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Empirical studies on the errors arising from tree height measurement ()

Errors of height-diameter curve and their effect upon the

estimation of stand volumes.

Shigehiko WADA
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Fig. 1. Topographical map of experimental plot.
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Table of diameter and height distribution (Experimental plot I)
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# 2 HE-HEEIAEER  GRX 1D
Table 2. Table of diameter and height distribution (Experimental plot IT)

< H(m ] .

\() 151617 |18 19 |20 |21 122|231 24| 25|26 |27 |28 | 29 3oi31 32 | ih )

D(cm) \ ‘ \‘ \ | |
18 1 11 ‘ | 3
20 1 11 3
22 1| s 1 1 8
24 1 145 3] 1]1 16
26 1 2l 2| 4 1 10
28 2l 1l 1] 4] 1] 3] 1 13
30 IR 31
32 104 1] 4] 3] 5| 41 1 24
34 5/ 5| 3| 4, 4| 6| 1| 2| 1 31
36 1/ 2| 6 5| 1] 4 1] 1 23
38 \ \ ol 4l 9] 7] 1] 1| 1 25
40 1 1] 4| 2| 2] 3) 2] 2 1]2 120
42 2/ 2 3| 1] 2] 3 1 14
44 \ \ 1] 1] 33 1 1 10
46 2 1] 1 1] 2, 2 9
48 ‘ 1 1 1 1| 2 6
50 \ \ \ 1 3 1 5
52 | 1 1
54 i | 1 1 2
55 \ | |
5 ] IR

! i

e 1\ 2| 2| 7115013 |25 2621|3133 |24]|17|14| 8| 6] 9| 1| 255
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Table 3. Table of diameter and height distribution (Experimental plot I)
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4 H B X o # =

Table 4. Outline of experimental plots

#HOB KX B KX BB X HOB X
Experimental Experimental Experimental Experimental
plot I plot TI plot I o plot M (I-1)
i) #
Area (ha) 0.976 1.178 0.750 2.154
369 255 434 624

Number of trees

ha % o b K ¥
Number of trees per hectare 378 216 o79 290

f\/iean dAiameteEr (cm) 28.27 34.61 33.29 30.86
LERELE= 10.41 7.48 8.25 9.84
Coe%ciic%ntogf %ax%ti{f:n %Z(%) 36.8 21.6 24.8 31.9
& coness o5 —0.282 0.614 0.067 —0.600
2 artosis 5 2.397 2.883 2.820 2.750
Nean baight © (o 18.60 23.92 20.77

BE o e R 5.27 3.38 , 5.29

Standard deviation

Coefﬁci_e'%;ltdgf /ng%tio\n §51(%) 28.3 14.1 25.5
Skewness (Sk) —0.726 0. 400 —0.845
;;urtosis (as) 2.393 2.629 3.018

l\%asurﬁ] vohﬁe (f3) 256. 2589 288. 4078 544. 6667
ha & 7o O # % 262.56 244,83 952. 86

Volume per hectare (m3)

¥ HBRIZR¥FOH, LTRAFPMCE/ + (164, 6.3756nf) hH 243 FRicRBELTEEN,
FBX Ta SRIEBRR I WNICHESTEI2AGREEOEEER HYESEOMEY OLDLBEX
htdo

FEERMHEZO - OMBEEOBRELBI/NEL T3 Lits -~ T, EXHMHEEORHEEZE
BRI LCENTEZEEZILNSDT, HTOENT UAMBROBAYO BREL fT1i- 1k
T, BB L2 ZNoOMBERRRZED, 20> boRA&INEHILOERBRICESHNT
RSN bOREEMFAF UAGMBELRLE UTRAT S L &L,
CRCEHINCBEELHEOEEZANT, W 2r0RBHBRERRCIVERERS L OHE
BEAZRY, ChEEABSEOMOREERALCLICED, HEMBROBELRTEELED
C, BERECEOHERTEZRYD, ChiX - TLEEMBEERL SCE-EERIHEMEICNT S
EHHBOMRNERD, SHOBEBIVEBERBRELT, COBBR I DBEHBORM
EHBRSHEORECKIZTHELHO M UL D & L,
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1) Bk
BRERVLN TV IHREED S bTREORKET BT ENTEE0, KD 4DOHKRET
BBEEAOND, L LOBMARE, RESHLRETIEFHFALCH LB SN
0T, HAUORELVIIDRO L IEHESELHEHBT DI RRE L TEALSOD
TH 5,
® AEFHERE  CABHRET ARG hE A R E (LR—
ATH)
Vi 4 (m®), D: EE (cm), H: #& (m) DFRAL

B B # e
4 2 J:. log V'=5.80793 +1.82696 log D +0.99227 log H

© FERBHMABE | (LEHF R+ TABHRE
MER log V=>5.7180+4+1.7985 log D--1.1070 log H
® A&, AR, KR KEEBKR S ATHIABHEE
HMER log V=5.7705434-1.763497 log D+ 1.105414 log H
@ EREMLEYT | FEHF R FTANRE

