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Development of Measurement System for the Carbon Sinks under the Kyoto Protocol
—Measurement of Stem Volume and Carbon Weight of Larix leptolepis Stand by Airborne Lidar—

Yasumichi Yone*"*2, Hiroyuki Ocuma*! and Yoshiki YAMAGATA*!

Abstract

To develop a monitoring system for carbon sinks under the Kyoto Protocol, a method of forest stand measurement
using Airborne Lidar sensor is examined. A canopy DSM (Digital Surface Model) was constructed from first pulse
of the lidar data, and the DTM (Digital Terrain Model) was constructed from the last pulse of the lidar data. The
tree height surface was made from the difference of the canopy DSM and DTM. Crowns of trees were extracted
from the tree height surface by the Watershed method. Numbers of stand trees were counted from the crowns. Tree
heights were measured from height surface within the crown. Stem volumes of trees were calculated from the
relationship between tree height and stem volume, from a yield-density effect curve, and from an aerial photograph-
ical analysis table. Carbon weights were calculated by using the relationship between the stem volumes and dry
weights and the coefficient of carbon inclusion.

The results are : 1) The measurement error of tree height of Larix leptolepis stand was less than about 0.3m
(accuracy) and 1.0m (precision). The precision of the measurement was assumed to be originated from the
precision of truth data ; 2) the extracted crowns of trees were canopy trees, not understory trees, and the number of
extracted crown had a tendency to be underestimated ; 3) stem volumes and carbon weights were underestimated by
using the relationship between the tree heights and stem volumes and the yield-density effect curve. Using aerial
photographical analysis table, however, yielded better results.

The next steps of this study will be 1) to develop of a method of the extraction technique from the lidar points with
more accuracies, and 2) to develop of a method of aerial photographical analysis to estimate carbon weights for wide
areas.

Keywords : airborne Lidar, forest measurement, biomass, carbon sink, the Kyoto Protocol
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2.1 BEMHEE

A, WM & B EE S/ 197 FREE -
198 FRHED 2 X AR & L1z, @EIcH - - T, 1974
HEIZ13300m < 100m @7 0 v + (LI, Plot A), 198 #KHE
112 100mX70m @7 v b (LI, Plot B) 4 3%iE LA
FHEAET-7 (Fig. 1 (1)), #HEXAOHNEERE (DBH ;
MBS 13 m AL TOARERE) Som LLEOIAIZHL,
MEEE (Fig. 1 (2)) « AN ORITEATT- 720 51T,

Measurement by complete Measurement by airborne
enumeration.(1) and heliborne lidar (9)
|
I V ]
Altitude of ground ; : : Altitude of ground .
— Dear erel(oha B )03 w00 DSM of tree crown height(11)
uec.(*) ; !
DBH-Height Dividing into individual tree 5 Average diameter
wm'(l) by watershed algorithm (12) " of tree crowns.{16)
Tree height.(5) Verification (see section 4.1) Tree height.(13) Average height
¢:::¢ == | A
The Number of - - : The number of
trees.(9) < Verification.(see section 4.2) > wees(15)
. I ! }
Tree volume . -
equation.(6) . Yield density Stand volume table
Kisighe volume curie (17). effect curve.(18) aerial photograph.(19)

!

| |
v

Stand stem volume.(8)

< Verification.(see section 4.3) > Stand stem volume.(20)

v

Relationships between stem volume and
oven dry weight above ground level. (21)
Bulk density and #

expansion factor (25)
Ratio of oven dry weight between

above ground level and below one.(22)
| |

v

Carbon content factor of wood.(23)

v

l l

’

Relationships between stem volume and
oven dry weight above ground level. (21)

v

Ratio of oven dry weight between
above ground level and below one (22)

.

Carbon content factor of wood.(23)

v

Carbon weight of trees per km?.(24)

< Verification.(see section 4.3) >

Carbon weight of trees per km?.(24)

Fig. 1

Flowchart of estimating carbon weight using DSM data measured by airborne and heliborne lider.
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Fig. 4 Diameter-Height curve for Broad-leaved tree.
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(=)

F1=0.435719+0.515867/H+2.481278/H*
F2=0.439004 +0.916461/D —0.073809/D*

V=r (D/200)*> xHX (F1+F2) /2 (N
(z=v)
V: lot 40744 ~ 1.824080log D+ 0.924568log H) b4 10048 (2)
([RHERD
V: 10( 4068644 + 1.75615210g D + 0.9062 10log H 1 (D( 12)
V e 10( 4.335395+ 1.90305 Hog D+ 1.025410log H (12 _‘—“-’_ D < 22)
V=10 332596 1 1.853014log D + 1.166956log H) (22<D<30)
3)

