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TLIZEEED, S5em TEIZKOERD AU LBRERAN S, Wi H2, EYohiADTRIZE-T,
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ZNREIBEKY, X5 DTORD &K S LN L THMAIZ ha B DRI RELTH S

Ewi—Y v e@l@FikZ LBO KT, WIBESEANIIUET - TO S Z LZEO 180,
T ORI S TFICEE LORRIZ OV TRIPILHHEEFTATV S LinL, TORIAROMEFRIC
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hENTHBHEEPNEIRE L9, .
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Tablel. ¥y #—1 v elzk? Winkelzihl OFED T LD H
“Winkelz#hl Verfahren von BirterLicu”
Winkelzaht | orund- Fangmessungen
messungen Fi (For) Ta (£ 3) ' Li(h#s=v)| Bu (7 +)
1 1 6 2 8
2 2 14 5 6 9
3 7 26 | 3 18 5
4 1 21! 2 9 £
5 _ 9 13 T — 6 | 1
6 T 7 8 1 o R 3 T 2
7 22 4 - € T 1 2
8 3 T 3 4 |
g 2 9 1 1
10 1 1 —
1 2 2 —
12 1 — !
13 1 1
14 — —
15 1 1 _ . .
16 52 103 i 13 T 45 29
17 26 (50%) | 10.3 (10%) 1.3 (10%) | 4.6 0% | 2.9 (10%)
18 —22 5.5 | —9.0 7.5 |—1.0 4.50 40  6.50 | —2.0  5.50
19 4/9  0.44 | 1.3/6 = 0.21 |0.3]2 = 0.15 |0.6/3 = 0.20 | 0.9/1 = 0.90
20 5.06 7.29 i 1.35 6.30 4.60
5.062=25. 60 ’
' 25.60%0.9=23.04m2/ha
BHEiSN 4 HRiE% Basal area per ha by tree species
n dla (d!/a)? [ ne(d/a)? l 1 8159 m?/ha
Fi 103 729 | 53,14 573 0. 671 15. 46
Ta 13 4.35 18.92 246 0.030 0.69
Li 46 . 6.30 39.69 1826 0.224 5.16
Bu 29 4,60 21.16 614 0.075 | 1.73
| 8159 1.000 23,04
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A ST B3, £CT 141 135S kW ps, Grenzwinkelzahl & LT24 &3 LA B HAREZDS
Db ha B HIFERE L 5D SWNHEOKR P, KEOEHOKRTHEDE LIEETESHEE2
HRTHELTN S ZOARBITSIEPNDOTERRRDLEELHTH S0

a, d RO ELHT, KOHZESELTHOREDEHELL,

winkelzahl W 12,

E=AREEETSE,

Grund-
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EURE, MouleHlEFo b &4,
d 4
Wy= _)»tr—_-lvl ......................... D (1 4)
13, Wy IMTHISNS Winkelzahl OfNMEZEHT, (1. H 5o ZHIL, (1.3) IKRATS

Z=3. 5(1‘:’,)

D, 010 (L) Z&H

G 4G

LD, WAM=1CT B, Wo=2 BN SE ((W/2)? £ 41U Zahlfaktor & XA
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NHZOEF ha B OWHEHELS, Lirl, €9 8—Y o REDHHD Wo=v2 =1.414 £
VBEEVERRTVOS, COEMIZ D Grenzkreis N TE= A AN T bR T2 2 L1257

EZ 51, LAbMAONIAMLCOMNTREDSM. 12720, COXIURBALRBEDO KT
3 ABEESNRRIZO SR C—RTHE T L, DU EHREAOTH Y TEIRFOL S IRELEE

BOZEBABETH S Wk, HHNRIL BT 20 TRIKO L HICHIUIBNILTHS
VA e OILZEfIEE PO M THR d DAL FMTEE 2d DR ED—RIZRZE LTV B E L LS,
c kD ha 7 DR, '

G=§[( Ho.04 () 0.9]‘=d2;fa‘§d“ 0.9

L1454 . Winkelzihlung T2k 2 d ® Grenzkreis !2 d @ Grenzkreis @ 4 {50 EE 2,5, &
ORALAMLND, COTENS, RUHMROE/IZS COFENRGE NI LoHBEL
EH, HNIZ I SITEMANKAKT \TI Grenzkreis 2SS E LT OT, ABOHEIBPIZED, ha
HROBHEBZNE > L EREET B CLEZHHT D 55 Wy 2RK&<T5E, BETtoRBIEIA
ST AMHIE T AMEEARMA/NS {735, WABFREMEBAETE LT REUGERE L B~
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THbo FERICABIKSTO.5ha DFEARMAZERICE D, We OREETDVATEARBELFL Wy
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BEETTHICEL, ERZHUASRICEIETE, D Pressler OHE, BREPHEMERV T
EDTEBVIFIRI—TEZRRE LTS, ZRIBREUEEZFIALASDTH -7, DOTINAE,
AE—F - T AT - RREKEN, 19556, 1958E L5 2HE ZOBERMFERIN, 19628 ICEE
D74 FEBRDOV I A3 ~7RRERL TR0, WIZP 2ET4 3.0 DBRIHLELLO»S
TV XLEFATAENBERIEL LT, FETEEOBEMERINLY, ZhAokDVTRZIO
RAXDESEBNLOTHRMRYT 52 L EHKS BU0,

1.2 Ew 2=y DO hOEA

By f—Y v EIROEWICOVTE, WEETEZOEEDRELEL VS Z L2 EAEROTWSS
ZonTal, ZOTREMNTEDOEETRY BTRNT 5.

19528, oV F—DRELILE Yy F— ) » b EOTROBER, BROLIEHOZHIIOLE
HNEHDTH D,

EHHDORKROMBMIEE 7' 5 7 LicBorc b L, ZhCEABRTFHEESTT, KOWEAKIZVSE
HOEHEMASLBICE B BAHTDH D, 10,000854 5 & ha B HIFERMS M2 HETESNS C & b8
DB VW, KROERED 100 EOEZEESSHERE, COMARIZEVEAR (BEHLL D20
EBA D) DERFAERMAED S TDY, 10,0006 L, SSICKDEMEA 10045 L > T BEDT,
10,000THh 5 &, ZODORKEIL ha H- D OWEE (m2BAr) 1245,

THICHL, 1953 IR, HMRKINAKTRIKHBEELS DS I 05, Z0ENHOFEREER
WEBOMBE Y 2 —) vy eEETHBE L. TALLMES crediting laps 0388, Z OASEHKIZ
GEREPX (MBHEEAH) KELL, 2 (REEE) X (EEr v ¥ PAR=EZ ) OTHRE)
BELL. LT,

WS TR AR = €25 XK =) >é g;ﬁ: 7)3;7 v FAR¥)

T, EXTHAEE 1ha=10,000m? & U & %D Mt/ (hA®E)? HmBEy & 2255,
fDFE & L TI319524ED Spure, 19574F0 M. Aranasiev?, H. D. S. Fincu®51, 19594F0 Kenpar, R.
H. and Savn-Witteenstend® I EMHIT 6154, WTFhbARR/NETH 555, Finen OFEL R
L&,

V¥, lha B7OERE rim OKOAKS i ACHEMMN2BSHELF 5L, KRS ha B HIE
#i3,

G=}§:fmr¢”
&%%, Fig.1TO5%7 ‘/ﬂ'A!Ci%/uf:'ﬁH&Lé@—Olc%Ei%ﬁﬂiﬁ®ﬁi§&155
2a ZB/WORY » MELL, 0 2BORELL, DFNIMBCEAOINTOZbDETE, L
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DIER LTI,

. re
Sin¢= ’R“

ME e DRD Zi Kb, —DOMILATHZ 5115 ¢
T5&, ZONEDOAKD 1 ha B AEERBZ,

= Z . ;
fi= g x (1003 Fig.1 &y 40— o £ EOBERIE
3 General concept of BirTerricu’s
Z ONED KD EWTRT (L,

method.

ﬁmﬂ=1o.oocr— =10, 000 Z; sin? e

TEDHSNTOE M S, 10,000sinta=k LB, G= Efrrn'*' THiholATHEENS hadk
7 DEHER AL, G=X firiri®=10,000sin% Y] Zi— Qﬁ}kthZ(&<1ﬁT®ﬂv/r$ﬁ
DEHTH 5, :
1960, AL AKKITKDMEHERKZLA?, FHABRELEZT, 2O LICKkMHBEL, HEHN
ATOD WIP 2k a5taD¥E Z Lvhid,
{axay '{wmxdy = |eedrdy

B2)= :[dxdy {axay N jdxdy
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Hirata-Essep method in a slope. Conometer by Hirata
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— 44 — HREREIGERSE 215

®2E JOy bLAY VTV TO—KFIE

2.1 7By bLRYVFTIVFEOVTOERS

UERD ey 2 — 1 o e, FEMH-Essep Dk, Strano OFikid, ThEFhREZ LS ICEDNED,
WERBEREFIAIL, AEATHMA, &5 OREEFCHNTIATRIGEL, —FrAEhLLL
THETECE, —HI—EEOHAON N (AT OADAAEDMREEZL B LIZECTR
), TOTANEIBFEAGRIIRLTO S, DINLA—MA»SEM I NS 2B~ EI.

Y, by s—) o LEREITRII.

LORETIE, 2¢ EVIAT, ZAROWEHRER, 2V v 1D oRINETRERIBDITHS )
5, KO¥XRE 42 (KOWEHEEMNEAET), REBUAOHERAER &FHE, WEEAEKRE DD
Fig.6 7 5, R=(d/2)coseca DE# ¥ /2i3Fig. 15 5R=d/2v/1+ (% a®) L DEVHARTRTIOK
AWR oNB LN Z.THbE, KHTHEE A L L, ROXFEEET M DOHbe=rR*=(zdcosec?
a)l4 TN, «NNOEDEMSTHENEINEIC LITE, Lich->T, TOHRMICHBIZEEX
ELTHIEILAEA, CoOROMNHA SN SRR

a  wdicosecle & Y

L85, 72120, & BNTEAEET 5.

W, WA OKHICI I L ROAD S - B BA 1M, 2ROANS &L, 1HFADOK, 2
FEHOKDERMDMEZ, a1.aa THY, 2 H@%#)oftl\émﬁ@ﬁﬁli ap & L&H. Zoitiz
m&ﬁﬁ,ﬁ§®ﬁ&ﬁébf,%cfmwﬁémed,1$E®K,Z§E®*®%m%§éuém$
d, ENENGIA, alA EEATENDS. 1 EAOKE 2 FEOAMSRCHNIES N 3HES,
WHORH D DHFL a1z 1205 an/A THEZ Lbbhd., Lh-T, ZOFHER, /A LVIH
BOCHLA LRI HIIMEETH 5 LBBMT 2 X508, RN ZHHRIESET T TR Z E b
%,

I/ d
4
\ ' I
\ \
\, //
\\\\\\_J///// Fig.7 €v2—9 vy eikDELH €02

Overlap of enlarged circles in
Fig.6 Ew4—0)weBO&EL)YN £D1 Bitrerricw’s method.
Enlarged circle in Brrreruicu’s
method.




BRMEC S TE 7oy FLRS VYT Y VY SORBRIVEE (KK — 45 —

BBy £—1 v L EOHAE, MNHESREIMEEICHAT 2 C & 3IKPIABITIR O —E#¥% cosec?
e lZHNHTEPOHRECAMONLS (e LARRLEMT (n?) TRINEN D),

FM-Essep i3 g 2 —EIZL TV A DS, By 2= » e EEOILAPZHY S 1R @ 13 a= 7 (heotp)?
ERB. LIihoT, ZOBAREKDL (mhtcot? 8)/ A DREF TN SN B M LAITIEE S 508, ©
v g — Y v O L, R EOSRITHIN I ISR S N2 b T, 1HFBEOK
L2BHOKDIEKINDORH D OFIHIM ez 126, ZOHEEMMBEHIHLTIRINDMERZ a1/ A L1825,

Stranp JHCONT [FENIIABEERICLAEZ R LD, 2T, —FE ! OBRBPERAIC—EFR
MCREL, ZORMOHDORDE LOBIGIERO S o RBEH N s OMETZORERAL, HEH
ZOMEERAIETHAEELL S, #2121, @O2RETHLEVWAVALOHEMNEZ ONE D, b
CETHAIRAZMINL, c0AZhOLE L, FHIZT VA LIHNEEY, ZOFMzZliick
12 OBHEBEUVIBEEEZLL. ZORY ETAIEL oNBDIL, KIDEHMNTHL > TEITL
ERE hcot DML, | DRDIHEHIHATH 05, HMFig. 80X DT, COEBOWM:Z [/2 D
BEZXD2RAEDPICHE B L 2D BB A 0B, LEH-T, ZORDMNENIHRT /A=
(FheotB)[A TH Do MM 2 KL ELDANB D, ThomEMICHlENAENOMEL, 20KbY
DEHEEATD-12bD LS,

WEDOHERAEPLELT, LTOWMIC /2 0REOBMEZ T 1ot — Oz, ki dEA
SO BRI AT, WiRL LT, MRIEODSHY, BAShEADMEREDL-TL 3.,
Fig. 9 p bbb I, TOTMOTHIZ—L ! OBEE L, heot s DUEE(TT b EHTICEBB B
BAICFig. 9 ORBBRON D, D IMDODADIHHNC LD, BFEOMEBAD &, FF
L&D T B, DTHILA, COZLIPEICIREL TES NS LT, W MNIEREZELTEY
TV —HTE, KOUADHR, HENIRBT I IS KHEAIMNEN RO hITH B LT LIz FB,
EHROPSOHRI L EERET 254, KBHAROBEEZOMIC>T I Mk,

Strano HETU I RI—TEMOBEAE, Kb oMHITLAERDRE & R=(d/2)coseca &75 5
A ELZ T I LichoT, TOKOMIETERIZ, a/A=(dcoseca)|2-A L7535, KAIZKRHI2
ALLESD - 7 HAEOEMELIERIC OV TS, FiRRZORLYOEREEINE I,

AN
Y/

7477

g\\ AN SR
>
>

l
2 Eh hactp
" 7

,/’
S/

| )

7 e !

Fig. 8 Srtraxp {EDEZEA N <D1 Fig. 9 Strasp (FDEZH %202

Rectangle in Strano’s method 1. Rectangle in Straxp’s method 2.
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) ¥ IERFTIE > THMWEAT oo, Froooee xk,(k=1, 2. -neee ) DT —2EF{I LTS
M Tk i o K
y"—ﬂk1+ak2+ +a7¢j' y k=1
L¥aL,
N
12 B i
E(}‘-)=7 EE(yk)= g R R U (2.13)
PR rY s (2.4) DIERAb DM B,
SHRDHEET s {
2 (k=32
B e (2.16)
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i DRES ERHID,

(= DEE)=E 3 (e=91=E{ £ 52— n()3)
k=1 k=1

- kiq Epd—nE()?  (Epd=var(n) +(E 33 5 5)

=nvar (y) +n(E yr)*—n E(3)?