R

ek # # =
20 P F log V'=>5.86158+-1.91613 log D +0.87335 log H
20 ~ 30 log V=5.51444+2.01705 log D+1.04166 log H
30 Pk log V'=5.7894141.94543 log D+0.89725 log H

2) MBEEROHEABOBREIES KURKE

VWE Y BICRORBEIC I OELEME, «~ S MBEEMBEL LD, £hehBdET 5 A%
EHEE, TNTOMBREMREEMBES BT SLE3, FEAa2ES 45° OBERLCTTO
EBEIRTTHE, LALBRCOISKEST, COEROLTIRESIZY, —RcBRER
F—atbx HEBONB, LichoTEAXOHELK 2 & b Ot a=0, b=1 & HEEHD
EHEIDERELTHNEINC EDbh D, COLDITR 4 b 2R ICRET 5 HEE,
FABCRETEZHEENHD, BERY & x OWMBORLEL I TIEL, 3 x OL2AKD HEd
RETEZLVHIERBEORFZRATOAIDT, B HDEEZI LN, TRLRENGE
b KThbd, CODICITRRK

(n—2)[n(a—a)2+ 23 o(a—a) (b—b) + (£x.2) (h—b)7]
o ZWZI(_ya—é——?)xa)Z

T*mtﬁ%,EmE&L(wﬁ)@Fwﬁtﬂm?5c¢m;ofﬁabn§1
BEBEBELEBORELSH-TH, RBRIBIUIT 082 —FE L THA LUK,
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5 BTHEKXOEASMHOBRE
Table 5. Test of goodness of fit of standard volume table

[ -
ﬁ\%ﬁr%ei | ‘%%I%éﬁé? I%um*écr %‘ [5] Jat 2 *ﬁTest ofE (}%ﬁiﬁ%ﬁt
diameter grade : Regression equation PO of volume
table tested (cm) materials significance table
‘ 6 ~ 20 94 P=—0.0047+1.1119 x 51. 54%* Z unfit
(?& & 5 ‘ 22 ~ 40 444 #=—0.0018+1,0631 x 121, 74%* % unfit
Kinki | 4~ 98 86 $=-—0.0173+1.0715 34.01%* & unfit
} 4 total 624 | $=—0.001141. 0628 x 203, 22%* & unfit
‘ 6 ~ 20 94 ! = —0. 0001 +1. 0508 » 14. 96%** 7 unfit
@m . C 22 ~ 40 444 $= 0.0103+0.9972 3.87* % unfit
Yamaguni 42 ~ 58 86 = 0.044140.9769 x 0.25 W fit
‘ 4 total | 624 p=. 0.0107+0.9951 x 3.28% 7 unfit
6 ~ 20 94 1 =—0.0025+1. 0480 x 9. 05%* % unfit
j(ﬁﬁs‘é’ﬁ( 22 ~ 40 444 = '0.0016+1.0031 1.05 B fit
Ono 42 ~ 58 86 $= 0.0165-0.9977 x 0. 40 & fit
4 total 624 = 0.0012+1.0044 x 2,08 & fit
6 ~ 20 94 $=—0.0059+1. 0506 x 5. 01%* % unfit
@:.E ¥ H P22 ~ 40 444 $=-—0.011740.9873 27.27%* % unfit
Yoshino 42 ~ 58 86 = 0.0101+0.9541 x 16. 36%* % unfit
4 total 624 = 0.0060+0.9631 x 69. 08** % unfit

x: MFEEMFE Volume estimated bymeans of standard volume table
y: £ # F Measured volume

BEMER, EEREENOERABLIUBREFRRERT L, £50L5DTH5,
EZLoBHALLRL DK, O, OHFFHHIRIRTOERERIKLBENT, OO THES
HMBEL, ~BICORFEERIVRESVERORCH LTREMEEZ, OTRBREEZSLT
WHT EBbhot, EEMAFTRIAEEGRTHD, RROFZOHIE, HiTHE EEREKR
BEATRACEC L > TRBEENOMOEELABELE LTVEDKR LT, TCOFAEMFTIRT
Ng TSR 2,5004&/ha BE, HBHKEHEZC X >TH/ZDT, ThBBECVLTEH
BOELR-TELhELDTHAS, BRALLERAULBERICOVTEE 6~20cm DL D
@E%ﬁ(hw‘%LENk&C5,OEMi&MlT%oT,ﬁ%ﬁ@éhwﬂﬁ%)&ﬁﬁ
% (20.9=0.407) OHRicH B3, BIZEEQOTHFAF IOV TOREDHEELEKT 5L, &
LBREOBIBT B EICEE, SHHF T 20.9=0.560~0.590 T b HEPREIC L 5
THLPRERAERT OMNHEEVDNTNEDOT, HBEEROHSUOBREILBHNTLERLEDOLS
REESEONCORBERTHIEVAL D, BHRNCHEENEEL CL3@IUEFCENT
@I ERBED SN, —BEROTHAS LBV ENLI LS, OQREFAILANFZEFHREE
BRI SICELRUELITRICH D, £ THERINIHMBERIFERF D 6~20 cm O/NME
AEHUCTII#EE LIV, W LOBEREZETARACE UCRERTETH LT E8bh
>tz, ) ‘ .
APFEOHMIZ, MBEBEEZLBI/NEIL LELLET, BEREED—DOTHIBEHBEELHR
W32 HdDT, FLIMBREHPT LI LE LT, 5