VL KREHME (m®) D REEE (em)
H: fit& (m)

M 1957 4= (Plot A) - 1958 4= (Plot B) (Cfiifks h
f2#1 5 = (Larix leptolepis Gordon) NTHKT, 12z
<7 (Picea jezoensis Carr.), [L¥fHZA LTV 5 (Fig. 5,
6). HRERIZA ~ % (Dryopteris crassirhizoma Nakai), % 77
7 £ (Dryopteris expansa) 150 v FKic, KAD 7 &
+ /7 (Pachysandra terminalis) H5REET 2EMICE - T
L5, —is <4 9 (Sasa senanensis) 735 L T
%, ha 272 O AHL - %13, Plot A A% 1,200 A& /ha + 148.92
m?/ha, Plot B 7% 1,010 4 /ha * 152.77m*/ha T& - t2,

2.2 Lidar 51

Lidar i< X 55tillli3, Table 1 12”9 5 > D@l %17 - 72
(Fig. 1 (9)), ARZERER Lidar IC> W TREHDE VT
L AN DERAIE T 12012, NIV REEAEZ 12
il (Obs.O &, Obs. A6), K UTRITEEEZZ 12 Bl
(Obs. A4, Obs. A6, Obs. A8) %17~ 7z, Fi, MIZEHHEIK
T Lidar & ~ Y 2 7 % — &% Lidar & @ #2179 12
W, ~N) a7y - L8| (Obs. H) %177, 73,
ARG TERATERIEIE - ~ ) 279 —350% Lidar 25D
B CHIZER Lidar £3C#L, WHZXHIT 2548E, =7
H—~ Lidar* ~ ) £—» Lidar £ig#id 52 & &9 5,

Table 1

3 5 &

3.1 Lidar 5 —% QR4

MZERE Lidar ic X OIS hio7— 13, v — R
EO3UOLHRE L L TG & h 3, TO~LED, Last Pulse
KOstz F— b6, URFO/ A Z&BELELDS
DA — % & L 033 mGrid ® DTM 7 — % A {Eik L
7o (Fig. 1 (10)), %7z, First Pulse X O & htz7—7%
13, #hd L oESTh S EEZ, 0.33mGrid O E i
@ DSM % {Ek L 72, & o2, i Lo DSM o,
DTM %#5(< 2 &C, {EEREA v v 27— 7 2 EL
F2'® (Fig. 1 (11)),

3.2 BEORMESLUEHBEER - #50:H

756 Lidar itk 01§ ont, HEERTES A v v 27—
¥ 5, Watershed 70 T 1) X A4 HOEEOMT AT -
7217 (Fig. 1 (12)), Watershed 7 /L I ) X & 2L F i
THEITEN B,

(D) B&SEARCOBmAEIC Y- ZHET 5,

(2) WEEARcii-Te—hERkESH 5,

(3) MEIIMED~— L3tz AT,

B ABCASBE LRI 12 - 7= B I B B 4 Ak
T 5,

Watershed 7 /L = 1) X 40z & D 4k & Ao isted o Bisk &
Ik, BEARY T &L, BERREE - EESDE
o BHEB A L A, XY Pl LTlbEA Y I vics
$11% First Pulse DO Th - & & 2 BAE () f#
O b OEBHEMMES & L, €50 S DTM 5
Al HEERdEE & Lz (Fig. 1 (13)), £7, #EE
e - AR S & Plot fif @ FHEHE & (Fig. 1
(14)) & ha Y70 A& (Fig. 1 (14)) ZFEH L 12, B
R Lok EEHTEL, 2oRBEEROFY
flixEMY, CofEHVTE Plot O FHARHER (Fig.
1 (16)) ZHH L7z,

3.3 HHEORE

atill &S 7z DTM %6 K OHEERHES O £ Mak 4 5 72
¥, HARHEET— ¥ EE - BEE2iT -7, DTM 2oL
T, BARFEECL VML IRAES S, 20 XY HEiE
&[] UATiE D DTM #E& 4 s L7z, #tEic-wi, #

Flight Dara.