=nvar(yx) —n{E(7)2— (E y)3} +roeeeerriininnnnnn, (2.17)
(2.14) »o

var(3)=E(y)*— (—Eﬁ)ﬁ;i var(y)

H

E1BDT,

¥ \? ;
@11 =n var(yk)—n[—,l,— var(yzc)+(—§£) —(£ .Vk)z} , E(yt)=%
o (2.17) 3
(n—Dvar(ye)
HLLRB. LIed-T, sty OBROREHET THHC Edbh b MRFERIC ST 21
HDH OHESER
2 e
n(n—1)
cRBTCRANT2ETHEL, (2.16) BAHOENTHHY, D mean square error ThH b
TEMELICHTILELS,
BAEORSDF 2 J. Corvries OIEMOFiEAEFIRTAUL, FhDTI Ly Y MITEPTEZ, 1 E,
AR TBEAORDIIRIC N BB LE, 124D, £3THVEEROEZEBLDETE. 59T 5
&, RBRTO w12

sty=

=T M s .
i P2 hry 2.18)
L1735,
COMFEE LB C, Ay DEDREREREHEZTLL,
E(A;)=aj/A

5

€

A

E I OROBABGOTHE @) m OKOEZNE @, Kb OEHE am &9 5.
Fig. 12 7o P24 V7Y v 7B T BIEAMAOELD FOH
Examples of overlapping of enlarged circles in

plotless sampling.
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c18B»0,
= XL @B e,
E()’k)’— —E(A) jZl a; X==%3 2.19)

Li20, E(y) & (2.5) RIZFLL, BANiEHLD D x 0RO HHERESZ 5.
Y DA,

Var(yk) =E(yk2) —_ (E (yk))ﬁ ................................................... (2. 20)
i, E(n® ZHFET 5L,
E(yd)= )ﬁ( ) E( 9 +2 ﬁ (z_i) (%)E(Al)\m) ..................... (2.21)

EQ)=EG) =L, Enn) ="
Lizaho, .21 &

yx i XXm G
D
jzla] m Aldm

_1—{ Noxa N QmXiXm } ................................................ 5 99
A fz-lﬂ_f +2l§n @dn (2.22)

, e (2.21) % (2.20) IZiRAT B &,

\yw

£
EG* i \E] #2n

2
N
e85y pammne ()Y
‘ar(y")—A{F:'l'Z;_+zla_—éZz_z;—_ A } ................ (2.23)

&1h, ORI, #iO (2.13) RE&—HT o Lbhs,

NEOHREBL UL EDOFY 3, OARICOOTH, TTITBA LS ICHRFEROBALELT
Lo, var(pfn E5,

(2.13) $72(3 (2.23) DEAFROARD S, AT, HHER A, HAUROE o5, Z0OHLE
DEDY, am BEIZHRT LT LD S,

Ciolx, HHIZE AU AREDORMER, - IZREINTV 4d, BIUEE, HXEEOD
N AORE, HINIMNDRKEINLCI-TEN-TLS

Y, LOEESEL S THAEN A BAECEENRREMUTNENRD, FETNT (2.13)

THT AT LIRGER I —RICATH S5 (2.13) (3 A ML TRMMNEPERTHEEHOTH
% (HEENT #af) -

HME R A 2—ESEHAE, THOKSIEEAIRINET S a) XD am (HEET L, TTO
a; BEDLHTREL, Ldd am HTRTO LGN, HREB/NELEH, 2OXIRT LR, KK
FATETH S FLADFENXDOTHELLT, a>an O &, a DT an BERKEGEINLHYE
HIZR, am=an &5, (2.13) RO 2 FO R am/(@an)=1/a; 13D, ZO: EHIIRAENS
5. am<an DL EE, amf{(@an)=0/a) (anla)<lla L7539, WEEODHO#E L 5 TH 5
2. OWFNIZLTH, BLEER, A—K&SOKK F—0XBOHKT b LARMESEFLESRIS
N BHRZIE L) LTRYARBARMMAL B C LNk 5. SolcibEd <% »; oM
ADRESHRE-LEE, LEATRRERO L) LIEAR, Sk, hoREBSBLTH, JHAS

>
L&
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{83z (2.13) Xofillsfngd.

RIEAER I —EHELRTREL LLBARES BB ALV DL, cARTmBIAEC LB RE, B—
R, BA—HSRE oSN 5, L, BERDIEKIIET ERENSL0T, HACkI@Y
HERTMEE T %0 L EAE, AMNEDBARLIATIOARUEAY Y 152 L12ETEED
HTIRYETH S L, MINNE TS EZ20ME LORESICT 32 LSRR TH 5. L LOFMEZO0
TRMVMEUDTHILIBHTIC LTS,

2.2.2 PALLEY & HORWITZ OOF3H& ORAE

By 2=y EEICDITIE, M.N. Pawtey & L.G. Horwitz H319614E, Wi, MEQOHEETFE%
DORFBISE L OO THRWEEREZR LT 50T, BHOWIELOBEM, #X HOHERLIZO0NT
BB,

PRSI, BBAE e CEHEDEAIT 2¢) L L coseca/2=K &L, OEEHNAE L (Bt m? 34
R LU, LIK? ZEKRERL LT 5. WEEES (BAF) 3iB% sin?e/2X10, 000 (m? Bif),
sin?@/2X 43,560 (ft? Hiff) T L, eldHAOoNTHIOTERLL S,

PRODEARR LIK? % BAF cifixTHaM, 2OZ& LIK2 B2 CTREZoRTNEELT
WBEDT, ERELEEH,0, BARAMNGIHEINTIMSERELILVDT, L/IK? % BAF 13 2L iThhb
DS, BIZERE LTHRFAOAG LB L LS, MBER LEOEFEDO S &I

N
g=f~f,i—nj>_ij Dy O35 KTHY Y FERIUE 1, R THN LS 0 £E8)
=.}%><quzngy PAREL v (2.24)

(7220, g BHROBMEHOHET, nidEREE0
EVINHBEEZ, T g BARTHH EXTE L.
HHEOXTHE, 1ha H DD x DFHDHEERID

dkjxj
a;

1nN
aE R

Ko, ZORIZ x;=g; aj=gjcoseca/2=Kg; /AT B &,

-_l7'~|ajgj__1_" N .
= A K%y nk® k;l jz-:15k"
KOEKILTHEH D,
n N
Ly=5x% EJ_L_, zxﬂif‘ﬂﬁvyrmﬁk
EUHDEL—KTS
FHEH DB HORIT OV TIE Paey 513
2L 3 % On;
L s IR ™ e =
Kn G(l— L G)+ Kin 2.25)

(Fe#2L, G= ilgf, Ons 12 i KE h KDEHY OFH, Lichi>THREORD am
p2
KR LbHD)
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ZHZ . (2.25) REHT DL,

L(G 2 E 2 Ohi G?
—IT{F-*- a.}(&‘ ___r_} ................................................ (2‘ 25)

25, FEONZ, nAFMHILLES

N
1 {'V Xjﬂ AmXtlm (jzl‘.xj)z}
A 355 oy no_\j=1
nA jg aj +2“i‘<§ Qam A

’ N
5zohadho, A=L, x;=g; aj=gjcosec’a/2=g;K% aim=0im, 213Xj=G LEE, SollHKD
L

B L #2h0 L2 ahig b,
N 2
Z:gf)
L [ & Oim&ign (j__l_}
nL El giK? +2};€§ Kigigm L
_Lw9+2%§om_éi
T n|K K2 L
1Y, TNHb—HKT 3,
Parcey SO HDHEERE LT
L n XN M' ;1 PPN roN
v S (9 B =IARE)

L, TORETHET LEREN LT ZH, ChFBmAOMENIZ L % ’3 b‘ i;GJ "l=l—-L35
LI &M,

n N Bk s% Lo XN SpgVy L & XN
Ly=LX-- l=— = 5
r= nES A aj "Iczﬂjgl K”gj nK? )cz=:1 jEﬂqj ki

IZEORBICHT 5.
EHMttosie LT,

L2 (K2 & Kt & 3 9 ,
K4,,{ L igfhzbi-'z‘:f(%i flzbz) +ILX tInquhi} ----------- 2.2

(bj i3 ; KDY ¥
EVWSRERLTO G0, FHDO—URUT L3 AhiFd L (2720, aj=bjcoseckaf2)= bjli“’ E5<)

,ﬁ 2
v
L2 {Z'V: v +9L201m010m (J’l j)]
nL ,.1b,lx2 T<m K106, L -

I/]b] q; ’LLLv LK, T B L

12 (K2 XN &
nK*{ L 2 qj bj + Z Z‘Iﬂmolm L" (2 (ljbj) }

L7y, ZORS (2.27) E—FHL, IoXHBLTEAREOHEFEIZONTS, KHEK, MEEbIC
ECAKTHD. 0L, PNODOENE, BEOHLEOKTINHETH 5o, AHMLMEILS

VAs, Ty ELT LIK 2Rk U, AW Loicx L, $HE 1K 2083, Eﬂgiéb
Rfods, ABIOA—EE%ELEA LD TH T, CORBEKMDKIRT, £HOFEHICOVOTOR
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TOWERRICEM LAcWAATS 5.
TRbS, F#ER, TMREERLSOAOMBEER, ToAEIVThY

)’k=:16k7":j-

EVHEELBHDEL, ye DFLWHIREEZ, Z@ probability measure & LT, w./4 %252

oo ZLT, yx OWIFHED ha 32D x DAHORFEHEEE L2 2 LATEY L, ToRsHOLR%E

K. COBE, 2ICHREDTT, KOORERERT (LEX12, BEE BE, MK EER H

AR, A% SoHFTOIVOTE S, Bk, EADHML LT, J. Cornriero DFik bR LI,
Zhiz® U, Parey & Horwitz (3, B@IHG, HOBRETRL BHEL

n X

g= K“n 2 E(IU’

L »n N
l’=7{f,7]2_1 i;[‘]iyij
LVIHERL, INBENENREMLETH 5 C EEIWIL, SSITENTHA LIRS B O X %2 H
&, SSICHBDEEHF ROV THERDO L S ICERBER»SOSDHB LN IEZFTROODT,
ENTNOHEREZRL, TOEHNEHI A TS 85 Parey 5ORE, Blitey 22— v e KOl
EH, HREICREE S 320G -0, HHOHRIEDOHT—RNLLD, v 22— v eEOMD
WARBER FOMDHEE OB78 69, FHl-Esseo 3, Strano (2 b @A TE, L1E, L2HOERD
HBYPRICLEHD OBEOMBAER €MUK EMATE, Pausy SOREZTO HRLBHELLT
Bl LD, EHEORRBINOOFEIEM L THEELTEECATH B,
2.2.3 BUERHIOVAROBRETFBL TN

2.2.1 7T, ha H D OH G x DHTIE S TIABRIT VTR, ZOE2IC 1 2RAT RITA
BOHEMsTE B EhR~t,

L#->T, £RFLIEHNT

N 5“
W E ey

23R, BETRITRHSOETHIUT ha B D KROHEEMASRE L. $5bb,

—Ewd _F 1 E ) N

E(yk)-Ejol—a;*—jZ:_l E(®ip) = ;T— A (2.28)

Bz, (2.13) Rk T, x=1 &LT,
N 2

var(_yk) i-{z;—— L}_;‘:l—:lla—’"m_%-} ................................. (2.29)
HEOHER,

Lo =SB shbs, 6RERSICEY B o ORKOTE

n—1 7 ELTV3)

TV, FEEOMIEBREBERLZL OO 1/n ZAVIEETNB XN EIEURTH S 15,
AEMEEICBELTE, TTD a; DY @ [0, kla (b 3H v v D) 2RV TROLGEN, @
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Bhid, —f Q/NTUXISON/TXTHH0T, WIMEEEL LD TH L, 12770, COBA
XBEET S, chida—v A OTRERL oMMPIGEWTE 5,
a—Y 4 ORERNIZLD,
X o\ N XN
(Eaibi) <Ylal2¥ibt  (trivial WHIAERL)
i-1 i=1 i=1

MED D, 0F al=Xy, bE=1/X; LB &,

'\/2<2Xi2-"
ZNhS
1EL N
Nio X %Xi
in

TRHE, EOMTIHERONIL, FIHHEOBMLDKEE S,

ABOHMER LROLSICLUTHEIDT, 1a; @ a; MEAEES-TLE B, a; LR, H30MEE
DIF, WBBEO—EETHIC L, Bk, HEOTEHNMLLIIORTII—RIC 2cm, Im THET LN
LizxH, ERER a; BRET S0,

el A ey 2=V » eI TI], &E0 Z(10,000/ay) &Ky, T P45 L ha B HREOH
SEMMRFE DD, TOHFB, ay=w(cosecard;[2)?2 T 10,000/a; = (40, 000-sin%e)/(1d®) LI585 M,
(40,000 sin%a) {7 MEHT d; OAHPHBHIIH S, dj DIFFIDIDDMAEMITN-TL B, Lind, »
MEDKERICE T, 2em {FHEOWEHS, 15.1cm D& D% ldem &+ 2498 Tik, 15.1cm (3
16cm E§APUMTAED 2 FEMREHEIN TS INoDEBADRMIEEERICERKLES . 2cmD
L BEOBOKH TR, — O ERE LTI LEDLDNLDT, dAIFH LS LOTIREET S L,

MBAEADEA,

1 (do*1 1 4
25%‘1 z . P € S (2.30)
PO B4,
l do “ 1 = 4 ...............................................
7‘ PR ACS 230
1

ZLIT, dolZemBbrEd3E, (2.30) 43 (2.31) Dfti%10, 0004 L THIEMERE»INE, &
IREROAMARE 2, Table 3T 1) BUNETIE, 2) FPHATALTIHR LYy 2~ v kD
AEHHEETH S, LOREFRATHBIZHPTZZ L3, HREO/NSLLZ A TRARDE DI LB
fodh, 2em FERICXAAEIMBEEALS, DI LD, M 20cm LITOARTIE lem #FH#HERI L1,

By d—0yeld lom EHOBE, BUC /g DR LIARECCHnBIER 4 2 TREL T,
5008, Zn& FO2HEROEMEAMBELTHE S, Table 4 H5aThhAsLsh, MEHAKD
HETRLAEBORFICEy 24— ) » e kD RNZ0AL, 48ecm LLERZEAEEDSEL, Linl, Y
TG, PREDPNSVEZFICORT., DT LTHOARIEEET, a0 BBV anE, Vgt
BWETEN LAV E 23, BERIMBAALEZMG, »220cm UTFTTR IcmiEWTHETRETHA 3,

FH-Essep tETHHLTHLIICEN Y V P AOMEERITREAE, AROMEENTE 20T, [
oS HERIC LD, Table 5 2{fo7cc 7270, RERPLT X H10,00005 LTHO 1,
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Table 3. Ey 2 —1 v LHCHT HABHER (% 2cm B8, HEETREPTEZL)

Calculation table of tree numbers

BT Rding |
d | Rounding "| go0nCnE d 1) (2 d (1) @
downwards and upwards
4cm 30,52 848.83 ’ 30cm 13. 263 14.163 56cm| 3.920 4,061
[4) 265.25 363.78 | 32 11.703 12. 446 58 3.659 3.786
8 159,15 202.10 | 34 10. 402 11.024 | 60 3.423 3.538
10 106. 10 128.61 | 36 9. 507 9.832 || 62 3.209 3.313
12 75.788 89.038 | 38 8.377 8.824 || 64 3.014 3. 109
14 56. 841 65.294 | 40 7,579 7.963 | 66 2.837 2,924
16 42,210 49,931 42 6.890 7.222 | €8 2.675 2.754
18 35. 368 39.419 | 44 6.291 6.580 | 70 2.526 2,599
20 28.937 31,911 | 46 5.767 6.020 | 72 2.390 2,457
22 24,114 26. 361 48 5. 305 ‘ 5.529 74 2.264 2.326
24 30, 404 22.143 | 50 | 2,897 5.095 | 76 2.148 2,205
26 17.490 18.863 || 52 4.538 4.711| 78 2.040 2,093
28 ' 15158 16,261 | 54 4210 4.368 | 80 1941 1,990

Table 4. vy 2—1 v e DAL TEIBEARO L

Comparison of tree numbers between the author’s and Birteruicu’s calculation

l I {u: Ay,
) i g
d ) B &) @ Remark
3174.60 2122.08 } 3395.32 | =y #—1Y » e)Z12cmM 595¢cm
1413. 43 1061. 04 1453.12 | 2T lcm BT, ARHELALT
795.23 636. 60 808.40 | L B,
10 509. 55 424, 4 514, 44 4~10cm [FHHHBEE y 2 —1)
R A R 2 e H e a‘:,‘f,g: ~
12 353. 67 302. 65 ss6.15 | &P ﬁ'L’L’ﬂ" L7 6"’% .
14 259.84 | 227.36 261.16 S t;/y_ ) ”fO)’Tfﬁ"f““T
16 198.95 | 176.8¢ 199,72 BemBadAEsLA.
48 22,10 21,22 22,11
5 20, 37 19.55 20,33
52 18. 84 18.15 18. 64
78 8.37 8. 16 8.37
80 7.96 7.76 7.96

COEAR lom ITETHIBRALTHEIG b ZEH DL L.

