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Studies on the Method of Analysis of Tree Growth (5)

On the Stem Analysis using Cross Section in an ordinary Log-Making (2)
——Measurement of Volume——

Koji Fujimoto

Synopsis : This report deals with the measurement of volume of each age grade in a stem,
using cross section of 2 meter log-woods (stump height is 0.1 meter). The methods of measurement
are as follows;

: Volume of the age grade.
: Diameter of the age grade (Additional figure indicates the cross section height).
: Cross section area of the age grade ( ” ).
: Height of the age grade.
: Height of the topmost cross section in the age grade.
tat H-M>1m N=M

at H-M<{1m N=M-2

Z2om®m A<

’ v":210 (go.0+go.1) Volume of the stump.

vs=gz.1+2 (g4.14ge.1+ +8M-2) +gM+% &M (H-M)---- Volume of the upper stem
above 2.1 meter in height (by the Smalian formula).

vh=2 (gz.1+gg4.1+ +8N) +% gN+1 (H-N-1) .- Volume of the upper stem above
1.1 meter in height (by the Huber formula).

Vrn:Vh‘l‘% (81.1—82.1) o Volume of the upper stem above 1.1 meter in height (by the

Migita II formula).
Method A VA =v/+g¢.;+gs.1+vs

Method B VB = v’+% (go.1+82.1) +g1.1+vs
Method C Ve = v’+% (go.1+4g1.1+82.1) +vs

Method D Vp = v'+% (o.1+81.1) +vh

Method E - VE= L35 (do.+d;.)%+vh :
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Method F VF=]”1(&hLi§kl+glq)+Vm
Method G VG =1.1 (g%g—z‘—wgl.l) +—;— (g1.1+gz2.1) +vs

(Estimation of d,.; is applyed Method I in Report 3 correspondingly.)

Outline of the results is as follows;

1) The methods using only cross sections in ordinary log-making brought a large error to the
measurement of the lower stem volume (under 2.1 meter high). Therefore, in order to take an
accurate measurement of this part, though the calculation is rather tedious, it is advisable to use di.:
simultaneously as well.

2) The accuracy of Method C, D, E, F and G is slightly better than that of the Huber sectional
cubing formula in existing stem analysis. Especially Method F and G could obtain gratifying results.
Therefore, it is advisable to apply these methods to the stem analysis using cross section in an
ordinary log-making.

3) Method A is very simple, but it has the largest error. Method B leads to noticeable error,
also. Accordingly, these methods cannot be used practically.

4) An expedient method that need not estimate d;.;, was obtained (Method A’). That is
shown below.

(var
Va)
(VA) : Volume of the stem with bark by Method A.
[ (VA7): Volume of the stem with bark measured exactly by any method.

This method leads occasionally to a somewhat large error in a young age grade. But it may

safely be said on the whole that Method A’has about the same accuracy with Method C or E, in

other words, that this method is accurate enough for practical usage.

VA’'=VAX

BB EERM R - ROWEY FIRT 5, SRR REFEY RE L (RERER 0.1
m, M~ 2m), BRFOKERELZENTIE, ROLEYITHS,

1) #EE2.1m U FOTIHEEE, BMEEbrkE, HEEMEOME kS 0.1m X0 2.1m
OWE) D& bOIEMRET, FECIom Ly, & & T, Smalian K, +1 v FRERR LOPHE
BEFEA LS, WFhbhik ) BARERYE 2. ZOBA % LY IEHE, 37k &b LifBEOREN
B BWERET 5 nicit, S LIm R 2 BREERY AT, RKETHONEEL GhlbE 1.1
mOARBERL, HI3IROPFMAXERLTRDB),

2) C, D, E, F, G, B2 m ROBEHEECST 5 Huber X2 HART, ZABDRWERET
Ly, e Th FERSIOGHER, BrRWERYEL T, LiioT, St b A ¥ O @R FE
BRI, FELLWVIIGHEOHEAR, RVFELVWIDLEEXDRS,

3) AR LEBETH LN, FEHCBRAMESY 52, &5 TOEACHL I 2 HHELRVWLATY,
fo, BB ) KERBEEY S L, FAEOHEAIDLEVHFELL L\,

4) HESHEE 1. 1m OEREESELEL L\ ERANAEL LT, ARREBETS HkkExi (A
B)o AL, HEBNMOERBET, PRAXABEERYTTILLL5H, 240 HZE, FTFCELLW
FEEBEORENE LN, BfEEL LTl 3 SAERACHELS B D LELRS,