Observation Name Obs.0 Obs.Ad Obs.A6 Obs.A8 Obs.H
Carrier aircraft Airborne Airborne Airborne Airborne Heliborne
Observed Date 9~10-Dec-1999  12-Aug-2000 12-Aug-2000 12-:Aug-2000 26-Sep 2001
Model No. of the Lider system ALTM1020 ALTM1020 ALTM1020 ALTM1020 ALTM1225
Height from Ground Level(m) 600 400 600 800 200~300
Flight speed(km) 180 180 180 180 50
Pulse repetition frequency (Hz) 5000 5000 5000 5000 25000
Scan Frequency(Hz) 17 26 23 23 25
Scan Angle(deg.) 20 15 10 8 20
Pulse Density(m) 1.44 1.10 0.96 1.03 0.14~0.21
Beam divergence(mrad) 0.3 0.3 0.3 0.3 1.2,0.25
Footprint Size(m) 0.18 0.12 0.18 0.24 0.05~0.36
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(MTEE - HEERK - SiEEER MRS MR
HiE - 3ERE L - TV B, MiiEHVAE, Ch
SOMEHWAZ ENTELLHTH 5,

Lidar gF#llfiEis 5 MEEEHEET 5 ich iz » T, KBS —
MEIOBARAZ AWV 5 51 (Fig. 1 (17), ATHEEERE
' % v 5 4 (Fig. 1 (18)), W¢“§Mﬂﬂﬁi%ﬁ
WA ik (Fig. 1 (19) @ 3 >0 FiEic L bk, #heEh
DOfEIc > WTHEMGT 217> 12, 758, Lidar fHUED &
FHREDFIBN I 720D, G (3 3~ CH Ao 4 L R
THDHN Iy ERE LT,

B o BES (Fig. 1 A7) 13, EEdhi (Fig.
2,3 BX, X O XofpklLMiizRkHc (Fig 1
(20)),

N UHREREE PR, [l - Hish - BUMR o % EE T4
T BIERENtc 757 THD, hadbiohBMETE
AHoMGRE, S PakEihi - SEEERdhii - S0
e - BARERIC L VBl U TV 5, ARFRICE
Wik, dbigEs s 5 = v M REEERERY, o

th I REN SR 0 R (Fig. 1 (18)) MWV THsy
W R A sk 7o (Fig. 1 (20)),

V=(0.0651368H "% 49492 9 2#59/N) ! 4)

V:had M H: FEWHAROYEES
N : ha &7 A%

ZEhE R R, EhEED S - EEEE
AL - HIE - AL - RS EART & LT, HROMETER
HEMERTDH %, Hh&hdﬁWfﬁTﬁu—QXHT
firidikshchsy, RFJLora7iizngd s
fﬁ%%*&éé@f%goAanuﬂmemw&h
FEON Ty ALHROZERFEMR S MR @M
(Fig. 1 (19)) L, Mo @ptifi% Rk 72 (Fig. 1 (20)), Table
20 L o B B MRERO 7 1 7 & EHMEEHEEIC
W BHG5HERT,

MR SIREFERRZHET T 572012, Plot A £[6 L 197
MEEICRERR S i 5= v b 6 10 A Z B PSR 3T (&
WL, 8 -k - oL ERAIE L ERE b & IcHik
— &R (- -3 oBREER L (Fig. 7
(Fig. 1 21)). F#, REGULEHEROHEEICIRAS

OHEE S BT HEW, SRt MO IEI S (5« B 1
) 60:8:12:20 4\, iz (5 - - %) 12 1.25

LB ETKRDI (Fig. 1 22), &6l RESHE
$00.50 (1C/t) (Fig. 1 (23)) #HWTHRERR~OLH A
iT-17 (Fig. 1 (24)),

AT RO RBEA~OE R CH I -THE, BT~
vicoWTIREoZ A (Fig. 1 QD~04) 2H0, =
Sy - RERHCOWTIR A 5 = v IcH TR~
A A= ZRPDILCT Eh D, BRSO - AR
Y A vl TE AT 72 (Fig. 1 (25)).

We=p, X VXEXC (5)

We : iFEFESE (1C)

Table 2 Volume table for aerial photographical analvsis.

