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Abstract

Estinlation of carbon sinks in forcst is ilnportant to undcrstand global climatic changcs such as global

warming Thc amount of carbon sinks is often explaincd by biomass,which can bc calculatcd by DBH(Diametcr

at Breast Hcight)Of Cach trcc However,measuring cxact DBH of standing trees by cxisting mcthods is tedious

and takcs longcr tilne.Hencc,studics havc bccn carrying on devcloping thc mcthodology to measurc DBH and

blomass

ln this study,a ground―based remotc scnsing tcchnique to mcasure trcc stem diameters and biomass in forest
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A s  a  r e s u l t、c a c h  D B H  o f  3 1  t r e c s ( o t h C r  9  a r c  i n  d c a d  a n g l c ) w a S  m c a s u r c d  w i t h  R M S E ( R o o t  M c a n  S q u a r c

Error)Of61 mm.The biomass of individual tree was calculated with RMSE of ll.5 kgC.Total biomass in

cntirc study site including 9 trecs in dead angic、vas cstimatcd by pcrccnt lncthod、vithin the error of 3%.It can

thcrcforc bc concludcd that thc mcthodology using a lidar can effictently rcplacc cxisting methods to mcasurc

DBH and carbon sinks、vith high accuracy.

K e y  w o r d s : B l o m a s s . D B H . J a p a n c s c  c c d a r , P o r t a b l c  i l n a g i n g  l i d a r , R e m o t e  s c n s i n g

1.Introduction

An cstabHshcd practicc ()f mcasuring forcst stalld

paramctcrs of cach trcc is by thc usc of somc
traditi()nai nlca、uring instrunlcnts such as mcasuring

t a p c . c l i n ( ) n l c t c  r、.a n d  p o c ( c t  c ( ) n l p a s s c s ( A v c r y , 1 9 8 3 1

Hu、ch、 19821 Nagurll()ar]d MIino、va、 1990; Nishlo,

1998)Howcヽ Cr、thc u、c()f thcsc nlcthods of‐tcn cntails

loo nluch timctt nccd、、pccial 、k‖l、and tcnds to causc

h u m a n  c r r o r s  ( J a p a n  A s s o c i a t i o n  o f  F o r c s t r y

T c c h n i q u c , 1 9 9 8 ) H c n c C , m c a s u r c m c n t s  o f  c a c h  t r c e

b y  a i r b o r n c  l i d a r  s y s t c i n  w c r c  s t u d i c d ( O m a s a  c r  α′,

2 0 0 0 ) A l t h o u g h  t h c、c  s t u d i c s  c n a b l c d  t o  m c a s u r c  w i d e

rangc forc、t、 irl を1 1ヽ11と1ll anlount()f tinlctt llneasurcmcnt

accuracic、ncctic(l111()rc considcration

ln thi、pた11)cr、 、、c(1せ、cl()pcd a ground―bascd rcmotc

ふcnsi1lg tcchlliquc u、ing a portablc in3aging tidar to

mcasurc f()rcst sttintl pをrヽを111lCtCrふ Such as trcc stem

diamctcr、and bi()nlas、 in Japanc、c ccdar forcst DBH

and carbon Mrcight、'crc cstimatcd by using lidar data

Thc accuracics 、vcrc vcrificd by comparing to the

actual DBH of individual trcc and thc carbon 、vcight

pcr unit arca in thc stud)′sitc

2.Wlaterials and Methods

A」 apancsc ccdar f()rcst in Aonlori prcfccturc,Japan,

、vas scicctcd f()r thc study.Thc arca■'as rclativcly nat

and occupicd by Japancsc ccdars of about 60 ycars old

、vith hcight ranging fron3 20 to 30 m ln this forcst,40

Japancsc ccdarS at a 400 m]sitc、vcrc mcasurcd usin3

LPM-25HA,a portablc imagin3 1idar system produced

by RIEGL Its measurablc rangc is bctwccn 2 n3 and

60 m 、vith range accuracy of about 8 0 mm, and

horizontal and vcrtical angular accuracics arc O.009

degrecs.The lidar was sct at a point where it can

recognizc as many Japancsc ccdarS as possiblc at thc

sitc.Thc land gradient、vas confirmed by mcasuring a

point from plural dircctions in thc arca by thc lidar
First,、ve detectcd the stcm shapc of cach tree using 3-

dimcnsional data obtaincd bv thc lidar The stcm

diamctcr, M/hich 、vas tcad by thc stcrn shapc at a

rncasurcd hcight, and DBH ぃ 'crc calculatcd by a

mcthod dcscribcd by On3asaでrα′(2002)、UranO and

Omasa(2003)and UranO(2(X)4)In ordCr tO cstimatc

the blomass from DBH,wc uscd cxisting quadratic

cquation (R2=0843)that Was dcrivcd by thc

rclationship betwecn actually mcasurcd DBH and thc

blomass of Japancsc ccdars bascd on Canncll(1982)