RBe/ FIERC OO THRBFHEREFE L8 /) + UAMBREO#ESEERE LI E L
5, ROXDIUBFHRDPEONTHEHRAFETH S Ebd -7,



108

$=0.0005-+1.0108x
Fo=0.281<3.7389 (F?1400.05)

3 FHEMFRAFIIABMEEZORH

B TAESERETRCBAFATHRIE OO TONABMBERIZI L, RIGRIMERE
FETBELREL 728, BEACOLOBHERATEBOELVIBREMSE NI L, BXU
YHBKRD ATEKRMDBEL AL TOBRRKES, 20%ERK - EREZNECEET 2709
2y, HEODO, ULhHEREHBEEREE2 O 2CLOBEERLADONS LS, ZhidFAR
HROBINE DR —FH LIcDT, FliEE A IRBHBEELZERT L& LD
Thb, bbAASEOCEREZRE L ZEFREDLOLTREINTVEOT, SHRERHOMTEIC
£oT, XVRBEUMBELTINENDLATHAS S,

W&t 1.2m &L, ERTREBCHIREKICOVT, BHECLIRMAED BRRERT
2HMICONT 2mm BA, BER 1om BATRAE L, BE - MEgilARRERL1~31
AT EBVTH B,

HMBEREE2FRTIBAEERLELCAVOINZDOR, HBEREZBR L TCEhAR/N_FETR
ETBHETHY, MBRELTILAVLLNDZ DAL DDEF DL ERDL IS,

1) HMEEARSEZROAOEBMELTEDLILLOD

® V=aDP (a, b FEH)

® V=aD®—bD (a, b 1Z5EH)

(2) MBEZRSEZLHEOBEBELTEDLLILDO

® V=aDVH?® (a, b, ¢ TEXD
IARBRES—BHBEELARTIBKEELALLOT, BETRBEALOHERY
R E»>TWH5B,

® V=a(D2H)® (a, b BEH)
APEPREAR L BTN, EERBARE LTRAV SIS,

CORMHMBEMESOAOEKELTELLIZLD, HEEEEZEVTEHNT 2850ER
HrRkn AR, WEERE, HEaBXUBERBROBBTRDLLLBDIEEND S,

2Z2F CREABRBRX OB AV CHE LEEHBEROBELBREZOTEEETRT E, K
DXIKILD,

@ ] IR =V BEOHDRERE (%)
HEAR 1 log V=—3.963202+2.555734 log D 13.68
# 1 log V=—3.542572+42.315860 log D 12.64
# T log V=-—3.97047542.575861 log D 15.38
®
HEBX I V=0.001010 D2—0.007682 D 12.13
# T V=0.001162 D2—-0.009313 D 12.78
# M V=0.001104 D2—0.009099 D 14.44
®
HEX 1 log V=—4.201499-1+1.828471 log D+1.014927 log H 5.86
7 T log V=—4.20790441.760161 log D+1.102913 log H 6.13

# M log V=—4.22238141.786687 log D-1.081134 log H 6.05
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®
REX I log V=—4.18763440.941698 log (D% H) 6.01
# T log V=—4.121070+0.929558 log (D2 H) 6.35
» M log V=—4.198125+0.945423 log (D2 H) 6.33

COIHICHERF LT, B, BEO2EYERAVEMBEROFBLVEEELHT S
CEDPHFINIDTH-T, CCTHOERAT B ERRE LD TH B, ARFICERT
BENE S HEMROMEFT LT AMIMBEECLBNT, 2OBERLICKELFSLTVS
DTH 5, : "

VAMBEROERFEE, HRERBEREN ([VAMBEZRBREHRE] KESOTTE-
fzo TRHLEAXOMERIBEHAELA L, ERFEROMBOEERICE - 7ods, 2OBELH
7o C BB JUBRESHZCESVT, FTREBLSOOEHNZTNE >, 20TEHTAHLE
BHcoW0 T, 10 cm EERE EiC b, ¢ 2HREL, SRCAFRROZEORELTE T, &
BEFNEREAE LU THERZARTI20TH S, CZTREBX I8X0TRD0VTR, <4
¥ —OEERBICLA[ELTE > TEONEERADOAEZRTH, 2hoE2RELEEOLD
KREREFEMFAFUABMBERE UTHERETA0LET50T, ROELIKEKELTHET S
zcE&El,

, EEREE | | EaEmEE
sl | BEEM # B = )
|
I 6 ~ 54 log V=—4.295142+1.897861 log D+1.01179%4 log H 5.21
I 18 ~ 58 log V= —4.148198+1.729536 log D --1.093135 log H 5.52
6 ~ 10 ‘ log V'=--4.300906 +2.021946 log D+ 0.912624 log H ( 6.82
m
12 ~ 58 ‘ log V= —4.272555-1.820774 log D +1.080898 log H 5.27
\