Fo

Jhg-

h -1 h -i——l—
1 [ iyor_{°72 " "T2) 1
xgdx—[ ] F = — -— (2.32)
' (=) | w-g

[ IS

SEROEMICEFORE L 2 OGO ARETEE HH ST RAER L TH 5H, Zhid2 kol
MAEFTE I BAICRRB T LizT 3, 15, Stravo OHEOEARI LR 2HE0 LS oHERAITIIEE
Wi, Strano HEOBIADAEIHEHEII ZTREMEZHL,



BRARBEIZBT AT oy F VRS V) Vv S ORI (KD — 57 —

Table 5. EA-Esseo tEiz X 2 REHEEE (10,0005 L TH 5. BIEBTHR2E2P I THNSE T E)

Tree number calculation table in the Hirara-Essep method

] h? h2—1/4 7120;01(2}(1 ‘ h h? 2—1/4 7:22:%0.}-;—
2 l 4 3.75 2666, 67 I 22 484 483,75 20.67
3 9 8.75 1142. 86 23 529 528.75 18.91
4 15 15.75 634.92 || 24 576 575.75 17.37
5 25 24.75 404, 04 25 625 624.75 16.01
6 36 35.75 279.72 || 26 676 675.75 14.80
7 49 48.75 205,13 | 27 729 728.75 13.72
8 &4 63.75 156.86 || 28 784 783.75 12.76
9 a1 80.75 123.84 | 29 841 840.75 11.89
10 100 99,75 100.25 | 30 900 899,75 11. 11
1 121 120,75 82,82 | 31 961 960. 75 10, 41
12 144 143,75 69.57 32 1024 1023.75 9.77
13 169 168.75 59.26 | 33 1089 1088, 75 9.18
14 196 195.75 51.09 | 34 1156 1155, 75 8.65
15 225 224.75 24.49 | 35 1225 1224,75 8.16
16 256 255.75 39.10 | 36 1296 1295.75 7.72
17 289 288.75 34.63 | 37 1369 1368, 75 7.2
18 324 323.75 30.89 38 1444 1443,75 6.93
19 361 360.75 27.72 39 1521 1520, 75 6.58
20 400 399.75 25.02 40 | 1600 1599.75 6. 24
21 241 £40.75 22.69 |

2.2.4 BATHEDETELEE
BEMWATE, —AC ha B DA, LR, BENHRO 3, BATERE K U8,
SIS R M B LEERLT 5. L DX ISR FOELEMD e 0BiEE, Foy bLRS
YT S TRIREHEERRTRAND, MEHET Iz ik, —F#ERRIRES. 205,
BOTFay MY TY VI THINMTHY, oy by 7)) v TRINDSIBRETF DT %
TRFEARL, TOHFMEIIHRAENEEALN L THOAUIR R, @D 1’

12 __1_ Cxpg_ 1
‘721 = 4

—_nk

W M:
=

T2

KN

N §pix
j>;1 L (2.33)

aj

i
-

(ki 12, 1., N DADPDHBHDELE, ANEDNERILZREN SV +F 5DHEMF
M, KAHNEEOE X, MUbDAEEAEGLHAD,)
EhT 3. AROHL,

¥

TRBARAT LI L(x,/a_,) Z2IED, TOMERDELDONESTHILEL VD, xr OB AV HOHR
ki, &%wmt,%ﬁ@bogbmw%mmmmWLﬁL.lmew ORISR LA ik & 4 Fikh
FLZob, RIZCHODHEIC E®RHLES.

i) H1E (M)

(2.33) & (2.34) THY,
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n N 6“):1
‘=1 7= a
y= ESL =l G e e a e e et aann (9 35)

n N Ze
DN Bgs

k=1j-1 @j
ELTRYD B
(2.35) liﬁﬁ&??d)ﬂ%f%muﬁﬁ%m HIIMMFRICH ZIAT, LAbiTFo jiz.:l(a‘.jxj/a,-) O
DEDHH DL HA jz_‘.l(skf/aj) AT ASARBRBRERERE T C A0 L LD TH 5,
DSBS T L bICHBERES 205, FDHEEIR (2.35) DX ICiinLy, Sk,

N " n N 5 ;1._‘__' N L 2
v(i)= (n—l){ ( (ax ))}2k=1(§1—kajj/ }}';1 ;jj)

B R

(7’! 1){ N by AV dj i\ ag
k=1 j 1aj
—ope ($5 3%\ BRI\ Y.
2) /cz-:l (El T) ( )Z-l;;—)] (2- 36)
CRDIEETE S, 188,
n__. 1 _ D 2
C=D 8 (3 By mOm DB DFSAR! (2.37)
j=1‘\k=-18aj
ELTh&l e ZOHEROWPBIMEELE LTIELROSNTE S, & oic—fliliims, o, ki

FP)T 2 HE LD RRSENOEAOHTENEZ SNAEDT, THIZOVTUTFIZli~3,
i) Fed (WAEEET L
N N
j!}‘l(suxj./aj) DIy et {)3 (akj/aj)}@zkbfﬁﬂ'é'éi%ﬁti B, HEMOTESRELY, THEARE
(knT, *21%,*%(&7;115‘“}&1 Thb, F#gE, $bhb, 45 SRT
Fem I b (2.38)
Y= N o . =
> Bes
7=l a;

oL

jv _ll_ 5'1: ........................................................................... (2. 39)

7‘[‘4:

Ernid, (2.39) REBSBNIKEME LS5 T OBREMRDMEEMIIHA

E (=33
1)(\) n(n—l) ............................................................... (2' 40)

A n

iii) 5 3 ik
N . . _ N .
/3;1(5:(1%’41;') DA EMBENHRDO £ D T constant A2, S OERREHER,

= A VI (2_41)
> (5 24)
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T XN 5. = DFGESHIL,

THEESN AW (w2 7ONH) . BARTREKROIHOOMMM—ETHHILRFINTES
0¥, ZOFER—RCESHTRHE bR 5.

iv) W4 ik

J. E. Kerricn {31966 4F, FPEZEHERAL, LLolifkr R L. pholikE, SEOBLER
(x, ) OENHBHA, y=ax ODEHEHTEHEE X, Lind, 1,y ESICHEBEERTHY, »,
Tk e DEWHFREIVNSOES (L&A UHEE) 13,

o

-

4 = anti log {—‘ (log yi—log tk)}
Ta 3B I N, logd D&HUT,
»(log @) = nl o {v(log 1) +v(log M)}

THELEhRENSIZETH B,
4 OFEXENL,

anti log{ -3 (log yu—1log x) 21+ 4/ 3 (u(log 31) +v(log x)
H jeay LA

L% DADROBG, 0 n=SGumdia, n=S0e e KHNYTE0T, Chbz ERO 5.
ye CRALTHET R LD, 153, TOEA, log yi, log 1 A& ICAHHA 0! TERSHIIHES S
i, log @ iX loga OBEBHEMARLIEEF L5, UL, —#IT log 4 13D BH D55, D o3
BTx, oS AMMESEAYRFETHD. ZOXIRT ER3WMEROEWHERI/ NI OBAAS
3. COFE log 2k log yr MIEBRATICHED 126 exact BHLLTH S
CDEITL DO FENEZ OGN DD, W3OHELN4 D J.E Kerricn O FEEHFER DA
THHTH S, LXK, 4D I E. Kervicn (HEEPTIOHRERLTO S, 7F— 2 —0HEKOS
DB, MEGTEOIDE D, BHEERSCLELTACLEEHLAYND D, P ERBERRDOEH D O
DSOS BGEIC b REMS 5o IEIZ Lcd > TH L OFILEET 2 OFHEOEIZR L, CCT, §
NTOHEIEH LTS5~ &2 13, EREHRSEEAENS T NENSBOT ETHS, bLE
AEASEGNE, WKL e 04— 2 —0fRY

¥ Xiy

T a; N 5. N N
1N e/ ar( 44 B_kj)_cm (s' Bkj\—‘ 5/:fo)
J=1 4y 1a; i1oay

262500, —EfEFRTH B, LisiaT, BAOANESIRE TR, ThHEYIIRSL
T B0 —H, H20HHEI—BAEER TS S ME L@ £ 5220 (Cocuran, p. 176)EY, L,
T2DHER, *OKEXITHH UL REAMTEZT S L 5P, BBD X S IS FORFOF MBI
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ORTFOZFIZKHIT S L &,

BRHATEH0T, 2OMCHOLNLIETH B,

LidiaT, —HOBAMCHEA LIRNESIREDNS, fifs LT, HHRAKDOXIICRENRTF—4—
ZW AR N — DT b5, WlDIEELRAVEZ LHEATHA ). —HIT, WHMNH-TDH
D)2+ (BlEsr)2=Mean Square Error (MSE) Av/N& 0 flhdt best THBLENTH Y, L
FeMoT, WHELORY &INE LT 5HiEIE Quevorie 2B UBDELDANCEDHAEE N, Tk, RBY
DENEERD B T & HPIE ST B7IIVINININLEHI0DEMIBINIMIOD 7 3 —f 2 DFEIIHD %
1n OA—#—ZTNELT2HDTEHLHTMBIITEIDOTREFITEY THL . COFED IR
EROMARELDITHY, RRTOWN v, W1MOL u P2HODI s L L,

1= 2011 — 0, 5(tg-F2tg) oreerererei e (2. 43)
VBT AEETH D, 0N, Demive DESEEASTHAR ManaLanosts OFEI AR A R
IZRMTXx5%. LHL, 2D RX—4 20k (2.43) K& obh sk, HEEEORESUMNKE
{RBZETHBH, BOMWNSL LB, x, »YOMHFBEN—ET, *HEBRSHCRESIENL, « D
MSE 3/hN2 155 C EH s ST 53 (Dureiy, 1959),
Ve T ¢ O3 dpic, Hartiey, Ross®© @ Witki T, (7))

I _-L——‘ s _l n }l
Fl=7+ (n—1)% (-7 (r-— 7n ,Y_‘l xi)

BHERREEZDH, SEE—RCENOREFELYKRE WS, 203/, Beare?, Ropson®, OLkin'®,
Pascar pe Nietos® DR LIBTRENTSH, ZNHIEDERTHC LIAMEOHRETIZALVOT, A
B0 T 28&0 RT, EHHROEHEEHECIEDOHILETORELRNT E2hh B0, #it
WHT i b B THIN O MHE S AERIEZ N 2OMBENTHA S,

FHEOMADPE LT, 1964FEHR IR TR B D 7 7 = v 36544k (EHE 0.25ha) Ofl%EdH
5 (Table 6).

i

Table 6. - % & & H & ik © L &, #l1

Comparison of several estimates of mean diameter and height

A=Yy R % L =
> - 1z =) 32 ..
%I%TERHCH.S | Diameter Height fiii
i (o | o RS g A B o
T EITRAE X ap, onfidence a onfidence emar.
BAF 4 Average " interval | Average " | interval
é&*i}"&]ﬁ{ﬂf[ cm cm cm m m M s,
omplete 14.9 16.0 b 1T Wik
enumeraticn . . Ly THIAR
w1 ik 14.4 0.49 113 | 16.0 011 0.25 [EBAZEL
£ 2 ik 15.2 0.50 1.16 16.0 0.10 0.22 sz Th
w3 ik 14,2 0. 47 1.08 16.0 0.11 0.24 |3,
F o4 ik 14.6 0. 46 1.08 16.0 0.13 0.31
EDMYE X, HTFE y EEDTE, N1 0KEOREVO LM IS (ogre0:)/ X, |82 DHEDRO O LR,

§0'1//.r°'.r/X-



BHR@FE BT BT 0y bR YY) v SOERIGIK (KK — 61 —

10,000

Fig. 13 (/g zxd s Tdig) ©
5,000} * MiE (v v #—1 v ei: BAF

+ =4, GET A=)
Relation between £ (1/g)
and X(d/g) (BitterLicn,
BAF 4, Takahagi pine stand)
- 1 — 1] I L 1 L
2 200 400 800 ZL 800
g
K
2g
10,0001 *
.
Fig. 14 (/e 5 Th/g)0H
(o2 —Y v ik BAF=4, 5000
KT A V) '
Relation between X}(1/g)
and T (h{g) (the same as
Fig. 13)
¢ 200 w0 w0 5L 80
&
54
h
401
A
301
+
201 Fig. 15 Z(1/h) cdd 5 Z@d/h) O
BAR(L 1 &, BT 7=V
101 Relation between ¥ (1/k)
) \ and ¥'(d/h) (L1 method
0 1 2 ZE]. 3 Takahagi pine stand)
n.
so0f
301
Fig.16 SQ/RD s~ 1 ¥O
ME (L1 BRT A<y g
)
Relation between >:(1/h) 10+
and count number (the
as Fig. 15) : . .
same as Fig. 15 0 ] 5 > % 3



HERBEHTHRYE P25

OO RT, WFNHPZDFHEODT, 19664 KIEFE A5 146 FRBEIC/NIED R F58HE# S 1>
5, ARDKREEAT, EHETORSK, MSE £HHF L (Table 7).