& U o <

EERMEC T 5B REOREHELERTICELD, TOREO—HRE LT, B#EY Tk
T, BE—RCfFichbh T 5 BB B ORBHELRE L, TO#E, Pk L lE%1.3m 233,
With 5D AF 2 m KBS LY, Smalian KARER (X2 LWEAREZEERT ) O#EA RIEFEL
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¢, Huber RARBRIT, i) BN cfir 52D Aot L LAERADARCE T, O Huber
RoRBERN, BEELLZLAVORTWAC L, BIOFOEES, FINRERRE S 5\ LFARAIER e & OR
EREBICANDLLHIE, Lo SAHAL 2BEOLDLELRLZZ b, AROREX—GOHLEL
T, EEMECRT REHEERE T L L LI

foks, BAMTEE LT, BE BROKXWESSBIX, FLLT4nHMBHH ShTw2X5Ths
2, ASENL, 2EBY—RIT 2 mPFOR B LEBEIoWT, REvEDLV, —fic, RARNELDE
v, REBEOETTS 2 113, BA0EETHY, B 2mEKo#B#EL, %25 0Xhll LORE
T B, XD 2mOEXE, DETHHS LELRIHbTHD, LidisT, RRTORMITE
i, EOERTOEBERM HE LTV LAeW2, BT 2 m RAOB®IARE L 0, REFARE SR L
3, MOFIFAEFELVDEELBIE 5. 4 mESEHECOVTUL, ROBARCKRF LALWEES,

®" #
el MMEALLORAVR, Thbb, BERFEFEHBERENKET «HEXE, A¥42EK Ql~

4554, D. B. H. 14~38cm) oo\ T, ARSI (Rt 206M8) O#MHREREL, chIbHHIhL
EE, BEMErACCEITEYRR -7, i, EEEMRFOMRERLO0.1m & L,

* ®|™ #H &

LB OMELFIAT BREFEL LT, KDL RAEEELTAL, ik, BEUTOAHETH
WA FEL ImOERIE, #I3WD TRE LHEEROEER, FIRXNEEALTRDDHZL LT,
A) £X#% 2 mX4 Smalian XTX¥ET %,
B) # % 1.1m O&RBBERYHEEL, 0.1~2.1m OXEiX 1 m K4 Smalian X T, 2.1m Bl kX 2m
X 4> Smalian X, TKRHET %,
C) #HEE1.1m OAMKERYHET L, 0.1~2.1m DX Riecke X T, 2.1m Ll kit 2 mX %> Smalian

RTRET %,
Table 1 Methods.
Height of cross section
0.0m O.Ilm 1.‘1m 2.1m
Part of | I
stem Lower stem Upper stem
Method [ |
A fsélrl:;}llﬁg s ‘ Smalian’s 2 meter sectiona;ll cubing formula
B Smalian’s f. Smalian’s 1 jmeter s. c. f. Smalian’s 2 meter s. c. f.
C Smalian’s f. Riecke’s f. Smalian’s 2 meter s. c. f.
D Smalian’s f. Smalian’s f. Huber’s 2 meter s. c. f.
T do .1 "r‘dl .1 2 )
E 1.1 X 1 <—__2 ) Huber’s 2 meter s. c. f.
F 1.1 X (—g°—'°f4—gz—’1—+g1.l) Migita’s 2 meter s. c. f.
G 1.1 X (—gL"—}gz" +g1.1) Smalian’s f. Smalian’s 2 meter s. c. f.
d : Diameter g : Cross sectional area
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D) HikE L lm O&MEERY HEEL, 0.1~1.1m QXL Smalian 3%C, 1.1m L_EiX 2m X5
"Huber KTk#¥ %, ' -

E) b 1.1m OXMBEEERLHEEL, 1.1m L TOREIZ0.1m & 1.1m OPHERYHRER (s
HB0.55m ILKIFAHERE) & LT Huber ¢, 1.1m L EOKEIL 2 mX4 Huber s8TKRHET 5,
F)ﬂL%Lhn@ﬁﬁ%E@%ﬁﬁL,LhnMT@*%%ﬁﬁ&gmm:EL%&i~+ngkLT