Fiedd~ic ko, BRNERBBEREEINTVWE L&, BXU & WMNEROE DI
DT, SABRETTHILECL - TRABMIMBERETILEND L THA S0, HERAL S
TAFBERC OV T EBELLER TRASHEHATE 2L EE2RLECEERELTEL,

4 BEHSEROBES JURAMBERECRZTHEOZS

MAMBEEECHIc-> TR, WAERZELAHELT, 2096 TELETINTOEHRER
Kb X IERALME UTHSZREL, ERLEEIC, BMRERiict-Tr 57 kic
Fuay b L, ERESHEREE7 ) — AV FHLLABHEHEC X > T3 h, TB3HEYLE
BR2zb TR CHalEes. Chr oBERBIIST 2EELRD, ZEHEMER, CER
BICST AMBELZAD, ChREZNWETNEERBABER U TR TIHES—RICAVLNT
W3, Lo THEHEA2> 2 TOBBRKEVTROL I SEENA > T 5,

(1) EXphbickzmz

(2) BARoREREEE

(3) HEmmEIMcEitivETImE
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Table 6. Regression equation and error percentage in each height-diameter curve formula by experimental plot

T B R ) X © B £ =%
Re ﬁ ;E « Regression equation and error percentage
B E 1= %:—g A B c
EB o . TEER(%) . BEE(%) = EEE(%D)
2 = I K . . i3 R )
X & ﬁm R, . ¢ Error Regression fion Iror R ¢ Error
= egression equation percentage g equatio percentage cgression equation percentage
‘ 5 D 2 5 D 2 ~ D 2
| 94— D . A=1.24(. . D i A=t24(.___ D )
® A=1.2+ (5 25094 0. 1553 p) | 1020 1.2+ (2. 1976 40. 1561 p) | 1015 L2+ (5 173340. 1557 p) | 1025
5 D 2 N D 2 N D 2
- D . f=(__ D ) A—(____D )
& A=(ga5770.1565 5) 10.28 (& 954940, 1569 5) 10.28 (z 91894 0. 1566 5) 10.40
® A=loy—— D 10.23 A=l D 10.16 A-l2+ D 10.19
1,184250.0147D 1,134140.0157D 11536 50. 0156 D
~ D ~ D .o~ D
. Db . D ) - D .
1 ® H=t596240.0174 D 10.17 0.9927+0. 0180 D 10.13 0.963670. 0180 D 10.10
® FI— —17.819+ 25.7463 log D 10.48 H——17.817+25. 7426 log D 10.48 H——16.582+25. 0878 log D 10.63
® log H=0.234849+0. 716423 log D 10.44 | log H=0.250737+0.707160 log D 10.39 | log H=0.238535+0. 810212 log D 10.55
@ F—1.240.8179 D—0.0063 D2 |  10.07 F—1.2+40.8198 D—0.0063D2 | 10,07 F—=1.2+40.8084 D—0.0060 D2 | 10.06
B ~ D 2 A~ N D 2 ~ D 2
=1. —— . H=1. e . H=1. —— .
@ H=1 2+<1.8593+0. 1551D) 9.43 ! 2+(1.8610+0. 15471)) 9.27 1 2+<1.7821+0. 15611)), 9.30
| ,
i ~ D 2 ~ D 2 ~ D 2
(D . fA—(____ D ) =(___ D .
® H=(; 7157+0. 1542 5) 9.43 (¢ 7204+ 0. 1535 5) 9.28 (¢ 64854 0. 1548 b) 9.31
® A-124. D 9.42 A=1.24____D 9.26 A2+ D 9.28
0.791240. 0211 D 0.7868+0. 0209 D 0.750350.0217D
| k A D 9.43 i D 9.25 A D 9.27

~0.7107+0.0212 D

~0.7081+0.0209 D

H=4 675750.0217D

o1t



H=—17.275+26.922410g D 9.

® 4 | H=—17.467+27.0466 log D % 9.26 \ H=—15.366+25.7383 log D \ 9.28
e B | o o
® | log A=0.603232+0.503858 log D 9.44 \ log H=0.603039+0. 505091 log D } 9.28 \ log H=0. 647271 +0. 475409 log D 9.29
- N T
® A=1.240.9941 D—0.0093 D2 | 9.4 “ H=1.240.9927 D—0.0093D2|  9.35 A=1.2+1.0182D—0.0096 D2 |  9.59
. ! _ R o
D 2 \ D 2 ! 5 D 2
- b ) A= ) 1o D .
®© H=1. 2+(2 28710. 14911)) | 11.08 | 1. +(2 3308+ 0. 14970) 11.00 | H=1 2+(2. 183840, 15071)) 11.02
n D 2 ‘ oy D 2 ‘ 7 D 2
® H= (m) 10 H= (500555 0,155 D) ’ 11.04 A=({ sz 10.1517D) 11.09
| - ro. b R
A D ] D . D
® H_1'2+1. 1515+0.0135D 11.32 “ H=1. +1 104040.0143D 11.14 H_1'2+1. 1368+0.0142 D .31
o D " D - D
® H—0.9807+0.0158—D 11.19 ~0.9483+0.0163 D 11, 07 ‘ H= 0.9542+0. 0166 D .12
® | — —20. 448+ 28. 2009 log D 11.23 B~ _20.464+28.2084 log D 11.19 H=—18.129+26.7321 log D 11.29
® log H=0. 232856+0. 729991 log D J 11.60 | log H=0.247785+0.721735log D | 11.48 | log H=0.229287+0.726242log D | 11.75
® A=1.240.8346 D—0.0059 D2 | 11.08 A=1.240.8358 D—0.0059 D2 | 11.03 \ A=1.240.8200 D—0.0056 D2 | 11,07
o |