BB, CCTREENER4DOE vy 24— vy e EERI0m @ L1k (FRIOLRE) 2RAT, £
DERBEZTRTEUHIRZW U THE Lic. WikeE d 4 ADOKRDILAHURTE Sh i KRz
b, TOZTNENOEEZEITL, WREHFE LA,

ZORNP SRS E, WHOWMETI—BHEFTHIZEMbh s LbL, HRIEKEVFIR
L, MSELXORZ L, BOWRHEM r—U v eildX, S8IBENERE TR0 NEES
DT, WIS BETEMNEIS SN, MEEETHE, BAMSE d2hicohhEis, Ltk
T, Evg—Y ik Z Dft plotless sampling TIFHRFEP L E O FITII ISR LR
B, AROBEHEA» S, BROEUSHEHEEVALS (Table 8),

Table7. Rl 2 ¥ 4 Ao EZE & H W

Diameters and heights of four trees in Amagi National Forest

AL B No. 1 No. 2 No.3 | No. 4 ¥ B
R % cm 46,2 4£9.4 45,2 l 36. 1 44,225
B B om 24,0 22.0 20.0 20,0 21,500

Table 8. SEIEEIFFEOLY, vy~ vk
Comparison of several estimates of mean diameter and height
BrrrerLicu’s method
€%~ o tik , 7 &
BirterLicy’s method Diameter Height

; i =4 = n N - . N\

Mﬁﬁﬁ}ﬁ:& d | & MSE h it MSE
éﬁ K FE cm cm? cm? m m3 m?3

omplete

enumeration 44.225 21.500
1 1 i 44,225 8.7148 8.7148 21,300 1.5196 1.5199
) 2 ba 3 45. 300 7.5598 8.7154 21.737 1. 4636 1.5248
& 3 i 44,866 7.7479 8.1588 21.986 1.5258 1.7620
5 4 3 45,200 7.5698 8.5204 21.700 1. 4649 1.5049
L 1i L1 method
‘ T z I

L1 PR Diameter Height

L1 method d a2 I\fs\E i Gl ﬁng
g KW EM cm cm? cm? m m3 m2
Complete ‘ .

enumeration 44,225 21.500
% 1 : 44,225 11.0196 11.0198 21,500 1. 6320 1.6320
5 2 i 44,718 10,7788 11,0238 21.608 1, 5996 1.6113
5 3 ik 44, 866 11.5098 11.641¢ 21,986 1. 6256 1.6284
) 4 i 44,590 10,7925 10,9257 21.700 1. 6004 1.6068
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COWEZ X SICEINZTIES fod, BEICZORBEEEWRT tha it 208, 208+ > TREOHEE
fIis

i Do

SHRERTT AL, Fig. 17~26 D LD 27, U, FO8IEERT S L Tabled D kS
Fa iy

d
2 &g
10000} .
ot i
5,000
0 1 — o
0 100 200

300 1 400
2%

Fig. 17 £(/g) icxd¥ 5 Sdlg) OME (v v 2 — 1) v ik BAF=9/4,
TR FHK)

Relation between X (1/g) and (d/g) (Birreruicy, BAF=9/4,
Amagi Cryptomeria stand)

h
2y
5,000} . x
; . x
0 1 1 1 —t
0 100 200 300 ;400
27
Fig. 18 X(1/9) KHT3 T(h/g) OBk (v v 22— » ik BAF=9/4,
FIRAFHK)

Relation between X (1/g) and X(h/g) (the same as Fig. 17)



— 64 — W satcid 2 s
d
g
6,0001
5,000t Ry ,
o
4,000F *
. * Fig. 19 (/g itxtd 5 L(dig) O
3,000 MR (ey2—1 vl BAF
M =4, KA FH)
2000F Relation between X (1/g)
1000k and X(d/g) (the same as
' the former except BAF=
) . . _ 4)
0 s
100 200 30C 3 7
A
2%
4,000F
4+ +
Fig. 20 (1/g) k33 Shlg) @ 3,000 o +
W (v £~ » £k, BAF 2ouk Ry, *
=4, REEAFHD ’ +
Relation between X(1/g) 1000k
and £(k/g) (the same as ’
Fig. 19) ' , .
0 100 200 gé 300
b2 .
3,0001
2,000 s
1,000f
0 50 100 5L
> g

Fig. 21 Y(1/g) ¥ 5 T(d/g) OBk (v vy g~ v ik (BAF=Y,
KR F8K)
Relation between 3(1/g) and T (d/g) (the same as the
former except BAF=9)
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h
-2 x  x
1.500+
o/ Fig. 22 ©(l/g) i3
1000 . Zhlg) DBF (v
#£—10 vk, BAF=
. 9, RIEAFH)
Relation between
500 L (1)) and Z(h/g)
(the same as Fig.
P 2D
0 0 160 1
2F
d_
> h
301
Fig. 23 Z(U/h) 1zxid 2 s
T(d/h) oBEL 1k, 20- =/
HER, KA
Relation between . :
T (1/k) and = (d/k) i
(L. 1 method, Amagi 10F »
Cryptomeria stand,
line direction E-W) .
0 0z 1.0 Z_flt—
2n
10F *
Fig. 24 Z(Q/h) 2§57
5p p oY PEDBESK L1,
Yipasg, KR EH)
Relation between
¥ (1/h) and counted
0 0'5 ]' 7 number (the same

as Fig. 23)
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a
Zw
30F
201
L xx ) Fig. 25 (/) w93
s T(dlh) oM L 13,
p AL, KRR )
10r . Relation between
2 (1/4) and (d/h)
- (the same as the
former fig. except
0 05 { L line direction N-S)
h
n
10F *
Fig. 26 (/0 icxds b4 /s *
PAZRE - (1 QIR BT .
ﬁjl.mkr j\jlﬁz;‘f/{“}() ‘
Relation between
> (1/#) and counted <
number (the same
as Fig. 25 0 05 1 i
ig. 25) s4
Table 9. IHEERIC K A HF, HLOTEHOH:[EE Z D5k X PHEIGEHHE
Estimates of mean diameter and height by means of ratio method and
variance and mean-square error
B TEE® | 4 R | N, P | 5 B ] N
Mean Estimate of | MSE Mean Estimate of| MSE
| diameter variance height variance
. | cm cm? m m2
| A W K i 3
Complete gnumeratlon | 39.19 | 20.84
€y %—4 | BAF=9/4 ! 38.00 4, 1769 4,1970 20. 39 1.2745 1.2794
B ek " 4 36. 93 5971 7.6582 19.87 2.2547 | 2.2692
ITTERLICH'S
method 4 9 37.70 8.2397 8.3013 20.10 2.6724 2,6886
Ll # Djj ] I\Iﬁlﬂ_js[‘ 37.72 6. 5693 6.6165 20.02 0, 8042 0.8100
irec- o ;
L1 method [, é*%'? 38, 42 5.6871 | 5.7136 20. 66 2.6484 | 2.6587
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bias OHFIL, r=Sy/Tx DL ED E(r—R)=1/nX3) X (Rvar(x) —cov(x-y)) iT & D HIL L2
pp. 160-161 (NG E bW T/NE L, LFD MSE &4 ROEEM b L DL, &ML
ZEMbhnb,

RIZ, €9 2—Y 5 e EOBADERTO LW/, T/ OBFEE L1kzsYaRLHEEEZ S
ZLRDOE D ICE O EHREDLHTPEL, Kbz siifin+Eled 5.

ALomiEs 5 &, ZOBHA, BBOKGEE (FULE) OEEATL->THEVLS kb S
T, BHOATREARBEECIICTINVEEZRLTO S, 2R g LEZRFBRAESFLH T
THT, LHICEEL: o LI ~RELDON, TDOEFREZIFT I -2 &, BT, FHMTHES
B—CHEE HEOEHBL LN DEENEILALEDNUP S LIIBLDTHS I, UL,
KIDH ZMHL thaic b h b 59, MBS FEELEORBIGENMEE L85 L2UB LTS,
ZHIERBRERERED, B 8om 5 80cm ETOAIMKILL, HBRELS L, Lhss->TH
ARBDEBHBEPPEKE LW, HLbDEAbnb,

B3 ZMBEANOILHA

3.1 Eva—Ywkix

ey 2=V cERKAOD S ¥ 2 AGRENRAICILS, FIEDHA 2¢ 26T, KON ERE#
&, COFZEIHNTAZEZ, SORLETHARHBEMESEREL (LKL, HENERZH Y ¥
FROHHS T VA AMCRAKHERDEDICDNTTIE-Th L), WETHLDTH S,

1%, BAHTH 2 REMA o LU THMIMTEY T AL 51218 > TO A EBMMABSTH 5. Fig.
7T O AUZILL, OENIRERLKE, HadEThThCINERBERSAKEELLS 00/=R; &
THhE, 0%l & LT Ry OFUREHT IMAIAREBLEAR, BT0DANSIY Y FENS, K
DHE OP=0Q=r;=d;/2 LF 3 L, sine=r;/R; T, ROWWE (g) 8 arp=(x/d THBH
5, KMDMHIZ wRA=rr2]sin®e= (nd;cosecie) [1=gjcosecte &15%. O (wdicosectz) 4 5,
AETHRNRTES a; ZHETHIDDTH S, COa(I—HIZEHYT/NINDT sineFtane & & 13
LTH &L, 2L0DKDETTDHICH
BESLLAERATIE, TD as 3
(wdicotan®e) (4 L1558, 2rs Rj=
djIR; v 5 =1 5 £ DS Winkel-
zahl TH % 5, EEETh TS
$5 0T AB OR Yy METOEY
id, tane=AB/20'C =—35 T Winkel-
zahl {3 PQIOO" L3y, PQ=2r;= \

d;. 00'=R; 12ip% AB/PQEAB[d;%= /

O'C{R;, W7z (AB]O'C)=%(dy/R))

LRBEICIRIALOBRE IR S Fig. 27 oy & —1 o L EDEL
T3 (d;/O0’ {3 Grenzwinkelzahl Conceptional figure of BirrerLicu's
L13). method.
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LD & 51 ha H7- D OMBEZHFILT 2121, EATHY Y PARD 10,000(x5/a) oFERHNI
XODTHBH S, 10,0000x5/a,) = (40,000 sintaex;)/m+d 2= (10,000 sin®wex)) [g; (gj=mwd2[4) % 7
TV ERICODTHRL, ZOGHEREAT L TRBILITXN,

x; BFEROEHEE, (10,000sin%x-g;) [g;=10, 000 sin®a=—3E, ZIEMEIC 2N 10, 000 tante=
Q00AB/20'C)? (B L —ELEY S, IRME Yy 44— v L OIFEFUERAL 2 C &R KL MbhrTil
Thb:. 2N3RE AB=2cm, 0'C=100cm & L7 HliFGERKIZ (100 AB/20'C)3={(100X2)/(2x
100)}2=1 ¢ L B3RELDHPT 2L 5L, AB & 0C DIERELEZ TV, CDLINHFRREKT
biEMON S, WMITHERE 1, 2, 4 BELAVSN, HCHRTRADBEZLBOONG, WMEEEL
(BAF)1,2,4 K L TR ERD S RMENTH 50d, 25V 2d, 25d 8stisd 5 2 &R L LS, had
e D HBEHEET 15413, 10,000 x;/a;=10,000 sin%a-vy/g; 2153, ZZToilgi=(f)j=Z; L5
TR EEZ B &, (10,000sin% v;)/g;=10,000sin%xsZ;=BAFXZ; +12%. L 1 di->7T, M
DEMEFET S g7 Th->TH Lo, HHOIIEE /2 OBIE) REMERLTEE, AV Y IRDE
NoDETERYD, BAOFEAELY BAF £5H3NniE ha H: 0B MRES (Appendix1 BR).

5=y EIETES ) —DOHMORYH#B5., T1bB5, $3ha b1 ) OIS jr’%g,;,,-)
ZHEEL, TNCKIVE FEhIhidin, 2D T &, gihilaj=gihilg;x10,000X sin?e=4;X BAF
ER8Bp0, BAKETZAY Y F AOBBORERY S &, Zih ha B h AEEEHOMERL S
L5Tthobhd, bbb,

n N n N . n N
L8 % g0,000=L 5 5 %M 1 &S5 . BAF
N g=1j-1Qaj g=14-1 Gj n ok j-1

-~

T, COMEMR ek T ha Ui IRKKHOAH LGS, COME £ & b HEOEN
HHBDT, ha Yi DFENAN X EEMTLDATHL0T, —HITVDY S, KMEREDAE L
FEELTRINEESU . KEEHET 28813, 27/6;X10,000sin?e O z; Z1EBERD 5 C
&, EEERE, FESEORDTEIMETE LB DTERT 5

PRIz G ha Mic ) FHOIEMOBETH 5, CNb—RERTEY Lk Sic, EATD

N s N 5.
yr=10, 000 sin? e Dt (BAF)Y Bki%g
£j gj

LT
FHHL, 3o ORUERD, nTHY, FHRERONY, BERERRE 2. 5 & 27 sk

& ERRE ERABCHES BOERLE LTSNS, Srvoent D ¢ FE B (1—1) ©0.05
DFEREVILT, ThEHTT, %% FEHRMEEZETNEEY, habith OREMOBFEHD AKX
RV RINORS RN

N
1r& xj'n' Y @mXixm (Zx)2 . <
25 A S fmAidm L 2X)” 2 1L, A ha Bifr
A [jtll a; +2!?-7‘n Qdn ]X (10,0000 (% L {3 ha Bifir)

EBe a; 2§ FEOKRDHKIET, an 3! FAOKE m BHOKRDZ b - BHEKTH S,
LDFE DN THRTS B4, AMREHILEE, K52 SIMKEROEH a5, 2KOKRDIDHY
DI am TRHOBEERIIT depend T3, §RTOD a5 NEOLHTRELLL&HMELESS &1,
EDHWERLL > ThT~TERHRSEN T v &N, BERUUELEH I iH, METHE~HRICH
MY BFBE ey 24— v LIRS TOEEHTIIE S, (E-T, B—HAKY, FE—OHBEHTIIHD
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HATH, IARDOEBSHFRD & FIIHWHNEL, PHRERL
D, TEFEHELTTEERAMBRELD, FHomTL
FREBAREANE, SRZPLEE4, gz &l
5. TOFEMIHPIPFLITITBOTTNL,

ey 22—y ETREHIDRED Y O am 3, Fig. 28T 00’
=d XL, OM& OHOERERE r, RETHI,

Fig. 28 JAMODERZYD

. . Overlapping in
_ a2+ — R? 1 d?—r?4 R3
am= 17" €08 1=+ Ricos 1 —— B-Method.

