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Application of Theoretical Volume Equation to
Larix leptolepis Gordon
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Summary

We applied the theoretical volume equation (TVE) to 299 Larix leptopelis Gordon sample trees. The
sample trees were collected form four different regions: Kyushu University Forest in Hokkaido, northern
Japan (Hokkaido), University Forest at Yamanakako of the University of Tokyo, central Japan
(Yamanakako), Hiruzen Experimental Forest of Tottori University, western Japan (Hiruzen) and
Liaoning of China (China). The accuracy (mean relative error) and precision (standard error) of stem
volume estimated by TVE were as follows: 11.400% and 0.067 m® (Hokkaido), 2.636% and 0.062 nf
(Yamanakako), —0.311% and 0.013 i (Hiruzen) and 3.591% and 0.080 i’ (China). For best evaluation,
we also compared the accuracy and precision of TVE with those of empirical volume equations for each
region (EVE). It could not be judged which volume equation, TVE or EVE, had higher accuracy and
precision. Since the EVE is one of the most widely used volume equation, it is considered that the TVE
can be practically applied to L. leptolepis with better accuracy and precision. In conclusion, the result of
the current study will support the universality and goodness of fit of the TVE.
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I. #

BHEEICBNT, BT EEIGMETAZ L IZEETH L, Lo, IARKOT T CHE
RIS EEMET A2 Z L IXHEETH L, #2C, YAROF T CTH WAL IJHETX 58
BLEERE» S MBICEMRELTHEE TE S L )12, MRS CEELRBR I & I 228
BADPMER s N T b (B2 E, HREFEFEER, 1970a, 1970b), UL, & F &F i,
BB L OREFEBOIARICT L CEATE 25EN 2 ZE2EH#ERE, HEOLIAIZEA
EH LN\,

Fb BN (2001) &, £, #E, WEEE (H5WIERENERE) B X UBME,S,
Kunze B QxRS BT 2R EEHEET 5 2 2O FEER Lo RNT, INLDHE
Ko THESNAREDVEVICELWERET S22 EI2L o7, #l LW AR & B
FNCERE L7: (DR, HEEMMERERET). 2L C, FELEBUMERXE BIURE RS
ERHEFEEERIC B W TINEE L 72 A ¥ (Cryptomeria japonica D. Don) &k /¥ (Chamae-
cyparis obtusa Endl.) F50ARDFEEIAIEA L, T OMBERIERICH 2 5125 EMHE L FEE
AT WAIREE LR L7, ERmIMERNOROENTRNEE LT, BBRICEST 5155
EATVWRWY, SF S RMIOSIERICERTE 2 TRENEV LB IT LN 5,
Lar L, fhopstisi-cAst A\ BRRR RO M RES 2 8 L 7oWEgeid, BIED & 2 A& {iTbR Tk,
AR H3 LA U CHERIIMBERN 2 #H L7256, COBRBEDOREEZRTONIIONTIL
B2 TlE R v,

Z TR TIE, 4208 % M8 (JUNRFERBZEMEILEmEE TR, ERRKFE RS
Mg E-LEEN, BIKFEFEHMEFIEENE L OPEESESE) ICBWTE N
299D 715 < (Larix leptolepis Gordon) DFEAIIN L CHERWMBERN2EHL, 201k
MERE (HHARRZE) LB (HEHERRZEE) % HSUHAL CREBRAGICIER S 7 ZE M & el L
720 TOFER, MM ERNOL BT L BEUE ZHT 2B LRAMAIE LN OTHRET %,

I &= #

SR EF RA T MR HRE B, WK RFHHEE - LEEK, BICRS BRI IER
WEEMR B L OPEEREEZ ICBWTIE SN EE29ER0 S <y 23R E L THW,
AEAROBMEZE 1 ITRT,

T

1. AMKZRZEM B L EEEEM®

SR A B AL iEEE B AR (DT, dbiRE L RES) oh 7Y ATHIZBWT, 364K
DFEBARE LB L7z EFBEARICONWT, #HL0. Im¥EHT, B EFHOm, 0.3m, 0.8mB
LUL3m (%) LD1.0mMBETOEZZ0. lendEH TENZNMNE L2, BoNllEE
b LI, RORMEIC L o TERAROBERMREZ KD 72,

2 . RRAFZEFHMEETITELGH

R AREEZHEHBEEEEK (LT, ELeid) by ATHICBWT, BEICK
B ERE ETI0ROREIR S S iz, FFEBRICOWT, BEIL 0endfi T, #EE
Omé&l.3m (F9%) B LWL S OMAE0.15, 0.35, 0.55, 0.75, 0.950FEIZHBIT 5
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Table 1 General description of sample trees