Huber 58T 1.1m D EORKEIL 2 mRKAAA TR TRET 2 (2 BEHD.
G)mL%IJmQ%%%E%%%ﬁb,1JmuT®¢%%Eﬁ%gm“=£uf&i+gbl&LT

Huber XC, 1.1~2.1m OKEIL Smalian 8¢, *7- 2.1m BLEiX 2 mX4> Smalian & CREF 5.
LD EE % LD TERRTIUE, Table 1 02 < Th 5,

R & U £ =2

HEREMEFOMHEEFIF LT, SMEOMEEYRD L5 L350 %, TTRMCEL DRLHER, KRR
% Smalian XKTREL LS LTHAETHS 5, 0K, BRLEFEHTHHH, FREILLHEIL
L1, BRELFLREVHERL VLS, WO L, WEFREA7: Smalian KRN, HEE
ROHREFZ TR L2 B2E, 71 01 FREFTLEDRSE1E, Tihbb 0.1~2.1m ORKHK,
Smalian OHRX/FREREZHEHT 2 L 2 A, HEORLHERNSH LD LEINL 5, Bickic, D.B.H.
5cm Ll EDIBHICOWT, BEEEE 2. 1m M ERS X0 2. 1m LR, FREROEBMTOWTARED
FERTVHHS L L ORERR (BHEESS), BHEQFANNERL Y 2B CAB L, KDL Thoto

i RE2. 1mBl - i EE2. 1mF

AR TIGE Pa 1.75+0.59 % 16.55+1.15 %

HER (ERHE) Pl Pa 1.80+0.59 % 16.55+1.15 %
F o # % 88 % . 100 %
BEOHBIERC B 2= 7 L 2 % 0%
A o #| = 10 % 0%

COXSK, MEF2.1m L EOMBMORBICD, RPERMLIEENDD LT 2, AEOEEDE D
TR, 30 2.1m LTFO THBMHMEOMECH D T2 X 5. SR, Fom P25 Lis %
BIRMIC VT, Z OBMREILORE WM ORI %, LB EORME Y ELT 1 X%
B52bDLEZLNRLS, 22T, ZOWHSE L THEBER A7 1 » 1 FREE

7} {go.1+ Vg 1g2.. (Wgo.1t Vgp. 1) t+gz2.1) %2
EHOTRELTARLLE LA, RO XS iR avE7 (D.B.H. 5cm OB 2WT),
Pa 13.934+1.04 %
Plal 13.98+1.02 %
IE o B = 9 %
BEOHBERC 3| % /v L %
A o #| % 1%

T7sbh, Smalian RTRBETD LD, LOBEENPES T biTvx, HERAEBELbY I, Fhig
CORELWIFEINT, IRELBRLMEYELD V2% (D.B.H. 5cm UTFO/NERTIE, %< B/l
T2 B)e ERPHEEREACORELTL, Mk Resi,

PDEDQXSE, 202.1m SUTOFMERE, BifiZcr 1 e g e LTk, BT 2 mEK o
Vifk &, %D 2 XU LOREE L ST 5 1diciy, L) WEMED T — 2 — &Mz 5254 H 5 k5
KBL %, £ZT, IR THRH LEWEEROHEER—FMRA—% %A LT, HEE1.1m 04K
MEEYHEEL, ZhEHWTRETAZLE L (B~GE), FhIhiRl-T, FIFE®ORSRICD,
Huber b 2 VI AEHLIROBEHEN, BHCI-Tr 2 b, W% D.B.H. 5cm L OBECoWT, &5
B O BB S X OIS B OB RTPIHER L O OEEER (BHE 95%) #1851, Table2
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Table 2 Mean of percentage of error* by upper and lower stem.

Part of stem Method P Plal
: [#)
S | over 2.1m A B C G 1.75 + 0.59 % 1.80 + 0.59 %
bl
g 7 1.1m D, E —0.52 + 0.18 0.74 = 0.16
g 7 1.1m F 0.17 + 0.16 0.55 + 0.14
under 2.1 m A 16.55 + 1.15 16.55 += 1.15
- # 2.1m B 5.92 + 0.47 5.94 + 0.47
% 7 21m C 2.29 + 0.25 2.36 =+ 0.23
5 7 21m G —0.69 + 0.14 0.94 + 0.12
§ 7 1.1m D 9.33 + 0.75 9.36 + 0.74
7 1.1m E 5.07 + 0.53 5.25 + 0.50
# 1.1m F —1.56 + 0.24 1.81 = 0.21