—'712-«/4(d3r3+d21"”+r21?2) — (i i+ RE)2

B4 d2— R3 2,24 R2
=20/ S(S=PI(S=RY(S=d) oo reevermrirmiininiiniiinii s B.1)

(@2S=r+R+d +73)

Table 10. BT HTVYRIZEBIT Ay =1 v DM ERE (BAF=4)

Experiment of Birterricn's method in Takahagi pine stand

t= e 2 e EEmofE |5 B &’ Sy BRI 2
EARIW) ok e d | 8E oM | Contidence | FAEEE
enumeration Estimates Standard interval error
o _ error [95%
A ¥ /ha(N) 190274 1775 161 370.5 —6.7%
FEHBE%E () 14, 9cm 14, 4 0. 49 1.13 —3.3
TGS B 16.0 m 16.0 0.11 0.25 8
Hr W % /ha(G) 35.3m3 32.4 1,82 4,20 —-8.2
7 % /ha(¥) 286.4m3 ' 262.4 15,54 35.80 —8.3
PR E /ha 578.2m3 528. 4 30. 90 71.4 —8.6

5% (Remark)  MIEAMED Leh/ha 1T 245 V/ha OERSBERE IR, C T TR 0.4954 L85,
D 0.4954 IEOELET B LI\BAEGT UL, TNk Deh [T g THE L HATHT 261.8m3, <
DOEHERZEZ 15.3m3, (FEURIE 35. 4m3, EAMEMTHL 8.8 FBN&ER B,

Table 11. REFAFHICB I Dy 2 — 1 » e EOTEMR (BAF=4)

Expenment of Brrreriicu’s melhod in Amagi Cryptomeria stand

) EORAE | = . st oA

EAREU g | B i | B, 0 8 EAEEE

enumeration error interval error
Nlha 4584 486,70 49, 84 104, 31 +6.27%
d 39, 19cm 36.94 2.76 4,33 —3.97
A 20.84m 19. 87 1.50 3.14 —4,67
G/ha $9. 1lm? 53. 40 2.91 6.09 —1.58
V/ha 563.92m3 558. 68 35.03 73.31 —0.93
i ghfha 1314, 68m?3 1309, 20 83.54 174,84 —0.004
(V/ha) 563, 92m? 561,57 35.83 75.C0 \ —0.004
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LL BB,

4, ¢ 2—EEL, KOERD—ELL, AFES—ELTNE, am OFNCLY, FROKEIHE
£AC ERERE DEENNICHN B, COMBIEONTIR4ETHERT S

RIC1964410 8 Sk sk B S BB MDY BSELED T A= VK TDEE & D, €y & — Y v L EEFR
< foER%Z Table 1010 Y (EiEhEH L CTERO MRS, BiERERL ). 4B, 1965FEXE
WEEAGHIEIC, ~/NEHE Lha (CHOTHEEER 4 2N T20E% & » 1R %Z Table 11 12777,
SED2WERD &, 1L ERMOABME LEHOBEIEE L LB E, WTFhLBADHEELR
VWE, CNRABYRCIBBEEBE LD -0 LIZFRNTZ00TH 24, HROEAIERK. 2
ha, KEOHAFER 1ha T, WIEOEHSRZERSKED /4Dy, KEDROEEIHE Ebhz
ICRABH, JoEh R v L% systematic IGRAL L CAWERES OMBAMNIZEAL LMK

v AR L DR 2T, HBLEREDEOREER EDNUL-720TES S, L

7L, ThiKLTHEOMOELICHMENS Z5% 0.26ha ToHldlha T3 HLNHTELILKHZD
T, ©% bias DEUAOR, DULATHOMDKCIIHBIROEEVH b DEBELLZRETHS
o LT, RBHEEEELLROTE Yy 2— 1) v e BER 2841, HWHOMEE, BROAND
MERELE 34, MOER BRCS—EOHI¥MRELONES . 1h, HABHROMERELLHTRT
5l ctd b,

Ey f—Y 5 bIKT, SRETEREAEDABTENRIPUEN oL LT ELDTHKRG ZFERT TR
ANIRTETRESBH, Srrand BEFABERSOMNREEAESHEETERLLTH S, Thitld, BL 0
ESHKERTOHNY v bAOEEBOHOEEE LN, 21 ha H7 0 HEKEKERAGFEBE T L
THD. COTEE, —RERPOBBICHMTE S, §700b, MEOI DL, FEIETHE 1 O
foERs, ZOWEE R L9458, RXBAF 3,

AF><

- N
E(ixBAF)=2 35 3 5 jhi; = BAF X S 1By
1 J=

N N
=BAFY h;X2L =sin? #x 10,0005 gjh;
1 A 7=1

cosec?e 10,000 .
X 1 == jz_'.lgjhj' (3.2)

&Y, ha HAOHEATIORFEHEEME RSB EBsbhHhad. LFL, T :Y\_:-gjhj 4 I'Zx.él_vlg,:ﬁG
CBIAT XIE, MARo & 5D T, Strano D FIRAERHEEIC BT S e@*é_M—:('é'? b 2T,
MERTHIRI K ST, MBHEEOSS, T ARSHSERICEELAET 248, U DN T Strann

HEOMTIHRT S

EEROE LR & OBFE, HBHROBREEE OO TRAICHE AR D TR~E . KEFOH
WHEZRICEEDTHL, ABE 8 LT 5,

EERERIARE (d LT

1 BAFXd; ERRHATDA Y ¥ MEDF
&i

(51 Table3 k085 2 2)

ha Y+ DAL : N=HEHEAKOT



HBHRBEEICBTE oy b LAY YT v SOBHRIIE (KK) — 71 —

1 & by
=33 XBAF (BiGHRCRED veeveerensserssormeminrinnas 3.9
ro1i-1 &5
noN
ha %7: 9 H& '—_-—'lz—l-_jzgw(ﬂz)ijAF ............................................. (3.5
1 2N
ha M- DR : G= _h_z T B X BAF «oeevieremr e e (3.6)
%=1 j=1

ha %7- 9 MRk ER : C

1

n N
=7{k§; E- SijhiX BAF — % V gjllj/ .................................... 3.7

(HROERCEHEE LTt 5 & ha :ii_”)M\ﬁ}MﬁICf %)

SEEHE =—L;1 =1

% d= ﬂal gf (L) erevrereemsmeseesemrnnenens s (3.9)
PPV

3.2 EM-ESSED %

CDFEE, RO X D ICHKIKETELTHRS LKH Y, TOFHE ED—[RE, ROWTEHSGE
HEBTEZEIUROBTAMN—EM 2 ILETROAD VY v 5, SEMRZ WD OWRIERD 57
BEERLTO A, EEOHMD L S oA, W, M FHiiE FHMEORREEGER
»iHRE T DOEAREEOHEE kA R~D.

EAQFERIERIIP BB LT, ZOHEORFEO—MMRPODINELTEZ ),

B2ED (2.1) Kb o

yu= S 2% 10000
i ﬂ

ZEATRONE LS, COLEDRITE % a; R Fig. 2980 bd B XD, OA=hcot? g X5 O
D a; 13 whtcot?g L5 Lichi-T, (x010,000)/(wh? cot? g) &

AUV PKRICOVTRY, ThEFETEICARL, 2heEghd {} B
ha H7- DD x DREFMNRKDBONS. FHED 2/ 4 —4 -3 B%& 68°15
ELTWBEDT, ZhaMiss,  x10,000/a=(xX20,000m) [ whi=
20,000-x/h2 &R DMEIZILS,

VWE ha B OPEDOZHJREREE LW, ~ig 22 #RAT
i, A9 Y PARBIZ20,0008 0T & . Thid ha e DBED
ZEMOREHREBICE b, PNIZTZT, Tha ORKERK
N L, 8 » OEBREE C L9hid,

1% B Fig. 29 M-Essep Hg:0#
b hjz=Nhﬂ(1+Cﬂ) ........................... (3.10) ik
E1BH, C? B—H /I LTHHEL, Conceptional fig-
Y it ure of Hirata-Essep
h —\/ L e (3.1D)

method.
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10,000 ¥ 2 a, 4 —20,000 32 8;’? . xg=hg?

EFhH, AR 20,000 5;=20,000X A1 7 v A ENR D, LAhiaT, ATV PEAROEYE Z
SFN, 20,000% 7 12 %h,z D ha B D FHORREET L5555, (3.11) O Thi i 20,000
ZERATBE,

~ {57

F=100y%
LD, ANITHEROEEHEE LT3, Z0HkI, ATHKTELREN CRAI0»5 HHT
HAHHH5, RAREMPREFLR, EEHTEDRY, HoBlo-TL 3T EMTHEINE, 88, &
S NOEEEE—BIAD» SRET 2L (N=AN &T3),

(1\1‘.10000 Z)— 10, 000
Nn % mweottp °F

E V‘/
Nenewcot?p 4o *

10, 000 N 10, 000 n N
= By N == N E 3 5y
Nenew cot? g Lk..lj.lﬁ” Nenew cot? gg qus“
10, 0005 a; _whyfcot? 8
_——— \"‘ = S = e
Nejrow cot? g 521 £k (E(5“) A )

_ 10,000 Y mwehfcotts 1

¥ 1 N
T Nemwcot?g 72y A10,000 AN ; —"fz N3

(ZZ T, lha OMMIOAEE N ELTWEH D)
£ B, LXK DICEM-Esseo OFEIMHNIR _RFHHEELLELTVEOT, HICBREEEEZ 5
U, A=100V2ZIN OEIARZE S ERICIIRD SNED, 2720, HMEBSRRO X 5 IGEHIIIRE 50
B, TNLVEBABEEZRDS L LN,

n _
= N (Z—2)2
()= 10000CY) 10,00 1 _M( -2 (.13)
PH)="NezrcotZg * Nemwcotig 4n =1 .

tan2g=27 &9 3&,

S (2 Z)
oy B 000 mt e
v(h)= N H(H—l) ........................... (3. 14)

PICER-Essep H:DERFIERZ S ¢
KRG HOFMB L RWHT 1964 AEATTRL 5. 5ha Rz bh D, HEFEFTHURLZ 4 BizhT,
ERFARED L, FHILT &0, VOELETIE/, COHARERURAELTE-4DT
ha H7: HARBERICIUETE TV 3. BRI AXITEE L. BAFAROI LTI 25.2m TH -
too THITH L, AZEOHEREMI,
1% 25.94m
2F¥  28.00m
3 24.00m
4% 26.66 m
Iy 26.15 m
FHiFEEL.66m, SEHMOEEFEZ0.83m, FEKMN2.66mEiY, 3FEHRE TFREBSHAHAWAEM
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Table. 12 Pettawa iCBF B v 45—V » ik, M Esser FHOHELZE

Experiment of Brrreriicu’s and Hirata-Essep method in Pettawa Forest

by KexparL and Sayn-WITTGENSTEIN

o , &
Height
£ %dﬁfﬁﬁﬁégbigﬁg?
FR T R % _ R a= o s ROHIT |
® 2 E’fgg ng EEEE% Tree | ¥ [ |Arith- | Average | %37 g: Eﬁ R
Stand | diameter | area |Mumber] Stand | metic| height of | Average |} c° 0 | Quadratic
age mean stand height of bg' mean height
height | weighted | trees in- Re{a_
. ! (acre by basal |cluded in| (1/5 acre
(in)  (ft¥facreldb?-bH) (1/5 acrel area Relascope pe plot)
plot) |(1/5acre plot)| count
1 3~ ¢ 138 1900 23 21.6 24,6 24,6 24,5 22.3
2 2~ & 166 1900 2 21.6 24,6 25.3 24,5 22,3
3 7~12 185 370 33 53.3 53.5 52,5 52.2 53.3
4 5~10 255 775 33 52.5 53.5 82,7 5.1 52,6
5 3~17 185 390 80 74,3 77.9 77.0 70.5 82,0
(<] 6~16 169 390 80 74.3 77.9 79.3 74.3 82.0
7 8~16 215 290 | 80| 67.0] 82.3 L1 79.5 70.2

EDBENMEERLC, UL, EUMOBHER Gy 24— v eEPHRBT AL 18, L 2H%KIZH-
CRTEEHICRTI TS0 Ciud, BRI, BlosRiiacw, BRI X2 I0AZ#EN
ROZ0HBHREEDLN S, bbAA. COWRLI—HTEINNTEZ LREUTEEL., XHIZE5—
#ELT, 274D R H. Kevvacr & L. Savx-Witreenstein O#EHIFT LS. SIS dEN 8 % 60°34,
LichioT tan?g=x Z L 7o, B3 Pettawa OFERKTH B (Table 12).
BBRRLSiT, €yi—Y vy DAY Yy KOBLZHHORET, WEREZES S LEHEED
—HiEERTH B2 L1, —HIR

— =% ~ (s 12T E FIRED
5 3 Ebg;
k J & ?]ﬂ t

v kg y

%hjf Eﬁ%’
\)' /igj = V\: .................................... (3‘ 15)
A el
i1 -

PLIEWTE S, Table 12 THRTHMIMEEEAE LATFERERC Yy 2 — ) » c OFSfes & Az
e LidL, FHE-Esseo OBMIEMIET 2 ZJFEHEICEL, KO O3T L 0NN BT 22
WEMCEBEDLEDNS Y, BELEDPELEOHTOERL, MEHEOTWHTREACK 2184
DEEPBREVIDTELALD I d, 15h, FENEES & LAFEERERVHDPE 05— 5 1 (Lorey) @
FIgRiAE S TN, BEL S PIC—RICENTRECANONTN S
¥m®%m®ﬁ§,?ﬂb%:%ﬁﬁﬁ%&ﬁ—i4®$HMM*®%£m:—/ —DRELHS

PN L.
28 = il P I“"g
J.g.i i quj 2
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N & X

S g JJ%.'lgj“ byt
N é\! (;‘V‘ )2
g, b

7 gi j=1gf

Lgf(Zg)* =21 T, {Zgf/(Zgn®t—1UN={(Cgp—NgYINZ>0 5, Tgf (g ik /N &
PDREV, LT V(AT (R SVIRIN kb dst TghiXg & vIEIN £ DK
NORES—BUCTRIE T E LD, —BICR o — 51 DV HMHOAMNKE L EODIRTEY, COR
HMBEHTEy 2= » S ENEEOBETRED £ 9 TH B8, 1/sacre D70 v b OBED
THRHIBLH TR,

N
BERD X 5 1c i -Esseo {hORIFHEEM T 22 2 —FdE@iiE kb 21013, —HiHEEO }'lr=]§1(8ijj)/
a; iT 10,000 = b DA kb hiT Lo,

2
ay = hwcot? g =_’7f- (8 = 68°15")

CEHAC R EEED, BN 68°15 THl- 2B AOKNT ORETE FICHFTH <.