Height-diameter curve formula:

CRCNCECRONCORC)

NAsLunD’s formula

varied NAsLUND’s formula

Reciprocal formula

varied Reciprocal formula
HENRICKSEN’s formula

varied STOFFELS and VAN SOEST formula

TroOREY’s formula
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G ERA LTI - b0 E LTHREDHERSD, (3) iKonCREElERT X
i, $BETAHEHRRNIIFERTHLESOY TEACAERELVESIESE L0 3
B, 7V— e "V FHEIKEEE, FOAOBEES JUEFRAHBOR STV ICLZHEHRED
HEPTRICHIDY, —RIELBOOEAZLZEDL, LrIBEHMBOBEORETNLEE
BLTW3,

ARETREAERNOBRICLEEBTESLDT, (1) LU @) @HRsAELT B) @5
BT%&<Kﬁmﬁﬁf®ﬁAﬁ®ﬁ%%&btﬁfmféckmbtm

ﬁﬂm&ni BEEREORPIHASZOMA I HEHRRN I 0E SR i, ZCTRZEOH
DORBEHIAVLN, ILHBELAENRROSXERAN, BBALN T LME (H) ©
EhicHEU Lo#E (H-1.2) 2H0kb065507T, BREERO 2RSS B LD
GRFTREE ST,

@ NisLunp 3 H:Lu{a%ﬁf (0, b %, UFRHL)
® FLER H=(, BV
a-+bD
® ¥ MR H=12+L
® BLER H=,205
® HENRICKSEN = H=a-{blog D
® StorrFELs and vAN SoEsT Z I, H=aDPV
@ TROREY H=1.24+aD—bD?

L LE#is, CRBORBOTNLERHRMICZLL, BRAICSLONE 0T, Eh
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TEEMsh, BEOOLER
g
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TS T LT B,

LZATEEORRTVB LI, BREEHESRDEZLOLTHHBKZDTIREL,
WrEE» SMB~OBTICEY S BEEEOKOEEHERED 1D OWAR E LTHESE S
NBEBRERD L CEERBEBH 2 L0 I ERZEBLETHIIES R0, I 5KER
—HARC BT 3 ZERBOROELHE, AFI LB, Lid-T, 23RO KRD
MESTFICT IEEBIMBEOLRIE LS, —20HEL LT, RERBCEIZRBOUE
REEDBCTEENHIROHMNH B, AREZLHELIDREOVHMBRERLZ D 2EERICE, &
DEEBEMWNSVERE LD GZSOREREZEHDETELICTNENLENZ S, ZOLHTE
ZWIMTE, EREIMBCEAITORRICERE LT, ZOMKEBELBEREF >ER
BEAAS 2 CEBTERCEASETHEARKAZZ DL T2008E LV EEHLTVWS, T
DRI UTchi- T, AR TS CNICBIcEEETTIZY, RIGENBE LI T Rk -7, #
FHBRLOBAES SICEIMRIMBHECRZTEBCODVWTEEZLMA L E LT,
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A BEBIUBSENELZ T NTHECHOELD

B EERCLOVPHERLEHHEOFNFNEEAKTEASIA LTHVW LD

C:HEECLOVHER CEHEEARA VGO (—RICAV SIS HE)

WTNROBA b EBROBEMBRRNICOVT, BNIRBICX > T2OEREREL, HRRX%
KD D, TORKRICESELABRICOVT, MAOKE (HE) & coERBRTHRELLZZhIC
STAEEDRBVELONT, MEOHEETL-OTH 3, ThZhOBERRB LURER
REOKRTEBDTH B,

8 Height {m)

/ Regression equation ©

o} )2
2838 + 0.1507D

=12 +(

2
* (183633015770 )

. )
-2+ {7358 ooiazo

PR » B
* 09542 + 001660
= ~18129 +26.7321 logD

I> 1> I> I> I>

ONONONONCONS)

logH =0.229287 + 0.726242 logD

(@ fi-12 +082000-00056D2

%t measured value

@,
S—O"/

P A T SN SN S SN (N SRS OO S S S TR ST S S
10 20 30 40 50 D.B.H. {cm) .