Items R
Tree height 0.69
Tree height xﬁnis 0.76
Tree:height zl::::t;:rt{::es gﬁr ::::\r:f 97
Tree height f:::;:rtn:: o El::::':;:f Forest Age 0.89
Tree height Number of  Diameter of Forest Age Warm index 0.90
canopy trees tree crown
Tree height E::::t;rtro:es 3:::::;:f Forest Age Warm index Slope angle 0.90
Tree height :I::ot;:rt::es 5:;":::;:f Forest Age Warm index Slope angle Soil type 0.91
Tree height ::::::rt::es ?r:::::;f Forest Age Warm index Slope angle Soil type Altitude 092
Tree height :‘::;‘:}:’t‘:: oo ameter O Forest Age Warmindex Slope angle Soiltype  Altitude  porice 094
Tree height ::r:no::rrt::es ?r:::::;:f Forest Age Warm index Slope angle Soil type Altitude tS;rtf::',: Beaming 0.96
Tree height ::;?art::es E:::::;:f Forest Age Warm index Slope angle Soil type Altitude tS;;rtF:::ee Beaming S::;:: 0.96
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Fig. 7 Relationships between stem volume and oven
dry weight.

4. HREEE

4.1 % - HEFRBEORS

Plate 1 {3, Plot BB XU ZDFHIcBNWT, ~1) K-
Lidar (Obs. H) #ifllic & v fEsk & o fibEin D DSM 75 5
IO DTM 2B & L TE LI bDTH 5, K
T O DSM EEo FHEE 52 TEY, 4 lcEET
ABMEF+ v 7 ELEZTWVWE I b3, Plate it
HMOZEHRESTIEI75 9 7 ABAA2Sm O ¥ 9 —Th 5,
Plate 2 (4, Plate 1 &[G o fEigf DSM 75 S NS, Wa-
tershed 7L T X AL RO SNBER ) T TH
5o

W EEEO by b= 205 ZfT> TWA Plot BiCh
1 B EAEE OFTRERZE OFER A Table 3 IC/RT, CHIC
k3L, M EESEHAO RMS %3 B35 X Z 30 cm~80
cm, RHEE GERETE) 3EBL% 20ecm~T0cm, B
A BEPHOEERZE) BEBLZT30em TH- 1,
RIZ Plot A, BiZH 2MEOFHAIRRZDFER % Table 4
TR e, BEETO RMS 8% E BB L £ 0cm, HffEiRE
ZBHELF 10cm TH SH5, Plot A D Obs. HDA 27 cm
Thy, AELENR SN, Obs. H OFHANIHEHIFEEH
LlE6THBRTHY, ZOROBEMRENEELTVWS
LEZOND, BHEERIBBLZ 90cm TH -7,

REEEICOVT, W EESERELEEZRLTVS

Plate 1 3D View of Canopy DSM and DTM around Plot B.
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7, KSR L OEER LTV S, RFEICE T 51
ZER Lidar (< & A& OfHIE, WEHimEEES s o1
mEG|{ TETRDTVS, Hl FIESORFERENKED
[EA&RTIChhddb 59, Lidar fEDO %5 TH 5 &
DERFEEAVPE AR L TWB, Thid, ek E

Plate 2 Canopy DSM and crown polygons around
Plot B.

e FAEE N OIS [E U RS E Ao TV D
fehEEZ SNS, MiZEHE Lidar 1 & 2 Hoe EERE o 31
OFEE, 0emfEEL N EH, FEREchE K
EfflLEot, COFERELTHE, QI Fho—
2 DS, @O0bs. A6 & Obs. A8 DA D2
HM50em bH BT EMDS, GPS/IMU DIRHEIZ &k 2 /5
HEEOAREMEAZZ SN b, &0 IEESESBESLER
B, REHES - B IC X RIS SELEZ SN
5o

M EE SO BAREE R0 mBIBRTH > Thid
Lidar # @ & O OFHAEEE A 15em Th 5 T &, HIFER
ICEEEST B L—HH A DRI TH ORI L 7l & e
BLTWA T L, KPlot DWEITIE, ¥ ¥R+ +2FEHE
L, HIDGMMhYSEET B E2EBICANDE &, BIfl
HEARLTWE EEZ OND, —F, BEOMMEEE,
90 cm fiifk & KX B AR L 12o BHE b kS o fii 2=
Lidar {C & 2 31l i3 FEE&EH & 0 fSH 2 < GHllgk
fLlTriwT Ems, MEESHELVELLSL
BEZIL WV, LT, fiZER Lidar OFHARRZEDIA DO
REZ 6N 5, BEOFREEIC SO THAZTT - 742
Bz k5 &, RIS & O S ORERK
F2mThH-7cE L TWB, APlot D b w b — 2 DHE
i, FElicksboTirE<, ERME - SEdhificik-
K bDTHADT, omEiHIc kL sBENPBHKLTY
Ab0LEEZLNB,

Table 3 Difference error between ground measured altitude and

lidar-derived ground altitude.