A B 20,000 & & disty _ 20,000 ¢ ¥ s/ .
¥ $ ./ ha B 1%"1 P " P3| 2:1 T (3.16)
N o5
B B ha 20.000 % % BRi8T s (3.17)
noogmj Rf
N
@ B T5sha 2000098 5 B s (3.18)
N g-1je1 hj
“ oW 20,000 Vn N Bkidy e
¥ 3 &/ha ” /c>71 Ehe (3.19)
n N .
# & #_ha 20, 000 i: b B s (3.20)
n o go1je1 bR
n N s
MR pkkRs /ha 20000 ¥ & BhB1 e, (3.21)

n k‘:llj.l /tj
—RITE3 20, 000/1 DfH HIT 10,000/ (7w cot2p) EHBFIEBOLNRBITHLMUTESC LIINR
Thb, 4B, AROHERKSDVTRZ I TIZI 2B/ TRAN-L IR OBBAETRIE LV, (2.18),
(3.19), (3.20) -5, Rt d, FEHG F RROESICKkDSNB ERTTTIRAIZEE D T
H5,

- k13 R
};:"L’\j__j_ PO (3.22)

ZOFETHE, I LEKRROMERIZRA Y v PADEEL2NS R AIN 5, S oiZfoRFOH
EL, WEOENTEELRS B INTIN S0, Fh-Esseo FORFIEREEEZR OB EST L &
WHETARDDM, FMEHEE, bs0E—EEEERD L CEAY Y PROEEPHTTION E £ EY
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B, TNTE, COFEOEFRBRETONTLES, o1, RKMKPEEHRTIE, Av >y rRROHH:
STEHREENEITNEREINKREL LD, COXIBREEEZLSL L, COFERR—LTATHOE A
DHEFN G, EMARETBICFES, Yo 22— o ik linesampling 1CH~5 L HRS HiEE
HOWALN,

JEMADHETF OB EDHERIT DO TIRIIRD & &5 57250 O 0 LA Bl ToEmEokn i,
€y &= v e LA A—CEETOMDIEMY, WIMIEROZELT, AHREFEETNELL, F
BifE, EEAREIZ 0T H BB IiEEEOSEEAOIUE X,

3.3 STRAND %

TOHEEBH 1R, W2ITHBEBDHNIC—IER Srm DS AET, TORLESTLEMN
5, EORMORIZONT, —5EfM p(=63°30") THEEHS, TOAERZHXETLOOEZEZR D,
EN%E Ay LU, —H VIR —7OWNSER 1 EAy, MU MoREREL, 7YY P ROBE
Ay ZR S, BOFMRRYNC T ¥ F LIGEY, BEEXOHMIM 25, KRTELT YV LLHOF
EEDD. Strand DX ICEITERICT > TERAZET N INRFEO BB -TL 3455,

P2HED 1Tl ELD, TTERMABDFTRMRINIKRICONT R, ay=Ilhjcot g=(5mhyi2)m?
L%3 (1 3BT 57m, B=63°30", cot 8=1/2),

xila; DT x5 % cgihj=medPh;!d LT BE, B ATHY 7 P IhAcKRIZDOTH,

x  wedshyx 10,000

N sij.
=3 —L%10,000= 23
T e 5T,

N

=3 Bejeds® X 10,000 +weorerereerreesensieinnrenteaansneraaaaeeanneas (3.24)
-1 10

ZORE, BRSPS % gh TBWIDTHEM,5, ha bich gh 2HETIHDTHIT &M
bbb, E5I, dF cm B omBfliciBT e

EEDOHTHMICEY, FAITET 2 DEEEETIE, Lg;hj DORFEHEM KD 5D

LichioT, THICHABEE»INE, 2O ha ) MEOHEEMICRE 20, COMRDER F
o&ﬁbimﬁ“ﬁ&)é XTI G (ha S HHRIWERD) & £ (EHRATHRT) RSN TRIVS
», Gh= ;_g,kj i3 g »h pHBESLOEANAIESH—BIZRILLEVD S, HHEE,SRZOF
akE bf.-ﬂ.‘g DD F RBEFIHESRINMINR S0 TNREBOE v #— 1) v e IETHEG
DOFIERDT, Lgh RHEET ZBE LTS B,

fer 2, BBTHHBEEOT A = 7 ROMBHEET 5 S, PHER L DI L0 4E 0 S MAE
HAGRLIECH, 286.4m3 OEARMAMCHL, 31L.9md LS T HhDTHRARELEG .. oK
M, HBHERDENLHERTRS 50, HRDPLLRIHHBRBROEEEH D, BIEETELTH
f:;bwz’_o“Ciﬁj(fi{Ei’é‘:’”, ULhdohigEMus el Th-1.

54, z:gjh, & ch_vgj Z y ko ks S MES RIS LS.
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gl by

N N
& T o J=1 =1 N
3‘__-l gihi—Gh = j:lg"hj AJr ,"‘l(gj & hj—h)

ZOMBEOEIMEDOELEICHLL, £ & hB—BREOHEZ - H» 5, ZOMIIEICESE, Lic
Mo, §1g1111>613 ERD, RIS ED ORDIFFIEEE NN 2 LWITEREEICE 2T &0bh
BE2, for A, WHOMTIE, Dgh=537.9md, Gh=520.5m3, KIOMTIZ, T gh=1314.7ms,
Gh=1231.9m3 LBWMREAKIHZBEZOENREL LS,

Strawp HiTHE T B Tghtha O EPEHEREOREEN L, v s — ) v c EROWTE, M ok
WHEFERTHL P OEAWTHH, RO 1 wRERb 2 &, %8, WEHcTRD LN TEY s
LEZoNDHO, HEBOBEOM, SHEMEOHFERENIOhE XD,

Straxp DROFEEFTE MU EZBELHMS, VIR a—FT—EOWBERER (—BIZfATY
KB ZTIRTELTHL) THHIL, #I VAR TIEL, dy LB Bl kSic, Wi
BER 1 OBAE a;=57X0,5,d;(m?) X755, \E, x5 RHEKLETHE,

-:,djz N T mn 10.000%; _ ,dsf-2X10,000
(emB= 4(100)2( ). a; 4x3~r,djx(100)’-( =

5. > TEMTHILABKOBEROTZEIED, 10 L0k s THNIE, ha B himEisskE
ZLER—EHEHB P ODOPB, THLS, #{HOBOFNDOADAL F R a3 —FTHB LIEAR,

rdj

xj=

1 2 13X djedj
TS Bl s b \ .......................................
10°% £21 7=1 Biirds =5y 5 151 10 (3.26)

2%, ha B DHAOWMEROMER LILE T EMENTE 2, ZOBLON, ERBEOHEERLHTE
Eys—Y v CHEOHBEREEOHE L —KT 2, Sraro DEFEORDHE, (8.25) % (3.26) T
DHoTRDBDOIIP S, nHEMBLAL &R,

hr=

T hig,

Z gﬂz,
L= (3.28)
z g5
=1

u—35 4 OREO—HHEFER LB EERT . (8.27) ONMOHEEIR, v 2 — ) v ikl @RI
E IR &,

b (S (SR g (sl derds) ot D)

v(i) = k=1\j=1 10 ~1\;=1 10 ‘71 10 k=1\j-1 10 /k
LT 2 X gedy \2
(5795 (=)

n N ~ ¥ . n N 2
$ d ) _ (\ﬁ el ) ) 23 (\ﬂ »d)
n 1( Spjedy . ZhL - j—-lﬁuc 2 ﬁurd; k+hL = ;151:;7 i),

-0 ( i g Sk,,dj)

k=1 j=1

7 2) WHERTO A RERAKEYRECH B, hx LEFAHOTHMEORINZNOT Gh & GhxizbE Y
#h o0 (B%XH: Some Studies in Forest Mensuration by E. Ontomo, Proceedings of I. U.F. R. O,
1961 £ H)
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Table 13. @3ET = VHKICEBIT S Srrand HiC K 5 RERR
Experiment of Srraxp’s method in Takahagi pine stand

fiE AR gl s o s | B M | e .
Complete L R N Confidence it %
enumeration Estimate Standard error interval Error
i 16.0m 16. 4 0.60 1.67 (+ 0.4 (+ 3%)
G/ha 35.3m? 34,1 2.2 6.1 - 1.2 (— 3%
Y:ghl/ha 578.2m3 559.5 27.9 77.4 —18.7 (— 3%)
V/ha 286.4m3 279.8 14.0 38.7 1—-@6(—&2%)

Table 14. KA FHTE T 5 Srrano [T K 5 HAERER
Experiment of Stranp's method in Amagi Cryptomeria stand

| gk i | o ogmow | B B S| #
%g‘;;";‘i%t{f Estimate Standard betror Ci(:ﬂi;lflf:lce Error

om | T | 8 | T | T | S | AT | i
E-W line | N-Sline [ E-W line| N-S line | E-W line|N-S line| line N-S line

Sigh/hal 1314.68m3 1278.05m® 1176.02m®  95.48 | 110.44 | 199.84 | 231.14 | —2.8%(—10.5%

Viha 563.92 548. 21 504, 52 41.0 47,37 85,72 99.151 —2.8 [—10.5

BBORSTRIIRFEBELD LV EEZTRL, EREIRELY bARIEVEERRI S
(Kevpar, 52E8H®), QAD L S KHEBVHHEEHRTAIAETRAEMNTHRVBENO X S
EROTOAETE, SHOTHEMBHETHL. &I, Tgh CHT3HRGEHOEMBE & 12T
Fhid, EALRZDCEy 24— v eEiCEZ 3, Ev 22— v ek THRABRD X HIZ, HEDOBRNC
&Y, Tgh ZHEETEEHE 22— v T, BEZMSETN TR SIS, Srravo HRIHRE
WhE XN ZHTH B 4k, MEEHNEEEEE LTE Srrano FHICKNTHIFHTE LS,

5E, Sraxo EEAV L LEXRAT LS bom OEIOBRDEAVBLEZLD, FOLIUWREXT
bhl, A, BROL1EOHFOLIIC 10m DREIDOEIOTWMOKRERBAT S L 22, —HE
MOARP S

Sghiha= f_g D T PP (3.30)
kJj
Zg/ha L Bkjfdf (BAF:I) ................................. (3. 31)

_ I E deyed)f
b ﬁkjrdj

=

............................................................... (3.32)

THETE 5,
FICERBOMWEDHEBFTEL
FEHROFITIY, Table 130X 5Ty, KBV TIE Strand BEEHETLAM A, L1 HOF

—2—55, HEUIHEET % 50T Table 14 iR,

RBOBEIR, BOFEIC KD HEE .

BFEENCH - HEERE BOEEM A 5.2 T
BTETLD, HABBINTOMRDO L LEZ

BTEB, TOHEREDRT S L2EoBigL e

UEAFILD, HET—RICEDLNTHE LI,

WA, U, BERIICE S K FITRBEEGSHRREE LA
Nb, Straxp BT ha b hOAKEHREET 2T &
FARICLTITRE Y C EMTE 3, FREKIGPEMELE

PaY \).4
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OHELLKERTH 5. UTORBEARERBICHNTII -1 bDTHEIMNBEETERLTEL .

LROBRPEFITIIROFAERICS ¥V F LIZED, TORITRTZOFIE L -7, il
BTLIS VAR THAAEEDTS, HEROMBMERRZEHLSROE, 22 L, KBKOHERKELHER
CEBRHDELRHEMICIA S . BETLIZF V202 E 128G, 7 L3R 1 7 BiZ
Straxo O 1T

0 a2

Jo Jodo 2athjcot 8 lhjcotp  ay
2 = Pz A = a =—A— cereseresttacinene (3.30)
] T
LY, F2ETHREILICGENT S 284, Lich->T, —REERO (2.2) X3EM TS, ha¥i-hog
HARFORFERENEIRID TN T A > B SRR SRS Sidbh b, 2120, Bl 13

RO am BHEMB->TL ZDOTHRRL-TL B
3.4 L1 ks
Stravp BV F AT LI Y /A —F =BT, brm OESMERTEFIFITCEYG, IHlROE
BAERD, MBI e—7 4 OTEMEERDBHFLELHERL, Cvi—

70 Yy eHETHRIER Y Y VRO, BRENELT, HE AREEE
1" BHE TBESIC o LR AT, HEIE Steaxo OHEE S B L
10cm T, €DELLHETEY, EHE BEEIELT, M BmEd, K38,
l SEEEE, EEBEERD B LA FEE L. E5IC Strano ERNLBZ L
Ssers C B, fES Srm CEETSCEN, ERIEHT ETHB.
Fig.30 TADa/ # — L1 ¥ Tld, Strane DD EZAHLRELD, FTFHobLHIves

°20/ 1z tr s
PERVERE  wpmases, HWCT VS LCREIET 5. COREEAL L, R

Remodeled Hirata's 7 VY F AICEBDONICHNIZ L 4 — b VDR EFET o TOBEA, BS
conometer with the

angle of 63°30". OPRLNMIEHAEZL - THIOL, HAERTONMA () LT &0
H, FEORSEICHEYROBEELHE 2 2

] & 4
&, BEEBLT 2 ORSETHMIZE > 1

FHhikl . BMEZFEHOKER L 25m HAET
Ho, %il20m PTFHEN. ZhizbbbA
MDD B OB D K & WP BLM
: g 5, EBHATRE, RECHELRAT
10m BB TE . ZOEXILBAAKER
HezZh o, ERHTIE U TELT 20REMTH
5. Straxp D 5embEPIZI L TEDL I D

Fig.31 L1&0OFfi#k Fig.32 L 1EOEM®R #Eh8, BEBORBTIII0m, 15m, 20m &1
% #® ) i ’

v

One side obser- Both sides obser- 9 X5z Lz FAHsHB T EE L OlicEF
vation in L1 met- vation in L 1 me-
hod. thod. THD

3 KRHXEEBAIMNIERKS C O & ERTAELTHS,
4 K# BRIk,
%5 ik O1 $h& LTHRAEL T oA, Line sampling OF | iO#EET L1 HL®di:,
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e E LTI, MEOEER I tan g=2 L7135 5iC Srrane Off 63°30" FRT Lic. TORPEOL]
A3, @EKEOESEN, BEOENUTOEACHRAMAY Y PINDTLIKEEh 0, BUTLS
GYPTREMEILHUETSE, FBERHENOCTREEZLEETIRRIARLLE» 0TS
3o BHETHO2/ 2 —2—DhORFOTHS lem DL AL, BLC=—nF—7EEH DM
2L, brd>& tang=2 L5, BB, DOTILIOHEOHELTHETAE, HEERDBDICH
RTE (g B) MLESEY, fg 12 fh DX BB L BB S DD TIT LA T, 1HIZYT
RAIMHEIRT 22 BB STH S (Appendix 2 BR).

FFFEE LTES I(n) OHS%d &, Wil (WHTH &) oROsSE OEEMMED 1/2
NIZHBEDEHY Y T 5. BRAITREZ O, WEOELL2/ 2 —4—TLo~5, TNTH
Db ohsORNTNETHEANYD, S Ak OEELETEL0. Strave THRIDHEAH LA
ﬁﬁwmﬁibc—hébowagmoum1@%ﬁ@ﬁwﬁ@u2Mn@ﬁﬁ@ﬁﬂﬁﬁ&@tc&?
520, FlHBBOFIRAOEDEIDEL EDANE DG, SEMWNSIUNETLRIBRINKS.