Fig. 2. Height curves (Experimental plot ).
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EHOLHLHINR LI, FEEHBERABIVOLEFECI3HLLBEZED ORI, T
CTRWEEECEREAL SEAMEIL L2600 TH 500, THHES LBERMLIIRE
L938DTHD, LIch- TRBHECLZERRVORTUAMRTHD, EBAKMMHE K
DNTHDTHRFATILEND L IHCBDLNE, THEHBRAOBcESED LNV &
7, PERZHSHESEINTENE, BERLGLLLINEROBRIMSTLOIEETR
W EERTC LB E, L LEASHEMED 1 AERFT2ER20L5 112D, A
O PIEDDROERT GDOHEDT, RIKBDIINHECX -~ THEITTAZEE2R
Hic. BHEBREOREIK X - THIBRIRECLZ2DOTHEALS LEAONEZEB LOENL
CRDONDEY, WEIMEARZOEE LEBRESEVNLE S RBLLTREN,

RicbRENZEBY, WEHBROBBREIRNCLL > THEVELY, BINBIUEKRITED
iz, RiCE2ERESH 3m, PEAKBOTRY 15m BE SR ->T05, Likh-sTRR
A2k UTHEERABNET AL BHMBHSEINTOIZEIKRY, BERDATHT S
LRTEBY, FEREMETEHS TROREY RICHE VTR, RBRICX->TREAERLD D
BB ARAEEBCEHD, RERBEASLONIDT, EMERHNRH» SHREBEBET S
TEEZEZRTNTIESNEN,

# 7 HEEHBEEMEOBRERSE L UEROBRE

Table 7. Error percentage and test of regression of estimated volume by diameter grade

FE %
DB WA B o) | thhotdgntne B0
plot formula A ‘ B C ‘ A [ B 1 C
® 5.12 } 538 | 5.3 | 3.777% J 4.688% | 21.421%*
® 4.67 5.59 5.52 | 1.036 |  6.054%% | 3],182%*
2 ® 6.30 } 6.44 5.76 J 2. 450 ‘ 4.073* ‘ 2.214
1 ® 5.68 419 | sl | 223 | 0.502  3.956%
® 5.02 502 | 5.64 1.408 0.340 . 7.228%*
® 7.76 / 8.32 / 6.69 | 3.479% 5. 002% 3. 528%
@® | 512 5.55 5.58 3. 766 6.928%* | 10.613%*
0 { 3.90 3.90 r 3.73 0.190 | 0191 | 0.319
® 3.90 3.90 | 3.73 0.191 0.191 ' o0.311
® 4.62 3.34 | 2.87 0.722 } 0.088 |  0.056
I ® 4.62 3. 42 3.51 0.721 |  0.626 [ 0.001
® 3.90 3.34 3.51 0.191 | 0.080 '  0.001
® 4.23 4.18 4.64 0.439 ( 0.471 |  0.561
® 5.32 3.54 5.86 0.844 | 0.1%4 \ 7. 284%*
@ 413 | 361 | 361 | 0.340 | 2431 | 2.431
® 3.98 3.28 4.01 0.025 2.489 | 2,909
6.05 |  5.35 597  0.050 / 1.609 / 0.958
1 ® 5.33 4.83 4.80 0.260 | 1.023 |  0.230
NG 3.98 3.98 4.40 0.040 | 0.040 |  0.761
o ® 7.55 6.57 6.68 0.136 | 2.142 0.210
® | 47 | 470 478 | 4172% | 4.180% 3. 800*
[ : F223(0.05=3.4221, F23300.01)=5.6637
O: F2;3 (0,05;=3.5546, F215(0_01)=6.0129
Ii: F224(0.05=23.4028, F254(0.01)=5.6136
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HEX 1 4.01% 0. 642
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REX I 2.49% 0. 869
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Résumé

In this paper, the author, aiming to analyze various estimation errors which crop up
in the measurement of tree height, one of the stand structure factors, studies the effect
of selection and solution of the height-diameter curve formula upon the estimation of
the stand volumes.

The goodness of fit of four standard volume tables was tested with the materials col-
lected from experimental plots of even-aged forests of Sugi (Cryptomeria japonica D. Don.),:
as is shown in Table 4. ‘

The result, shown in Table 5, indicates that a new and more accurate volume table
had to be constructed. Then, two formulae were chosen from both the one-variable
and the two-variable volume formulae respectively, and the regression equation and



Standing tree volume table of Sugi (Cryptomeria japonica D. Don.) in the Ashin district (Kyoto Prefecture)

A O£

X F L KB M R

=

unit of volume: m3

Diameter cm

60

Diameter cm

— 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58
Height m Height m

2 0. 0016 2
3 0.0022 | 0.0051 3
4 0.0029 | 0.0066 | 0.0119 | 0.017 4
5 0.0036 | 0.0081 | 0.0146 | 0.021 | 0.030 | 0.037 5
6 0.0042 | 0.0096 ; 0.0172 | 0.026 | 0.036 | 0.045| 0.058 | 0,071 6
7 0.0049 | 0.0111 | 0.0198 | 0.030 | 0.042 | 0,053 | 0.068 | 0.084 | 0.102 | 0.122 7
8 0.0055 | 0.0125 | 0.0223 | 0.034 | 0.049 | 0.062 | 0.079 | 0.098 | 0.118 | 0.141 | 0.165| 0.191 8

