey using LiDAR and digital aerial
photograph.
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Figure 5. Classified pulses of LIDAR.
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Figure 6. Estimated height of tree by DSMmax and DSM,,,.
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X% Fl(Fitness Index)E ©]-8-3t] 7535151 om 449 A
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3) LIDARE ©]8-3 J&A 4 4 Biomass 4+
o)

#A(salt and
pepper effect)”} A $TH(Cho 5, 2003). ¥ AollA=
H-&%9 4719 (segment based classification)S ©]-8-3}o T

Table 1. DBH-Height curve functions(Sit 5, 1994).

Table 2. Fit statistics for evaluating performance of DBH-H
Function.

Statistics Equation
" A2 2
Fitness Index(FI) FI= Z(Yi— N AY-1
i=1
i A2
Mean Square Error(MSE) MSE = Z Y=Yy A(n-m)

i=1

n : number of observation
m : number of parameter used in the estimation
Y. : observed diameter, ¥ : predicted diameter

AL FZAK Y] FFEFE TSt (Figure 7). =72
Aee BRAEE T3 Prisida, AEHA

g dARE o] W

A Ak ol Tﬂ(ﬁ%yﬂrw
11:} Z}\]_O] E )
T Aahed 2| 5haL =71 _4 AL 243 oS
AR YA ) YBESE gk R AR 5104
s

A A 22 High Vegetation

0‘1

No. Function Name Function
1 Combined Exponential and Power Function DBH=q - H* -
2 Power Function DBH=a -H
3 Exponential Function I DBH=a - ¥
4 Exponential Function I DBH=q - &7
b
5 Exponential Function IT1 o
Xp ial Func DBH=a -
6 Exponential Function IV DBH=q - &

DBH : Diameter at Breast Height (m)
H : Height of tree(cm)
a, b, ¢ : Parameters
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Figure 7. Segmented imagery using digital aerial photograph.

Canopy Volume

Total Volume

Clear Length Volume

CLV=O-8 T ( Lz)é;()fl )2 CL ..................... (Fq 1)

CLYV: Clear Length Volume(m')
CL: Clear Length(m)
LEH: Diameter at Breast Height(cm)

Figure 8. Volume calculation.
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< 313 7 e FuE e v FEE A
= Bylo) gto 7 A AHE A 4 At o
ArcGIS 8.39] ArcInfo Workstation ©]-8-3}31

End area= %

(Eq. 2)

[ : The base lenth of triangle
h : Height of triangle

Volume = End area XH (Eq. 3)

H : Height of TINs
TINA S A2 A Folghz,, )3 A 4
k= 715 Folzk(Base value)oll 2lsiA] A4 B tH(ESRI,
1997) 718 Eolgke] Hdl EolgtEth AA HH AF
2 00] Wk E@ /)3 golge] 7, 8} A Fo
9 A Ho] T, HaXE i TeEEg B a7
NAE 718 Eolzke 092 shel A 4L AN
(Figure 9).

(3) Biomass 574

Biomass® F4 k= A& T2 F3 A A} I8 o)
8-3to] AFE3le W Biomass 7782 (Eq. 4)3 LT

]— — ‘—Ii—- =
o] A AL o] g3l AEdhe Ui Biomass T84 (Eq. 5)

o] AthATFH 5, 1998).

Y=a-D'-H (Eq. 4)

a . parameter

D : DBH

H : Height of tree

Y=4 -B -C (Eq. 5)

A : stant volume (km®)

B : oven-dry gravity (tdm/m’)

C : parameter

e Biomass 5442 1473 a5 o] &3t
BiomassE F4sl7] Wj&o] 2ot G&gt 345 st
F8-3h, Q1% Biomasst= AUA L DOZ A9
BiomassE Z=Asl=d §L-8A4 AM-ET o 538
ZFA 74> Table 33+ ZoHHFE 5, 1998). & AAollA

= MAES Fa4AH 5
BiomassE

o]-g-3}a] i BiomassE 4 3}5th.
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Figure 9. Volume calculated with different base value settings.

Table 3. Parameters of estimated species.

. Pinus Larix
Unit Parameter koraiensis  leptolepis Quercus spp.
single tree a 0.024250  0.026211  0.026849
tand B 0.4 0.51 0.69
san C 1.65 1.65 1.72
Z7 U o

1. 51 % Xgln ==&
D 5= 2 A8 744
LiDAR®] High Vegetation Pulse®} Ground PulseZ ©]
ot ARG S EESTE 18]al 2AME )
AEe] GPS #E et ARk A g AL, FFER
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8 33 ch(Figure 10). Clark 5
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Total species Pinus koraiensis

R%=0.68 R%=0.60
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Figure 10. Accuracy analysis of tree height.
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Figure 11. Accuracy analysis of Clear-Length Height.
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Figure 12. Accuracy analysis of DBH,

ThH(Figure 12).
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4. CIXEHESAE 2R ¥ FE2EZE 3y

FEE JEAAG AEE7] 918 DC4K2E EFE
Ao o] Tl g-F AL eCognition 4.05} ERDAS
Imagine 8.55 ©]&-3}e] il o FdFd7I
-5 (segment based classificationyg A3t +/%
B VL (Plinus koraiensis), =5 H (Larix leptole-
pis), U (Quercus spp.), B14 A (Non Forest) 2=
3o BEFA]S A8 s th(Figure 14). -7 0A3EE ©|
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Table 4. DBH-Height function and statistics in nonlinear regression analysis.