and Takcda(1978).CarbOn wcight(kgC)WaS

calculatcd by muitiplying carbon ratc, 045, 、vith

complctc―dry  、vcight,  、vhich  、vas  calculatcd  by

lllultiplying mass dcnsity, 035, in casc of Japancsc

cedars(Takahashi,1974).The aCCuracics wcre verified

by comparing to thc actual DBH by tapc nlcasurcmcnt

Thc carbon、veight per unit arca、vas verified by using

Acccptcd on Apri1 28、 2005
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timber volume formulas for Japanese cedars(TakCdai
1978!Ts司 1,1998)

3.Resuits aHd Discussion

,   l    t ■ 十囀
ど'十i t i  l f 1    1 1 3  8    3書|

Fig l Lidar data image ofJapanese cedar rbrest

Figure l sho、vs an irnage in gray scale oF the

Japanese cedar fOrest measured  by the portable

imaging lidar This image is visualized using the lidar

data as the gradation Of each pixel is set in gray scale

within the distance between 2 0 m and 30 0 m lrom the

hdar sensor The angular fleld in the picture is about

100 degrees in vettical and about 80 degrees in

hoAzonta These angular attustments are enough to

measure the、vhole Japanese cedar trees l予oコn the top to

the bottom in the study area  At this an31e,

measurements took about 90 minutes lf DBH was

only needed to measure, only 8 minutes would be

enough with a minimum vertical angular fleld

Aithough we selected the best position tO measure all

trees, 31 trees out of 40 are use的 l for DBH

measurement from One point Other 9 trees were

hidden by front trees,but their positions were roughly

estimated The DBH of measured 31 trees ranged from

251 to 535 rnm

MSE・ 0 1 rm

Figure E siごぃs lic erごi of measured DBH with

distancc Thc accurac)in Rヽ lSE (Root ヽlean Square

E r r o r ) aヽ s  6 1  m m  、 、h i c h、a s  、、i t h i n  t h e  r a n g e

accurac、 of thc hdar  、 hich is 80 mrn  Then

indi、'idual stem blomass(carbOnぃ cight)of meaSured

3 1 trees、as calculated The biomass ranged from 56 1

to 528 2 kBC and the distttbution is shown in Fi3 3
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Fig 3 Biomass distribution map ofthe Forest

Figure 3 shows the biomass distribution map of

Japanese cedar forest  X and y‐axis mean relative

coordinate on the ground as the lidar setting point is

the ottgin(X,y)=(0,0),marked[Alin the ngure The

diameter of each circle indicates the biomass untess

Othewise  indicated  only  dots,  、vhich  were  not

measured the biomass but only estlinated the tree

position roughly
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Fig 4 The difFerence of estimation resuits
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Figurc 4 、 ho、v、 thc differencc of t、 vo kinds of

c、tilllation nlcthodi onci c、 tinlati()n of stcm carbon

、'cight n3Ca uヽrcd b)'thc lidar.t、 ()i cStimation of stem

carb()n Hcight ctticuliitcd by tinlbcr volumc よ )rmula

According to the figurc、 thc blomass estimated by the

lidar 、vas a littlc smaHcr than that of calculated by

timbcr volumc formula Thc diffcrence would be

caused by DBH lllcasuring accuracics.Resulls show

that lidar mcasurements 、vcrc rnorc accuratc than tape

mcasurcment This、 v()uld bc bccausc thc cfficiency of

t h c  l i d a r、w h i c h  w a、ぷO  m m  T a p e  c o u l d  n o t  m e a s u r c

tightly al()I]ど lump)′ bark an〔l nlcasurcd only outer

circunlfercncc ()f tilc bark surfacci 11lCanヽvhileコ lidar

iaser could nlcasure in faithful accordancc 、vith the

surfacc ofturnpy bark Accordingly,tapc mcasurcment

would bc somewhatlongcr than lidar measurcnlent As

a result, lotal biomass in thc studv area lllcasurcd bv

the lidar was cstimatcd 20 4 kgC/111-,whiCh Was 3%in

crr(〕r c()illparing t()thc actual Thc cstimation on 9

trccs in dcad anglc、va、carricd()ut by perccnt illcthod

B y  t h i、n〕can、、thc  l n c t h o d o l o g y  l o  m c a s u r e  a  f o r c s t

frolll a p()illt using a lidar can cfficicntly rcplacc

c x i s t i n g  m c t h o d s  t o  m c a s u r c  D B H  a n d  c a r b o n  s i n k s

、vith high accuracy cvcn ifthcrc arc some trccs in dcad

angle
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