Obs.A4 Obs.A6 Obs.A8 Obs.H

Plot Name Observation Name Obs.O
Plot B RMS error 0.513
Average error(m) 0.439

S.D. of average error(m)  0.267

0.720 0.783 0.369 0.575

0.658 0.727 0.240 0.484

0.296 0.296 0304 0.315

Table 4 Difference error between ground measured tree height and

lidar-derived tree height.

Plot Name Observation Name Obs.0 Obs.A4 Obs.A6 Obs A8 ObsH

Plot A RMS error 0.91 0.93 0.92 0.92 0.94
Average error(m) 0.11 0.11 0.11 0.13 0.27""
S.D. of average error{m) 0.90 0.92 0.91 0.91 0.90

Plot B RMS error 0.89 0.92 t;‘f_ : G.;ﬁ 0.87
Average error(m) -0.09 -0.05 -0.05 0.01 0.06

S.D. of average error(m) 0.88 0.92 0.87 0.86 0.87

Significance according to ANOVA ; ** P(?,DI
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Fig. 8 Histogram of total number of trees by height class. in Plot A.
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Fig. 9 Histogram of total number of trees by height class. in Plot B.
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Table 5 Number of trees.

Plot Name Observation Number of trees
Name All %  Canopy 1a;'c1"|r %

Plot A Truth 3599 1689
Oba.b_ - 986 27% _549 56%
Obs.A4 1230  34% 12056 T1%
Obs.A6 1237 34% 1207 T1%
Obs.A8 1257  35% 1232 73%
Obs.H 14556  40% 1445 86%

Plot B Truth o 271
ObsO 224 32% 170 63%
Obs.A4 290 41% 228 B4%
Obs. A6 286 40% 233 B6%
Obs A8 300 42% 245 90%
Obs.H 362 51% 320 118%

Table 6 Stem volume and Carbon weight estimated by relationship between height

*Tree Height >=11

and stem volume.

Plate 3 An example of extraction error.

Plot Name Observation Stem volume _(nf!]_mg)_ o ~ Carbon weight (Ct/ k_mf)_ B
Name - 111 %  Canopy layer® All %  Canopy layer* %

PlotA  Truth 148.92 12581 4243 3474
Obs.0  73.09 49% 7205 57% 1937 46% 1910 55%
Obs.A4 90.89 61% B9.94 T1% 2409 57T% 2384  69%
Obs. A6 92.55 62% 91.76 73% 2453 58% 2432 T0%
Obs. A8 96.53 65% 95.86 T6% 25569  60% 2541  73%
Obs.H 130.03 87% 129.74 103% 3446 81% 3439 99%

Plot B Truth 152.77 142.50 4453 - _992' B
Obs.O  67.87 44% 66.88 47% 1799  40% 1773 43%
Obs.A4 91.77 60% 91.41 64% 2432 55% 2423  59%
Obs.A6 91.37 60% 90.38 63% 2422 54% 2396 58%
Obs.A8 97.03 64% 96.31 68% 2572  58% 25563 62%
Obs.H 116.41 76% 116.15 82% 3086 69% 3079 75%

*Tree Height >=11

Table 7 Stem volume and Carbon weight estimated by yield-density effect curve.

Plot Name Observation

Measured data

Average height

Number of

_ Stem volume (m’fha)

Carbon weight (Ct / km*

Name of canopy trees canopy el % Canony lnyec All % Canopy loyer® %
PlotA  Truth 1344 56300  148.92 125.81 1243 3474
Obs.0 13.61 316.33 61.64 41% 61.64 49% 1634 39% 1634 47%
Obs.A4 13.55 101.67 7410 50% 7410 59% 1964  46% 1964 57%
Obs.A6 13.61 102.33 75.00  50% 7509 60% 1990  47% 1990 57%
Obs.A8 13.69 110.67 TTAL 529% 7744 62% 2053 48% 2053 59%
Obs.H 14.16 181.67 95.72  64% 95.72  T6% 2537 60% 2537 3%
Plot B Truth 13.70 665.71  152.77 142,50 1153 1097
Obs.0 1350 307.14 58.75  38% 5875 41% 1557 35% 1557 38%
Obs. A1 13.56 110.00 7543 49% 7543 53% 1999  45% 1999 49%
Obs. A6 13.64 397.14 7169 19% 7469 52% 1980  44% 1980 48%
Obs.A8 13.66 120.00 7839  51% 7839 55% 2078  47% 2078 51%
Obs.H 13.93 465.71 89.46  59% 89.46 63% 2371 533% 2371 58%
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Table 8 Stem volume and Carbon weight estimated by aerial photographical analysis table.