Region Mean S.D. Maximum minimnm Median
Hokkaido Tree height(m) 25.1 2.9 30.6 16.3 25.4
DBH(cm) 22.8 3.2 31.6 15.9 22.6
Age(year) 41.6 3.6 51 36 40
Yamanakako Tree height(m) 13.9 5.5 22.5 3.9 15.8
DBH(cm) 21.7 11.1 47.6 4.4 21.9
Age(year) - - - - -
Hiruzen Tree height(m) 15.4 3.0 22.0 7.1 15.5
DBH(cm) 16.3 5.1 26.5 7.4 16.0
Age(year) 33.0 3.0 36 30 33
China Tree height(m) ©19.9 5.3 32.9 9.8 19.9
DBH(cm) 20.8 7.2 47.3 8.5 20.0
Age(year) 31.6 13.3 57 12 29
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The age of sample trees in Yamanakako is unknown.
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3. BERAZEFHMEFFRILIEE
ERRZRELMWERILEER (LT, FUERERT) ob I AT 2HGITB VT,
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DTy PHAAR) BEEAL LTHRE L, EREARICOWT, #EZ20. 1miEN T, #E
BE0m&0.2mBLUL.2m (E) XV 2.0mERETOEE%0. len¥EH THFNRLZIEE L7,
BoNWEMEED &I, KORBECLs TREBAROHESRME 2 kO (F - f(E,
2001) o
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PEEEE ORI LALE (LUTF, RFEEET) OF 7=y ADLKITHRGIZBWT, 102480
H Iy ERBREAL LTHEIL7, FEEARIZOWT, #E20. 1mEHT, B EHOmMEL.3
m (JiE) L02.0mMEBTOEZEZ). lendEH TENFIEE Lz, BoN-lEMEE b &1,
R sREEIC & o TREAROBERME L KO (£5H, 1998),
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9, BWE L EEEE S OELY, [1] SITORTHBRIMERIC X o TEEERO B
vy 2R L7,

(1] v = rdy?h/4{2(1 — hy/h)}10%0
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BADFETEIC oW TEEH (k- B, 2001) 2ZHshiov,

RNT, HUISEAL CETE 2 & IR S TV BRI 2 MR (LT, BRIy FER
ERLT) WKLo T, FREAROBMB T L7, EHITOAN T~y 2RG L L2REBRIH iR
HlE, ENENRXRIIL-oTH2 LN,

JedEE (PREFFTRIEER, 1970a)

[2] 11.1em < d, <21.0cm  log v=— 4.335395 +1.903051 log d;, + 1.025410 log &
[3] 21.1em < dy <31.0cm  log v=— 4.441199 -+ 1.853014 log d, + 1.166956 log h
[4] dy, >31.lcm log v=— 4.332596 +1.848675 log d, +1.088954 log h
B (ARG, 1985)
[5] log v=— 4.1683 +1.7914 log d, +1.0538 log K
Frlll (WREPFFEFEIER, 1970b)
(6] 5.1cm < d,, <11.0cm log v=— 4.134795 +1.835981 log d,, +0.939368 log &
[7] 11.1lem < dy, <41.0cm  log v=— 4.097423 +1.871126 log dj, +0.863667 log &
FE (H5, 1995)
[8] log v=— 3.989577 +1.799455 log di, +0.856374 log h

Z LT, BERIOMRE &R X o THES LS8R ve OBESRMH v, 13T 2
BRET, ILMEE (HEXERZE Re) LI5E (BHHEFRZE Se) 10X o THIKL 720
[9] Re = 100(ve— v)/v,
[10] Se =3 (ve— vo¥¥n
ZIZT, n3ERETH D,
K502, HEE LB TR & BLESHHE & OB OF % paired t BTEIC X o TR L 720

V. fEREeER

B FE S & BEERAOMAERUC X o THEE L -5 Tl & BLERMTE & OB 5 ICHEE L
B RO B LR E R [ ] L2 ICFNFIRT, ERIHMERICL > THESh
ToEME O RE (B EERFE) F, JbdEETL1.400+7.318%, E1T2.636+9.898
%, FFILT—1.091%5.723%, HET3.591+29.045% & 7% o 72, BERAOMRERIC L B HEEEBA
FEEHEBRME L OB T, FIUTEEEEDED SN o720% (p=0.440), Z Do s
TIERD LN (p<0.01)s SIS L, BERAOHMTERIC X o THE S N/ H RO 82
&, dbHEE T7.597+7.196%, &1T0.403+£9.157%, FRIIT—6.773%£6.055%, FPET—
6.030£9.381% CTH - 7z, REERIGFFEZIC & HHEEBRHMFE L HERME L OB T, ELTHE
BEDVPREDOONLR o705 (p=0.864), FOMOMBTIZFED LN (p<0.01) BELICH
WTHEBENRD LN h o201, RFETHW AR ROMEMEIC & o TRERM