* Level of significance 5 %

DEEDThD, ik, KBTI, —ERBEFTEUNOEEDAAL BTS2 L2 L, b L.1m OFRIEE
®h, EBEHR I 0 EH LCEEE Ve, ChOBEROBER X EaAY, RETEOREIIEICOWT
3, SHBERSEY TR L TRV ERS,

I TR D L, AHIEARES L, 2T Huber &, Smalian KDIH& 7D, Smalian K%
Iote b BRI A B2 b W EEA 2 mEKBEBIRE (@B «kFs, chb3ROP aB: .
B.H. 5cmll kOO0,

Smalian = 0.84+0.24 %
Huber = —2.14+0.20 %
A HE I K —0.99+0.18 %

ThHMb, FHBECHRT 5 oD 3 ROMEE, BT RR LY, 1 ZRIECH X - fiicis
ST, Thebb, BED DM EE LB LT, Smalian X (o2 LI EPRE T %) 23K
LEWERRY L2 55, BED ocuitc, GETIROEANRGEFELVLEW) ZENRTEL S,
TR IO TIE, HREAOARE S 2.1m UTF, 1.1m UTFTLARESRRDLDT, LOFERLEH
T 5 2 LI TEWA, C,GlELBWIEE, FiERY, i) IWiERE W25, 7a2Th, kRl
mEFOWAY 1.1x (B0 B2t bg, ) ORBT B Fikl JOGHEE, & bICHIcRVRERRL, b

I DORBHERE L HRTh, ZABDRNEDTH -7,

RIC, #HFEOLBMCHT 2EERCOVT, HE LKA TWE L,

1) #HEXOMIRE

Fig.1 & D.B.H. 5cm Bl EORENCOWT, BERO HAIHBERY, 3RAFHETELLLLOT
5D, ZOMHBE Table3 W RHNS L5, A~EBRO#EEL, »ith EChlcXl - THIAL, <o
AL, BENAE L IeBIZEM s Td, ShuE, BT 2 mREABEHERC T2 Huber b %\ ik
EHTA (UTHI Huber &, FHAIRAE L) OERL, FokHThb, THEFLT, FERP
o, CHEEPSLECHUTHALTWSA, &— FIR0%MEichh, BT 2 mKHyBEEiE0mrT,
B LD L -7 Smalian K& WARThH, FARDRWFEREVWZ S, ¥/C, D, EECLTSH, ©XIE
CH LTV A 21k, CElx Huber &, D, ERFAHIRE, GERABREOLLDITHD, Lo
5 RAHKL BDEELBND, ZHICHLTAERS IO B, D.B.H. 5cm BTONERERE,
FDIREAERHAIEOEE S 2 TED, HEVIFELLHELIZIVLWLATL,
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w30 Method A
&
e 25 Method B
& Method C
£ 20 Method D
% - Method E
g Method F
@ 15 3
S Method G
g
& 10

.

0 S

25(%)

Percentage of error

Fig. 1 Frequency distribution of percentage of error.

2) BEEROKRAM

smoeRDEAET, &HEE D MEFIZEAEZL, D.B.H. 5cm KT, WFhd 100% 2\ 5 KX
TR R LTS, 2OZ kX, BT 2 mROE@BIEEOSEE L E-AUTH, ERWUEEFTOD I
L, MBEFOLODNIVZER, FBELTUBELDEELDNS, KT, ERNAEL BT LENST,
BRI T BB AR DN AED, BEAHIREICET DL, ThHUELD VBT, BiE—EDHEE
Y5 Thb, COBEERFAMEN —TLLHEMRT, HERECI-THERSN, i D.B.H. 10~15
em blehiedhs L icBbis, g D.B.H. 10cm L EORBIZOWT, £HED RAMEERLHMIT
L, RDXH5Th%b,

EEDRKBER A DRKAER
A ¥ 13.1 (1.4)*
B &% 5.2 0.3)*
C &% 3.0 -0.5
D ¥ 4.4 -0.2
E & 2.7 —-1.1
F & 1.1 —2.5
G ¥ 2.1 —1.4
Huber = 2.7 —5.0