Species Function FI T(Prob>| T |) JMSE
Pinus koraiensis DBH =11.4296 - 1.0673" 0.9927 E :: ig;)?)];é 6((1(?(())(())(1))1) 2.8979
Larix leptolepis DBH=13.4179 - 1.0475" 0.9933 E 527322159(28%%5)1) 2.4389
Quercus spp. DBH =8.0521 - 1.0980" 0.9875 E 11264??;7((1(())(())(())2))1) 3.3931
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Figure 13. Accuracy analysis of basal area.

?:l-b"-ﬂx" L&
FrE 7S ArcView GIS 3.2a9] shape file® % $+s}

Table 6. Canopy volume using ArcInfo 8.3.

. Pinus Larix Quercus
Estimate L .
koraiensis leptolepis spp.
Total Area (m?) 330,210.000 103,601.016  367,441.094

Total Volume (m*) 2,001,578.250 1,155,002.250 2,916,860.750
Volume per ha

(m*/ha) 60,615.312 111,485.610  79,383.084
Table 7. Clear Length (CL) volume.
Pinus Larix Quercus
koraiensis leptolepis spp.
mean DBH (cm) 32.7 28.7 283
mean CL (m) 7.2 6.7 4.1
Nha 940 1150 1100
Total N 31,045 11,914 40,418
CL Volume (m®) 0.484 0.347 0.206
CL Total Volume (m?) 15,017.565 4131.198  8,338.951
CL m*/ha 454711 398.764 226.950
3L LiDAR®] 7t Zefd ¥RIE Hlo|HE $3¥E A
4 AR R TINE Al 20l el

T dAZIHHTE o] 8-31e] 4H&3tH(Table 6).

HA| 22 Base values 022 &t I2#)FAte] 9] 7
A& ERN 7] 98] AF8-8 Z factors 132 &Fed I x) 7}
UeA BEE ok 7t 5558 R)Ea ofy AL

w0 Aehar ofefl A Al Al MA e BRNE

Figure 14. Segment based classification of digital aerial photograph.

Table 5. Error matrix of segment based classification.

Classified Data Pinus koraiensis  Larix leptolepis ~ Quercus spp.  Non Forest Row Total User's Accuracy
Pinus koraiensis 8 1 1 0 10 0.8000
Larix leptolepis 3 7 0 0 10 0.7000
Quercus spp. 0 0 9 1 10 0.9000
Non Forest 10 1 2 27 40 0.6750
Column Total 21 9 12 28 70
Producer's Accuracy 0.3810 0.7778 0.7500 0.9643 0.7688
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Table 8. Stand volume by species.
Pinus Larix Quercus
koraiensis leptolepis spp.
Total Stand ) 10 595815 1,159,133.448 2,925,199.701
Volume (m”)
Stand Volume 61,070.023  111,884.374  79,610.034
(m°/ha)

Table 9. Mean Biomass of single tree (kg).

Pinus koraiensis

376.09

Larix leptolepis
422.83

Quercus spp.
409.86

Table 10. Biomass using stand and canopy volume (tdm).

Larix
leptolepis
971,934.393
93,815.141
975,410.796
94,150.701

Pinus
koraiensis
Canopy Biomass 1,321,041.645
tdm/ha 40,006.106
Stand Biomass  1,330,953.238
tdm/ha 40,306.215

Quercus
spp.
3,461,730.338
94,211.844
3,471,627.005
94,481.188

WA 8] AL ok 7F A F ha% F A
ZSTH(Table 7). 213431 ok} 7414 & A
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A UAY $BANOE YIERE

=3 A4 2 Biomasss
LiDARZEE 7|A|22] S
At Ao F337
HAL, FhEL 073, e
AL o8t F
Area)®] AAAFE Hﬁrﬂ} 0.82% 35
2 0.92, PR 0952 FH AT Ve
A AL AT 7L 2,016,595.8 m’Z YER} J& (&
o oF 380 kg2] BiomassE e ¢ e AR FAHEH
A, GFES AZo] oF 1,159,1334m° 24 12 T
420 kg2l BiomassE A2 & e 02 e on,
FUERE A F o] 2,925,199.7mP A 18 F 9F 410 kg
9] BiomassE A4t F e A2 FH AU A
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