9 0.0061 | 0.0139 | 0.0249 | 0.039 | 0.055 | 0.070 | 0.089 | 0.111 | 0.134 | 0.160 | 0.187 | 0.216 | 0.248 | 0.281 9
10 0.0068 | 0.0153 | 0.0274 | 0.043 | 0.061 | 0.079 | 0.100 ' 0.124 | 0.151 | 0.179 | 0.210 | 0.242 | 0.278 | 0.315| 0.354 | 0.395 10
11 0.0074 | 0.0167 | 0.0299 | 0.047 | 0.067 | 0.087 | 0.111 | 0.138 | 0.167 | 0.198 | 0.232 | 0.269 | 0.308 | 0.349 | 0.392 | 0.438 | 0.486 | 0.536 11
12 0.0181 | 0.0324 | 0.052 | 0.073 | 0.096 | 0.122 | 0.151 | 0.183 | 0.218 | 0.255| 0.295 | 0.338 | 0.383 | 0.431 | 0.481 | 0.534 | 0.589 | 0.647 | 0.707 12
13 0.0195 | 0.0348 | 0.056 | 0.079 | 0.104 | 0.133 | 0.165 | 0.200 | 0.238 | 0.278 | 0.322 | 0.369 | 0.418 | 0.470 | 0.525| 0.582 | 0.643 | 0.705  0.771| 0.839 | 0.910 13
14 0.0372 | 0.060 | 0.085| 0.113 | 0.144 ; 0.179 | 0.216 | 0.257 | 0.302 | 0.349 | 0.399 | 0.453 | 0.509 | 0.569 | 0.631 | 0.696 | 0.764 | 0.835| 0.909 | 0.986 | 1.065 | 1.147 14
15 0.0397 | 0.064 | 0.091 | 0.122| 0.155| 0.192 | 0.233 | 0.277 | 0.325| 0.376 | 0.430 | 0.488 | 0.549 | 0.613 | 0.680 | 0.750 | 0.824 | 0.900 | 0.980 | 1.062 | 1.148 | 1.236 | 1.328 | 1.422 15
16 0.069 | 0.097 | 0.131 | 0.167 | 0.206 | 0.250 | 0.297 | 0.348 | 0.403 | 0.461 | 0.523 | 0.588 | 0.657 | 0.729 | 0.804 | 0.883 | 0.965 | 1.051 | 1.139 | 1.231| 1.326 | 1.424 | 1.525 | 1.629 | 1.737 | 1.848 16
17 0.073 | 0.103 | 0.139 | 0.178 | 0.220 | 0.267 | 0.317 | 0.372 | 0.430 | 0.492 | 0.558 | 0.628 | 0.701 | 0.778 | 0.859 | 0.943 | 1.030 | 1.122 | 1.216 | 1.314 | 1.416 | 1.520 | 1.628 | 1.740 | 1.855 | 1.973 17
18 0.109 | 0.148 | 0.189 | 0.234 | 0.284 | 0.338 | 0.396 | 0.458 | 0.524 | 0.594 | 0.668 | 0.746 | 0.828 | 0.913 | 1.003 | 1.096 | 1.193{ 1.294 | 1.398 | 1.506 | 1.617 | 1.732 | 1.851 | 1.973 | 2.098 18
19 0.116 | 0.157 | 0.200 | 0.248 | 0.301 | 0.358 | 0.418 | 0.485 | 0.555| 0.630 | 0.708 | 0.791 | 0.878 | 0.968 | 1.063 | 1.162 | 1.265| 1.372 | 1.482 | 1.596 | 1.714 | 1.836 | 1.962 | 2.091 | 2.224 19
20 0.166 | 0.212 | 0.263 | 0.318 | 0.378 | 0.443 | 0.513 | 0.587 | 0.666 | 0.749 | 0.836 | 0.928 | 1.024 | 1.124 | 1.228 | 1.337 | 1.450 | 1.566 | 1.687 | 1.812 | 1.941 | 2.074 | 2.211 | 2.351 20
21 0.175 | 0.223 ! 0.277 | 0.335] 0.399 | 0.467 | 0.541 | 0.619| 0.702 | 0.789 | 0.881 | 0.978 | 1.079 | 1.185| 1.295] 1.409 | 1.528 | 1.651 | 1.778 | 1.910 | 2.046 | 2.186 | 2.331 | 2.479 21
22 0.235| 0.291| 0.353 | 0.419 |.0.492 | 0.569 | 0.651 | 0.738 | 0.830 | 0.927 | 1.028 | 1.135| 1.246 | 1.362 | 1.482 | 1.607 | 1.736 | 1.870 | 2.009 | 2.152 | 2.299 | 2.451 | 2.607 22
23 0.246 | 0.305| 0.370 | 0.440 | 0.516 | 0.597 | 0.683 | 0.774 | 0.871| 0.972 | 1.079 | 1.191 | 1.307 | 1.429 | 1.555| 1.686 | 1.822 | 1.962 | 2.108 | 2.258 | 2.412| 2.571 | 2.735 23
24 0.320 | 0.387 | 0.461 | 0.540 | 0.625| 0.715| 0.811 | 0.912 | 1.018 | 1.130 | 1.247 | 1.369 | 1.496 | 1.628 | 1.765| 1.908 | 2.054 | 2.207 | 2.364 | 2.526 | 2.692 | 2.864 24
25 0.334 | 0.405 | 0.482 | 0.564 | 0.653 | 0.747 | 0.847 | 0.953 | 1.064 | 1.181 | 1.303 | 1.430 | 1.563 | 1.702 | 1.845 | 1.994 | 2.147 | 2.306 | 2.470 | 2.640 | 2.814 | 2.993 25
26 0.503 | 0.580 | 0.681 | 0.780 | 0.884 | 0.994 | 1.110 | 1.232 | 1.359 | 1.492 | 1.631 | 1.775 1.925| 2.080 | 2.240 | 2.406 | 2.577 | 2.754 | 2.936 | 3.122 2