K EREOEA, BAOFRICEIICHT & DEHOESD 12 OESOTEAMULTEY, T
BB DEAIL, T 12 DEXDTELLTED, ChICER! 4/ — IhOBIPROBC EEFEL
UT IV, 22 T2, —EEIBRROEAICHVTHT AT LET B, Licd->T aj=lhjcot L35,

W, nBERAICERELRET S E, ha HioH ORBMEE x OAFHIORRAE T,

Z‘»—l

N 5
> jg B TAT B 11 (100 evererreereeemrererinsseist e st (3.33)

Ko1gm byl

riib, tang=2 T, [RERIIHO,

20,000 & ¥, 0i5%;
e e

Tk=1 A hj ............................................................... (3 34)
'Cfi;:)c
te &z, ha HHOBEFRERDIVES, xy=h; LEL,
nl k§1 jzl P R L L L LR RO SRR R LLILLCLELRE (3.33)

CNMOEMTH YV b LIokDREIC, 20,000/ ZhiditlElne Ebthnb . 10,000/a; %8 &
[ZIBLCTRTE, ROXHICES
Table 15 OEEIIE MIEE LA AT, MUREDOEAR EHOEWA 1/2Thid X, ik, Dk

Table 15. L 1@ & s T 2 /EER
Height factors in L 1 method

(D& E| e" |
Lme length (m) " o v “ P
10 12.5 13, 4 16.7 20 25
® %
Visual angle .
63° a0’ 2,000 1,000 1,000
h ] h
68° 13 2, 500 2,000 1, 500 1,000
h h 1] h
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RO E v 2 — ) v EETOMEEIERCHYET 200 TEEERETHNIRELDTH 5,
HHOIRTOHEERIXDOEBOTH S, #2120, LED Uk EpOLERE C L9535
BUERS by TE® ha B DAY

N’;=7X( l%‘jrm' /lp Dh ‘7/1 l‘xﬁ@i’éuu )
'

ha 375 #8KE, Iy OBFMFIRORBRARELHLTOIWVL, 24,

N
'V—Q & L Bkj
Hkalj 1/1,

.................................................................. (3.37)

ha &7 0 #o ML

ha &7z D WML

_:6{
e
iy
B3

T

-
=
<,
%'
o
KX i
=
~

(3.36) ~ (3.39) DARIZL HHEFOFMOMEPHAREOHTIL, —BBMTHE~ X T,
WREROBACEAR I Lic L 2 OEREEROT, SRTOATEZE » DRl & RigicE
T, EHOAEPUECFIHELHVREX VL, (3.40), (3.41) REMEEOHFICINE I, Z
DZEICTy 2= o eEOEAEAEARTH 2, MEENE, BOHM, BX3ILBITESSNT

‘B0, HRO—AMILENNIEA D Y PRI BENNCEZE - T B3 5TH S

ik, (3.36) © (3.37) RiICLVMEW LD, ha B ORREHFET ZBAEIER Lo fwms
HETHD ARERDINE XL, (3.36, 37) RED0DBEIIT, #Y Y MROBIGHESREL

h TOBS, KL, PRHBALT m Bz & s, LT, BRO XS IT—3TE (R
FELT Uk 23T 54, logel0elogy {(h+1:2)/(h—1/2)}=2.3025851 X log{(h+1{2)/(h—1/2)} &
Whe ZAMS T T B 1/h BT 5& Table 16 DL S5iC1280 0, TDEEMAOIUT I,

CONERRERMNT, Appendix D ¢/h KFNHLH fgRIDDLHBEEEY, L TRAFRETE, Jg
BIFEA CHBEDHIC, depend L, F—HHOATREHEIAL >THRCAEEDLSRNI LS,
M DRI AL T 5 £ O BRI OIETIZ S DD TN HETH 5 L AR S 41LE, ZOFEED
BEMIROL2IEEELIMT T c T D, ik, ANTHE, BOFAEREINT T ¥ & LITEY, K4
THETDHAZRDL L L, MBEMEHI, BATLZF Y FLEBOHFEEEL >TH, afA L
SWMEREEH GO &L, Srraxo SLOMHIETRA E B0 TH S,
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Table. 16 L 1 ik aA853t5HE

Tree number calculation table in L 1 method

P o | = PR =
2 0.51085 | 11 0, 090937 20 0.050028 29 0. 034401
3 0. 33647 12 0. 083422 21 0, 047647 30 0. 032338
4 0.22130 13 0.076961 22 0.042451 31 0.032273
5 0.20065 | 14 0, 071483 23 0, 043443 32 0.031305
6 0. 16704 i3 0, 066724 24 0.041718 33 0.030335
7 0.14713 16 0.0623035 25 0. 039990 | 34 0,029262
8 0.12513 17 0. 058835 ‘ 26 0. 038451 35 Q, 028588
2 0.1:118 18 0,055569 27 0.037103
10 0.10012 19 0. 052667 28 0.035753

ZOZEiT Srrano 7, L1k, L2k O RTCAMTE. Licdi-T, L2 bR LABLIHE
TEHERET S
3.5 L2 ke
COHER, HADORTOREZTHE, £ L1 kEMUTHS. Lich-T, L1 ETHl~2F
MEZOEFBHEINS. ANBLLLIAR, BLEIY VIR a—-FREOHTHIEREANT L THE
L, 797 rAOHERE, #EEN2, HROAMS L. FISER, ha - DEER, EEENAKOIHE
WMTE, SoKlHEMa L, EHEE, HloMENTE 2
LZTH—RARHTOETTBEATE 2. BiifrE1, 2, 2.25, 4ICELT, sine=1/100, sine
=+/2/100, sin@=1.5/100, sine=2/100 (2w AWESM) &L750, a; QM (d;1/200)cosec a(m?) &
B, KL, HELE, cm BUOREEZRY, @50RSKE, m BT 020 3, i
RENRADOESRBOF MMM -» THEA LD B®EIC (djcosec a) (200 4 — P DRI DRI EBLT
BY, ChEEKN I EBELZ3EOLEZLLL, TOXROYOERDS ¢; LE5H0TH 5,
WHNOWEDEHA, KOS O I EE ICTNIC (djcosec @) /200 m DS DMAZEITLTED
ZNOZOIREOEHEE a5 LEANTXHC LR L1 HER—-TES.

Table 17. L 2 ¥icH i) 2 EREHE

Diameter factors in L 2 method

D .
’ i &
BoEX ! 2 2.25 4 Remark
Line length T~
2, 000 2,0004/ 2 3,000 4,000 10, 000
10m d a a d PR
4, 000 4,000/ 2 6,000 8, 000 2o ooo \/ -
1sm 3d 3d 5d 3d BAF ic%
15, 7m=5wm 4,000 4,0004/ 2 6, 000 8, 000 Lb . d OB{riZcm.
wd wd wd wd
1,000 1,000/ 2 1, 500 2, 060
2om a d a 7]

E6 fEk 02 & LTHRELTVYS, Line sampling O 2 DT L2 L WHi.
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10,000/a; DEHATS L, Table 17 DEBHTH S

CORVTMPROLAT, HAOTIMOAZHE LI HOE, ROBIEE 121 LEGN T % 5 %
Ve ZOBUO 1/d ZAVEbOR L1 EMEERERE SV X5, hE C LHlE, &
RFOHEMIRDL S 1275, finligsizn 535,

MR dp WD ha Hi- 0K

T ™ o ’A/‘\}
N, =%_>< i dy 07 /d/ PABDRER (3.42)
P

ha $H7: b AR

b4
NS S0 S BES s (3.43)
=1 jo1dy
ha & 729 SRR
n
=__..__)“_‘“ Sp gy +=remroermesaremtiaiiiiiiiiiiiietietiaitaretatietitsinens R
n 41,1121”j G40
ha Hic O HHL
N
_c i s B Y e e e (3.45)
T dy
(Appendix 3 D LY v/d ZKH 3)
n v
N By
SEHE d= knl L 18;;, ..................................................................... (3.46)
K1 i d;

& X Behy

SEHRES ;{=%:~_L=l_% .................................... e (3.47)
k=1 ka1
&85
Sk, BIABZOHLICSOOTII L1 FEREUTH 2O TERT 55, (3.42), (3.43) ZFIOTAY
OHER Licnd &, 1/d Oz R o, Mok s EQIDSUE@ #216, HEN

EENINTT 2cm Bk & EB AL, 1/d & (1/2) loge10-logi,of{(d+2)/d} (Table 18 ®A), M
BEAIZEY 2cm HAITH - 7285012, (1/2) log.10+log o {(d+1)/(d—1)} (Table 18 ® B) it k bk

Table 19. WEKT A< vHkicsH 5
Experiments of three line sampling

] P T 1 it -
AT TEAN it Esti I‘Sa te fis & * Standard
Complete 5 < - 5 — |
enomera Sl w1 T ne [T | ‘
‘ton 1 Cethod | L1 method | L2 method} “opoq ! L etbod |
' !
Nha (&) 1902 * ‘ 1.832 1.753 * | 205 1
d (cm) 14.9 ® : 15.0 5.3 * ‘ 0.49
h (m) 16.0 16. 4 15.9 15.8 0. 60 0.77
G/ha(m?) 35.3 34.1 34.0 34.1 2.2 2.0
Viha(m®)  286.4 277.2 276.4 273.2 15.8 14.5
Egh/ha(ms)i 578.2 559.5 27.9




HaHEXN, LKL,

HHREECBIZ oy FLAS VYT YIOBRNIE (KK)

> r

(-

Table 18. L 2 hicH' 2 RKBETEL
Tree number calculaticn table in L 2 method

THMBO TR TOHL LA #H 2R LTHIE L TRE LTRLE.

d A) B) | d A) B)

4 0. 2027 0. 2554 44 0.0222 0.0227
6 0.1438 0. 1682 46 0.0213 0.0217
3 Q.1116 0Q.1257 48 0.0204 0.0209
10 0.0912 0. 1003 50 0.0196 0. 0200
12 0.0771 0.0835 52 0.0189 0.0192
14 0.0668 0.0736 54 0.0182 0.,0186
16 0.0589 0.0626 56 0.0175 0,018
18 0.0527 0. 0556 58 0.0170 0.0172
20 C.0477 0.0501 60 0.0164 0,0167
22 0.0435 0.0455 62 0.0159 ¢, 0161
24 0.0400 0.0417 64 0.0154 0.0157
26 0.0375 0.0385 66 0.0149 0.0152
28 0.0345 0.0357 68 0.0145 0.0147
30 0.0323 0.0334 70 0.0141 £.0143
32 0.0303 0.0313 72 0.0137 0.0:39
34 0.0286 0.0294 74 0.0133 0.0135
36 0.0271 0.0278 | 76 0.0130 0.0132
38 0.0256 0.0263 78 0.0126 0.0128
40 0.0244 0.0250 80 0.0123 0.0125
42 0.0233 0.0238

3. 6 BEFHMEEOEL L CARE EFREEE OLLE
Ey =Yy EOBIDORIERDT A v Y HE X FRIRD AFKRT, SHOBIMLEETRE 2D
T, TOEFZTIRT . MR SRpORSIT 10m C, Wi L.
Lo TN ORI R oy, —Hkell

WO T A7y T, BV TEE o—aicsEdh,

Hd . KEHUE TE GO T
PATE-AOT, HMEDOYKIIDH . WHEC BT MBI 3B FETALHEICE200TH S,
HEHEE, ANTEZETHRIE, —ELTEHLNEODBHINEL L TN S,
KO RFHRL, HilEEROEKLT, ARSI 5 K2

ZTATVHTITROoNS bOMBETIH, KITE TTFEOFERMITE

13 O B M 58 4ET,

FHEHE ML ORGSR
methods in Takahagi pine stand
error ! Confidence interval Error
. Stranp #: . . StraND i . 5
L2 & ‘>’ L1 & L2 @k L1 L2 ik
STrAND’S ! STrAND’S ! i
L2 method method L1 method| L2 method method L1 method L 2 method
138 % . —70 ' —149
570 de4 * (- 3.7%) (- 7.8%)
0.53 £ ) . + 0.1 + C.4
L.37 .46 * (+0.7%) | (+ 2.7%)
0..3 1.67 2.14 .3 + 0.4 — 0.1 - 0.2
0-35 1 (4 24%) | (= 0.6%) | (= 1.3%)
2.2 5.1 5.6 ) - L2 - - Lz
6! (- 34%) | (= 35%) | (= 34%)
16.7 3.3 | 40.2 . - 9.2 —10.0 —13.2
6.4 —32%) | (- 3.5%)| (— 4.6%)
_— —18.7
(— 38.2%)
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TINEEICEL, MREELTFEONs UL, SKEEBIHL, & MEoRBEIERLEL, W
STFPRTM LM EHER, ML, kR & Iz,

FIRTRASEEL LTE HOMT L Teh K8 HEL U 0.4954 01 (Gh kv kvt B3
0.51 £, 0.5 LD KTH3B).

Stranp T, MRUEAEET D E, 277.2md & EDHTIRPABEEMICEWVIESEE M. £ O
743 13. 8 md, R 38.3m® TH 5. KROFTHH /N TIZH BH5, Srraxo {0 Tgh O
BROEREEE B8, BEOFIEIRENIe y -1 v L REDBEL, FROT,LLEEY F—
v EIEMBROM, HEOLED Ygh AR EOIC—HFETHK, FHINESONELTET 20 EEZET S
&, T EL AL OBEIE T (Table10, 11, 13, 14 5 XU 3.8 HER).

L1¢hs L2 o520 T}, BHEIED AR, FORFFALEERTS L1 BEME 35, i
L2 D EFCR MRS B ofd RELE-T B, CORORMIT f1 FEFRE ERE, 4
AR BEAH Lics, L1 Ok S IHBLF TRIRITERD 2 2 L 2ATRET, Bk HEsd
CHWELATNEE SV, Ll RTRERUNEIAELSEEGI SO TIERMSEEALTS, 2
DOMOF—EZEHENTRENC L EER EbBTAHE. Lichi>T, L1 HEEEHIIER LAV,

uk, ZORPLbHA TERAREMICNL d 2%, OFNORTFL BMEETHB LTS
B N3, FBYROBBLEELTOROIHICELRLDOTHESEN, Eyvi—Y v L EREHEET

Table 20. KT H=vikicsd s v 4 —Y vy i L 1 OHR
Comparison of experiment of B method to that of L1 method

in Takahagi pine stand

] B g (94) - (s 2 2
fEAGNAE  Brrreruice's method LlLl T\n{eghao?) & Error &
Complete (9 pomts)
enumera- ‘1‘:? fE OBl O | e B B8 & L1k
tion qtl- o3 | Confidence | Esti- | oz | Confidence | B o L1 method
mate interval mate interval '
A'/ha(j;) 1902 1775 161 371 1832 | 208 570 — 6. 7%‘ — 3.7%
d (cm) | 14.9 14.4 0.5 1.1 15.0 [0, 49 1.4 — 3.3 + 0.7
Ji . (m)| 16.0 16.0 | 0.1 0.3 15.9 (0. 77 1 0 — 0.6
G/ha(m?) | 35.3 32.4 | 1.8 4.2 34,2 2.0 5.4 — 8.2 - 3.7
V/ha(m3) | 286. 4 2¢€2.4 15.5! 35.8 276.4 [14.5 40,2 — 8.3 - 3.5
}:g/l 578.1094 | 328,44 {30, 9 71.4 T 8.6
Yghto
i L _
STRAND'S 286. 4 261.8 |15.3 35.3 8.6
volume(}7) I |
Table 21. HHTHwvHRicsFs v v 4—Y v eikd L 1 D5
Estimates of variances of estimates of Birteruicu’s and
L 1 method in Takahagi pine stand
: TR B W m B M wt
| I'ree number Basal area ) Volume
=y 4— Y » ik ‘ 235809 9 ‘ 241, 4
__ Birrericw’s method 25809.9 3.4 | "
L1 i 209. 35
L1 method | 42132.¢ 3.79 |
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B, 33, L, L2 b Migls, VR EARHEINcz A E—H LT 30REF 3K
Mgk, TOTEAIEMDOBNCENER LTI DEELNICLBETOEEDTHS. THIT
BTOIRE -y s —Y yeihd5§is ot L1 0 RE LR LTH LD (Table 20).