* () PIRIEOR/N#EER
CHBHOEE, AEEHRE, B2 mEOBSIEOER L NTL EA®BKRL, It LAC, E, F, G
s &1, Smalian X (4.0%), AHIX (—3.5%) kb b, SLCFHEEELRELTCVS 2\ 2 %,
3) BEROFHEE (Pa)
Pa i3, BUAT2 mEHSBE@IEC ST 28R L FEIC, £ LM TIENL D KE VS, Efrk
EL B LI TMEL 7Y, D.B.H. 10cm L EORRBETIX, BIE—EDMHE L7c-Tw5 (Fig.2),

% D.B.H. 10cm KiEO#H L, 10cm L EDKBHICOWT, 47550 Pa & FOEEBR (ESHEE 95%) %k
WDCHADE, RDLS5Tho-7o

10cm 7 i 10cm Bl E
NS 4.08+4.41 % 6.13+0.38 %
B ¥ 3.84+4.02 2.42+0.16
C ¥ —2.34+3.75 1.17+0.10
D ¥ - 1.91+4.04 1.75+0.15



TEXTERD,
ho, chuifiiicis e, D.B.H.

E & —5.40+3.97
F & —2.52%3.30
G B —1.47%+3.33
Huber X —2.92+2.69

0.89+0.12
~0.2740.07
0.14%0.07
—1.81%+0.12

D.B.H. 10cm KD b DIc2oTix, BEIELL, ¥FE5LRLL5DT, FHEOES Y —HC 3

(%)
h
I
n
15F \
[
I\
[
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[
o
[N
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I \ -~
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| \ g
| \ g
, \\ ’//

"op | \ /

= | TN o~ /

-8 1A N ~./

5 5F 1/ \_,/\\ v
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————— Method A
—-—-—Method B
Method C
""""""" Method D
—-—=—Method E
Method F
""""""""" Method G

—10} |

5 10 15 20 25 3I0
Diameter (b.h.) (em)

Fig. 2 Mean of percentage of error

by diameter grades

10cm A i
A B 15.85+3.30 %
B &% 11.78+3.41
C & 9.57+3.31
D &% 10.96+-3.48
E & 11.00+3.53
F ¥ 8.39+2.93
G 8.53+2.92
Hubers; 8.13+2.26

BUT 2 mE BT RE O AR L IEART, FEERD, RPKREL LT HOMNERE
2cm LA EOWBETX, A, BExKE, T2 mEoB@IREOEAR

L, TMABRLLLWA, 2cem KO K
WC, EHCREREEZRL T2 D bR
b, WETHE, FEEMFOLTBR, D.B.
H. 2em K&\ 5 /PMERT BT, BT 2m
RAOBEEEDORER L D SRS nBERY AT
BIRED, 2RLEVS ZENTED, ThET
LT, D.B.H. 10cm LA DM T, BT 2
mX 5B HEO&ER L HERTEH, GEIRD
FIRTWBE VWL £5ThDH, RWT, FEE
(= Smalian &), E#, Ci&k (=HHIRX),
D¥: (= Huber X)), B, AEODIE:DH,
T BATEOMIIE, WTFhbERE1 % T,
FROENAD NI,

KiC, HHETRE UCERIMEAHO,
HEMR AR T 2 EAERERD THD L, PME
MR NT, HERCPELDSDEHHN, 1T
12 P L AREOMEA LT LT\ (Table 4), ¥
bbb, FEEHNO, oFEI-Fhb@Ek
nkEREEz, A, BEXRME, BT 2m Ko
BEMEOAR L HRTH, TABOKRVEE
Th -7

4) BER (HRHE) OFfE (Pl

Piid Pl s BRI, MEETEDIRDAE
WS, BRIENAE L B LIEN T, IHKED
L, D.B.H. 10cm P ETiX, 2E—EDEL L
5T w5 (Fig.3)o 'D.B.H. 10cm KiOH
L, 10cm LA EDOBHICDOWT, AHED Pl &
FOEERR (SHEE 95%) e, ROLE
DThb,

10cm Ak
6.13-0.38 %
2.42+0.16
1.18+0.09
1.76+0.15
1.00+0.10
0.4320.06
0.3940.05
1.842+0.12

D.B.H. 10cm KD b DT\ Tk, BB L, AERRE, £HEM, H5 V% BfT 2 m X7
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Fig. 3 Mean of percentage of error (absolute

value) by diameter grades.
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