27 0.524 | 0.613 | 0.710 | 0.812 | 0.921 | 1.035| 1.156 | 1.283 | 1.416 | 1.555 | 1.699 | 1.849 | 2.005 | 2.167 | 2.334 | 2.506 | 2.685 | 2.869 | 3.058 | 3.252 27
28 0.738 | 0.845| 0.958 | 1.077 | 1.203 | 1.335 | 1.473 | 1.617 | 1.767 | 1.923 | 2.085 | 2.253 | 2.427 | 2.607 | 2.792 | 2.984 | 3.180 | 3.383 28
29 0.766 | 0.877 | 0.995 | 1,119 | 1.249 | 1.386 | 1.530 | 1.679 | 1.835| 1.998 | 2.166 | 2.340 | 2.521 | 2.708 | 2.900 | 3.099 | 3.303 | 3.514 29
30 1.032 | 1.160 | 1.296 | 1.438 | 1.587 | 1.742 | 1.904 | 2.072 | 2.247 | 2.428 | 2.615| 2.809 | 3.009 | 3.215| 3.427 | 3.645 30
31 1.069 | 1.202 | 1.343 | 1.490 | 1.644 | 1.805| 1.973.| 2.147 | 2.328 | 2.515| 2.710 | 2.910 | 3.117 | 3.331 | 3.550 | 3.776 31
32 1.389 | 1.542 | 1.701 | 1.868 | 2.041 | 2.222 | 2.409 | 2.603 | 2.804 | 3.012 | 3.226 | 3.447 | 3.674 | 3.908 32
33 1.436 | 1.594 | 1.759 | 1.931 | 2.110 | 2.297 | 2.491 | 2.691 | 2.899 | 3.114 | 3.335| 3.563 | 3.798 | 4.040 33
34 1.817 | 1.994 | 2.180 | 2.372 | 2.572.| 2.780 | 2.994 | 3.216 | 3.444 | 3.680 | 3.923 | 4.173 34
35 1.874 | 2.058| 2.249 | 2.448 | 2.654 | 2.868 | 3.089 | 3.318 | 3.554 | 3.797 | 4.048 | 4.306 35
36 2.524 | 2.736 | 2.957 | 3.185 | 3.421 | 3.664 | 3.915| 4.173 | 4.439 36
37 2.599 | 2.819 | 3.046 | 3.281 | 3.523 | 3.774 | 4.032 | 4.298 | 4.572 37
38 3.377 | 3.626 | 3.884 | 4.150 | 4.424 | 4.706 38
39 4.269 | 4.550 | 4.840 39
4.387 | 4.677 | 4.974 40
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its precision for each formula were examined. As a result, the formula shown below was
chosen because its precision was highest. The standing tree volume table of Sugi in
the Ashiu district was constructed on the basis of this formula.

Standard error of

Range of diameter l
‘ Volume formula estimate (%)

grade (cm)

6 ~ 10 log V= —4.300906 +2.021946 log D +0.912624 log

H
12 ~ 58 J log V= —4.272555 1 1.820774 log D+1.080898 log H
|

J 6.82
{ 5.27

Next, the precision of various height-diameter curve formulae was examined, and
the result was that these formulae had a tendency to be affected by the stand structure,
though no remarkable differences were found amongst them (Table 6). In each height-
diameter curve, however, there was about 3-meters difference at certain diameter grades
as is shown in Figure 2. Then, volumes for each diameter grade were estimated ac-
cording to the volume table shown above, the deviation of the measured value from the
estimated value was examined, and its error percentage (standard error of estimate)
were calculated (Table 7). Moreover, the regression equation of the true volume to
the estimated volume was established, and the regression constant and the regression
coefficient of each set were tested at the same time, making use of the confidence ellipse
(Table 7). Using these two methods, it has become clear that NAsLunD’s formula and
HeNRICKSEN's formula are highly suitable for this stand as a height-diameter curve formula.
In passing, the height-diameter curve formula can be used satisfactorily, provided that
it is measured accurately by the mean height of each diameter grade and by a mean
diameter.