([51) MPMER SN T VB EEZBbND, FILE FETIIEROMERL, tEELE
T CIIEBRIOMFE S, Z N EIVHER I /N S WA ERE R R Lz L7255 C, KEFZeDiE
B0, HEENMEN & BBROHRRNOEREICOWTES I DI bR,

HERIIMAEINUC & o THEZE S NS RE OBEEREZEL, JbiEE T0.067n’, ET0.062nf,
FELUTO0. 0130, FETO0.080n & 7 o720 ZTHCHT L, RERERAYMFERIC & B HEEEARE O L HE
FRFEE, d#EETO0.052nf, B C0.046n, FRILTC0.027nf, HETO0.080n' TH o /2o FRILT
EER MRS, dGHEE & B TR RIS, FNENAER RN S WSR2 R
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Fig. 1 Relationships of actual stem volume to estimated stem volumes by theoretical and empirical

volume equations
Ol alFENZNHRGRIMER & RIS L - THEE L 2B Z R d,
The circle and triangle indicate the stem volumes estimated by theoretical and empirical volume

equations, respectively.
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Table 2 Relative and standard errors of estimated stem volume

Theoretical volume equation Empirical volume equation

Mean relative error(n®)”  Standard error(nf)  Mean relative error(n)”  Standard error(nf)

Hokkaido 11.400£7.318 0.067 7.597%:7.196 0.052
Yamanakako 2.636+9.898 0.062 0.40349. 157 0.046

Hiruzen -1.09145.723 0.013 -6.773%26.055 0.027

China 3.51949.045 0.080 -6.030x9. 381 0.080
T T R

’

*+ mean + S.D.
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Nb, TOZ &L, HEHWHMEAOEEE L EAELHFL VI EVnZ L),

L - B (2001) &, BECRFRFEHMEFILFEERIIBWTNELLAF L ) F£50
ROFEE VT, B &R CREFFFEHIRE, 1970b) ICX o THEE S
DM OBERMIEICN T AREY, HNRELFEREICL > TR L, ZOME, H
FHIMAENIC L A HEERMEOM A (P EEEFEZE) CEERER, AFTLM3E
7.114% £0.028n, & ./ FT8.402+7.300% &£0.025m & e o7z F 72, AFITH L TIEHEG
FIRMFERAS, &/ FIox L CIRERIO MRS, ZNFIRRRE LBEEREO W ILICB W
TOMTIINEWEER Lz, 2L T, ZOFRELS, EMELBEOVTIIIBVWTY,
BRI & BB MR L O TES IO b wvw & iERR L 72,

Db &9 BGER R ST 5 &, BERIMERIC X o THEE & 1L 5 B O/
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OFMBEEOBRBICBWTECERINTVAEIRICH S, T2, BH Gkl - 2JIl, 2001)
THBICHWEAX v ) FOBBIHMBEROIECERA SN TS, 20 &) BRI R
EHFRIMFENR L O T, EELIEEOVWTNICBWTHELP DI LN E W) 2 L,
FME ORI B ZEM R 2 FAEORBRIMER 2 BRI EAANEEE L T,
FHERFICRE ZMBEIZE L W REZ RET 5, &5 F 2, BERLIOCREERRED
EERHOR L OSBRI EE T E AW D A HRRIMBERO A, RENHIBORS
TG E L TR SN T ARBIIMBE LI VO FHATHA ) LEBELWEEZ D, 55
WIE, BB LR TR, BABEREICL > TRBIICRESNIBEEE 020, ROW
BCRICWCFBEBIELZY, BEEWEEREEOBICLELGEBEBTD 556 1IRH0 5
BRELGD L VS RENLMENE L5808 H 5 (FH, 1987), Zhicx L, HHEHK
MRENIIEBRNICRESNAREZEC I L R CHBMICHEI NI TWwE LD, [11X» 5645
5 &) ICKOMALTRITPEESLTEBY, T/, ZELGEBOMENIELLZ LD R,
PDEoz kb, $tEHOBMELIEET S LT, BHHEREIRLAEDZHERD 12T
HbHEEZD,

V. # B

RFFETIE, 4 2DREDHBUT BV TIUE S N2209K0 7 I < v <k L, B (L -
B, 2001) ICBWTEHE LAHRNHM B2 EH L, ZOEMELBEEZRIE Lz, 208k
R, HEEIOMIRNE A T =000 L CTERICIHZ SN2 EMELREL M TwbLEI bR
72 TOZ L, HmIIMBROEENE L BAME IR T IERRARLLEZ S,

MR 5058, & < o llEs (BMERISE) OFBICBIY bR b BEERFEED 1
DTHo7ze LHL, EROWIETIE, BMEORNDEL LTERENTEY, LB LM
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