. P Average height Number of Diameter of Stem Carbon
Plot Nome Observation Name Mithod ot estimation of canopy trees canopy trees tree crown Volume weight
(m) (m} m" %) GCkm® (%)
Seore Seore Seore
PlotA  Truth Measured data 13.44 563.00 148.92 1243
Volume table for aero- Tree Height 132.8000 132.90 89% 3523 83%
photographical analysys Number of Canopy Trees 63.6539 83.9420 147.58  99% 3912 92%
Obs. O Measured data 13.61 316.33 5.38
Tree Height 132.9000 13290 89% 3523 83%
V‘:’h:cm t“:ih i;“:'!;“; Number of Canopy Trees 63,6339 66,4705 130.10 87% 3449 81%
PROtOETapiical analvaye Diameter of Tree Crown 28,0208 67.8979 9.0097 104.93  70% 2781 66%
Obs. Ad Measured data 13.55 401.67 1.76
Tree Height 132.9000 132.90 89% 3523 83%
Yolume: ixhls t;“ il Number of Canopy Trees 63.6939  66.4705 130.10 87% 3449 81%
photograp ¥y Diameter of Tree Crown 28,0208 67.8979 451231 141.04 95% 3738 88%
Obs. A6 Measured data 13.61 402.33 4,76
Tree Height 132.9000 13290 89% 3523 B3%
v
bvivimirelpend Number of Canopy Trees 636339 66.4705 130,10 87% 3449 81%
photographical salysys Diameter of Tree Crown 28.0208 678979 451231 141.04  95% 3738 88%
Obs. A6 Measured data 13.66 414.33 4.67
Tree Height 132,9000 132.90 89% 3523 83%
Yolime:tahle for. aaro- Number of Canopy Trees 63,6339 66,4705 130.10 87% 3449 81%
photogray alysy Diameter of Tree Crown 28.0208 67.8979 451231 141.04 95% 3738 88%
Obs. H M d data 14.16 481.67 423
: Tree Height 1329000 132.90 89% 3523 83%
V:i‘:m:“:!;fl":::]‘:s . Number of Canopy Trees 63.6339 66.4705 13010 87% 3449 81%
prolegrap ysy Diameter of Tree Crown 280208 678979 451231 141.04 95% 3738 88%
Plot B Truth - 13.70 665.71 152.77 4453
Volume table for aero- Tree Height 132.9000 132.90 87% 3523 83%
photographical analysys Number of Canopy Trees 63.6339 83.9420 147.58  97% 3912 92%
Obs. O Measured data 13.50 307.14 5.44
Tree Height 132.9000 132,90 87% 3523 T9%
v . -
]':i':fe:":ilz:]";::]’:a c Number of Canopy Trees 636339 664705 130,10 85% 3449 7%
PGSR el Diameter of Tree Crown 280208  67.8979 9.0097 104.93 69% 2781 62%
Obs. Ad Measured data 13.56 410.00 464
. Tree Height 132.9000 13280 87% 3523 19%
v]'l’lu':;“e t’:};‘i";:;m " Number of Canopy Trees 636339 664705 130.10 85% 3449 TT%
i i Diameter of Tree Crown 28.0208 67.8979 451231 141.04 92% 3738 84%
Obs. A6 M d data 13.64 397.14 474
) Tree Height 1329000 13290 87% 3523 79%
V]‘i't’:“:a:};’f:x{“ o Number of Canopy Trees 63.6339 66.4705 130.10 85% 3449 77%
puoieap e Diameter of Tree Crown 250208 67.8979 _ 45.1231 141.04 92% 3738 84%
Obs. A8 Measured data 13.66 420.00 448 0000 I
) Tree Height 1329000 13290 87% 3523 79%
V:lo':;“ “:ile ?:::lm . Number of Canopy Trees 63.6339 66,4705 130,10 85% 3449 T7%
pRoOETAD Y sy Diameter of Tree Crown 28,0208 678979 451231 141.04 92% 3738 B84%
Obs. H Measured data 13.93 465,71 4.31 .
= Tree Height 132 9000 13290 87% 3523 79%
V]‘:l‘t‘;“e t“:ll::l“;::l’fs . Number of Canopy Trees 63.6339 664705 130.10 85% 3449 77%
photograp yay Diameter of Tree Crown 28.0208 678979 451281 141.04 92% _ 3738 84%
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