O, REMRDEIIE Loy, BERINTH S0, WMERZDLDIEALIRENY, ©
w &=V oy CEETHERGERL, OHOMEARKIITIAT, LL HETEMTMEARLEy 2 —Y vk
D2fFELE 51, FREOHEE Table2l DL BHTH B
A, BNAMASEBRLELHT 20825 EHRIIGHON R EBRAABOBOIREEZ T
HABA, TOEIUNEZTHHOEHETHE, Couit—) vl L1 XD FEE-THAILEZOK

KOWTRMSHTH S, L L ORIHROL S WS EKATD 205, —KIC 2 OHOREH
AL ENEITER, £ —RIHTOEDEMIEROEDFB IO NTHL0T, i
R OEMSH 5,

ZLT, HKHORGBZEKMO ZAF 58 FAMMZOWTHELTRED . Bk, CCTHEy 22— v
EETHEREER /4, 4, 9% M, ROHEHEOLHILO LD LINEE L 72D T, —FELTREE
B THL (BB, WHBEROE(LEELOBMFOARIZHFIA SN 3). Table2210 k3 & Kif=
FHROFFITEF 2y #— ) vy eike L1 SEBRLTRES . WiesY 3854 L Ak, Ao Y
PRERERCKANTAEZEZAT, MHFE b 208, 20 SORUYA ZOEAEED, WEERIDFE
ERY X FHEOHHE LTEIWKT Ao Lz Lic, 22T, E¥MROBEBRITEL, HERD/N

Table 22. KA FHICRIT A Y 2= vy eiEE L 1 EOFEREES

Experiments of Birreriicn’s and L 1 method in Amagi Cryptomeria stand

FAHARL € oy 4 — 0 v e ik L1 &
Complete | Birrsruica's method Ll method i
enumera- ; B A it
tion 54 ¢ ° EW N-S
| . R i R
. . - 464.59 486,70 433. 82 450.08 432,04
Nfha & 98 (+1aa%) | (+6.21%) | (=5.28%) | (—1.73%) | (=5.67%)
: 56. 475 58, 400 53. 100 56.787 52,702
. .
Gfba — m S9.1L | (—4.83%) | (—1.58%) | (—10.52%)] (—3.92%) | (—11.65%
; 3 550.086 558. 680 507, 287 549.515 503. 150
Viba — m 963.916 1 (_2.45%) | (~0.93%) | (—10.042%)| (—3.26%) | (—10.77%)
; re 10 57.96 36.93 37.70 | 38.42 37.72
d cm | 9191 (_3.35%) | (—5.97%) | (—4.02%) | (—1.9¢%) | (—3.75%)
i m 20,84 20. 39 19.87 20.09 20,66 | 20.02
| T | (2 | (—a.67%) | (—3.60%) | (—0.86%) | (—3.93%)
b= = 166.67¢1 222,8728 240.7853 | 181.7901 230.0677
Standard G 11.1883 13.0040 ,  21.6357 13.5907 19.5177
deviation vy 130, 2855 156. 6370 l 229.0194 | 180.283% 209. 2980
N 37. 2699 49,8359 53.8412 | 39,98 51.88
s o o | O 2.5018 2.9078 4.8379 3.4762 4.3325
ANy I 29,1327 35,0251 51,2103 | 39.84 46.76
Standard error d 2.0437 2.7563 2. 8705 2. 3841 2.5631
LA 1.1128%4 1.5016 1.6347 1.62737 | 0. 898
o N 78.0065 104, 3073 112.6906 | 83.61 108, 59
{E90F (35%) G 5.2363 6.0860 10.1258 7.276 9.0679
Confidence ' ¥ 60.9753 73.3081 107.1840 | 83.26 97.87
interval | d 4.2776 4. 3806 &. 0080 1.98999 5. 3645
l h 2.3629 | 3.1428 3.4214 3. 4061 1.8769
: !
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EVIEMRSHOREE (BREY £ —Y v L {EDE),
N TiE, B9/4), L1 ¥, B4, L1 gk, BY
G T, BO/4), B4, L1 K@, L1 dk B9
V T3, BO/4), B4, L1 Ep, L1 %, B9
1 Ti&, BO/4), L1 ¥ipg, L1 f§dk, B4, BY
k T, L1k, B(9/4), B4, L1 #pE, BY
AEDEPOHDE, vy F—U » LTI HAMERBSRENE MibARE, L1#%kTE 4
DHPINTH & BRI . HEMBE D - -ORKFEFITI - BB 722 EIC LB HDT
BHIe CvF—) v EHEDILRTRTEIIEAY ¥ FARSEWARID %, 2HEABEL
D5%T1, BRAMPPLIOT, SEMNEOORYRDC ETH S,
RICHEDE» SWMHLTH LS, 7, Y v FAKE,
Ewf—Y v 9/4-511 K (HABI RS
4292 &
9—>118 K
L1 FHPE—186 A&
Blt—-173 &
THote LichaT, WIHLAMCEZTHREHFT 2L, Table23DEBDTH D
Table23 BIUMERLD, NGV TR L1 &My 4—V v eiEXD—cT ATV B L3
LENB. dTE B D BAF 9, L1kDuiihg:, @it A TIEig B, FHIEHROIEL QT
5, TOZLEHOFYER, TEEHOMEIRPEIVZLOARELELST, TLAESSV LR
HEHEMORE VDO BRI EBMEINS, 22 Td, FOHWEID HLAMELTRER
NGV OLIUAKDIEE THELLAERTEBDLNLOT, NGV THRADOIEL T HFERERE

o

Table 23. v #—Y v il L 1 OHFOKE <01

Comparison of efficiency of Birreriica’s method to L 1 method Exp. 1

Ew =1tk L1 i
Birtrriien’s method L 1 method
4= = mo| M A
9/4=2.25 | 4 9 E-W N-S
N ) 709,802.8 725,215.1 342,067.5 297.341.5 465, 679.2
G 3,198.3 2,46€8.9 2,761.8 2,247.7 . 3,247.3
14 433, 693. 6 358, 212.3 309, 454, 2 295,260, 1 378,263.8
d 2,134,383 2,218.4 972.3 1,057.8 1,136.5
h 551,83 658. 4 315.3 492, ¢ 139.1
Table 24. v v 4—Y v eikéL 1 OYPFOREE ZD2
Comparison of efficiency of Birteruicr’s method to L 1 method Exp. 2
Ewg—1) yedk L1
BirrerLicn’s method L 1 method
i i 35 -
9/4 4 9 H Ew 2 i N-S J
J 0.42 0.41 0.87 1.0 0.63
G 0.70 0.91 0.81 1.0 Q.69
v 1 0.68 0.82 0.95 1.0 0.78
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BT UTHIEA LT A&, Table2d D X515,
Table 24 D#ERP LR &, ZHERI, ‘
N iz, L1 3ifEss, B9, L1 mdki B(9/4), B4
G Ti3, L1 J@Es, B4, B9, B(9/4), L1 s
S e, L1 #PEEL, BY, B4, L1 ik B/
Ligy, LIFERISOEL R BY, B4 L0 IRUCHBE EBHNE, L L UNROBR I -1
i3, BRD X ZORSOERFME L1 HFERA—H L b0MN Eh -1 L 2&3bDEMbNR 2.

EHROH, RIRofE2REEFEINE, vv2— vl L1 FOEboMT 350 R—HicRguE
TEID, B, MBLCK VAT RETHILEBDNEH, LKERETOIETS L1 LM
ORRMNTE AT L CEMMSHS .

Wk, o0 2FTRERRBEHRIIIARIEBELTORLOT, ZEEMTIZEALELTENED
STWBZEITEEINA, T4, ROERATREETRECERE 94— ) v DAY Y FAKD
EHBTENTLET, BAF=9/4 TEHARLD b 10% LEFb%{, BAF=4 TAKAAD 64% 1T H
U, POEABEEEICLTHS, LB-T, By 2—Y v e ER/NGRRMNCE, BZOHRE
AEETEL, LI ERTEEROSWRGARAE LML UATE L X

3.7 MAREEBVCTHEBHET 2580y 2 » LKL STRAND HEDHH

Yy 2=y bETIKAIRB I B0 Y P AROEGL D, Strave TS, TROZFEESLICLT
Tgh AHETE A ERBBDE LD TH D

Table 256 DFEHSFD Xgh I3 2 BRI ERG 0.4954, Kifid 0.4289 THZDT, ZAL%EH
NT ey 2—1Y » ik, Strano HEIC K ZHMBOHEELRTTES & Table26 DELDTH A,

Table 25. Sgh © i & @ #
Estimates of 3 gh

¥ v v # 578.2md R B A F K 1,314.7md
[‘ akahagi pine stand Amagi (,ryptomerza stand
3 & 2 HE » 2 8 8 = v
B w BB W] el e gl g o
Estimate S-E. Coilr]lftg‘igﬁe R’Error Estimate S.E. Cﬁ:;gi?ic “Error
| —28.6
Eug—1y v 9/4 1286.1 | 71.94 150.56 | 5" 9y
ik . . —49.8 - s ae | — 3.5
BITTERLICH'S 4 528.4 30,9 71.4 (—8.6 %) 1309.2 | 83.54 174,84 (- 0%)
method —125.8
B 9 1188.9 120, 29 251,75 (_ 9.6%)
STRAND 3 High - —18.7 N L | —44.2
Sreanpe | Eow | 559-5| 27.9 77.4 | 2 3 | 1270.1 | 95.48 199.84 | 7 5es)
method ®dk —138.5
10m N-§ 1176.2 1110, 44 231.14 (—10.5 %)

€y &=y ik Srrave GOV TN HHEMITH S 2 FEHIKAOWMAE  10% & 408, HEAW
FMEDEIKREI0B UFT, v s—1) » e® BAF4, HX159/4 & Strano (LORMELEMNED
WTNTH B, LL, GOy 22— v e®d BAF4 BEL. Tgh XY OMEEEZTE Y4,
WK TIE Strave MK, RETRE Y #—U v e EB LD,

Strane HE®D S.E. 2R TI 2/h, KT KREL S LORFED HIEE TR ZRNE L & L
L, Ev 22—y eERBEEOMEL LiTl, ULrdEHTRIEFARKTOTHBENDE L, R¥ETE
E S8 FHOEBKR IO THROEYMNEHOHTATHILE1ZL3. LarblMoioi, Koy
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Table 26. Lghh & D # T #f =& O #
Estimates of volume from }gh

T B A W Zeaml | R B M A B B s6a.em’
Takahagi, Complete enumeration ' Amagi, Complete enumeration
e it s | BB wmaitlgp| &M W s
Estimate > B Confidence ¥g, o ™ | potimate [ B+ Confidence | %gpop
‘ 12,3
bon—y v | 4 551.7 |30.9 6.6 |5 2%)
e - —24.7 . — 2.3
B enen’s | 4 261.8 |15.3 3.5 | (%glags| 5616 [35.8 75.0 |Z ¢ 4%)
method —33.9
9 510.0 75.0 108.0 (— 9.6%)
StraND: i 2 o — 9.2 | | —15.7
A B 277.2 |13.8 8.8 | (Z 55 5820410 85.¢ | Z 5 g5
method it —59,¢
o S 50¢.5 47,4 9.2 09

i #F ERRAEHMICET S b0,
AUBOEHIMOOENI VL ATHEH0TH 5.

Stranp 1€ DIIC102), 103) KT, HRPFEE L LT Nyvssonvey OBHEEHNL 2 L2 2EL
TWBH, CORZ, GAi=ASg THT BBEET Seh BT 2 HDOTREN, ok, Xgh
—Gh=S(g—D—h) %L d, HT2ZGLhBIEOHBEESLD>DT Ygh>CGh THY, —#ic
0 TRAL, LAt THIET 2M0EME Seh g 2501 Gh Ko/helid. i, &
T3 0.4954C 2L 0.5071, KIRTI20.4280 it L 0.4577 £ 5 TH Y, MK TIEAR DO, Tk
TRPRVOELEE ST D, RACKIICBNT Gh 25 5D 0.4577 Z O THE T 5 &
EDIHIERBHENTAHALD

Table 27. Gh (T & % # B} it 72 (KERFH)
Volume estimates from G (Amagi Cryplomeria stand)

# E @ g g | 5. B fm | & %
Estimate - = |Confidence mterval Error

- -] 9/4 591.6 331 69.3 | + 27.7 (+ 4.9%)
Yy Z =] 3 %
Bl‘r“ralmfcu's} n’;eli}‘\%d 4 602.2 38,4 80.4 + 3.3 (+ 6.8%)
9 546.9 55.3 115.8 | — 17.0 (= 3.0%)
Straxp 7k }:}‘E.g% 585.0 43,7 91.5 + 21.1 (+ 3.7%)

. D 7k E- ‘
Straxe’s method 'I:‘f_:ns:, 538.3 | 50.5 105.8 LT 25.6 (— 4.5%)

(FAHMM Complete enumeration 563. 9m3)

LD Table 27 £ 1 Gh (Zd 2HBEE—HITARGIHEBESZ 5 chMPIL LS. Licdia
T, HAEECZ Segh T2 b2V 30V ELTH 570, HEOWERITERM 51073 5 WHiRR
ERAALTHIPAI. UL, NBEROESELRELNRLOT, feid, KD 0.4954 1TH
L, WK TIE0.4944 Ehdic/hE {, FLRETIL0.42891T L, IR TIZ0.4755 L K& (,
—ZOBFMBENDOTHEREHES . LivL, Tgh>Gh #:04T, —#ICUHMEORNMNKRENEIZE

bhd. iEEhd, LEROTH< YKL, 2CEMFANLDOKEENTH 210 THS. WIThIZLTY
BATEIC X 2 HLRURTRS 2, ALEESS Y, BOARARERITLNDRINIL SN,
E, By 2 —Y v EETRIEHANAARESS 205, £y 4 — 1) » eI KBBAR A RICKDH
BARDIHLETHA S, ok, NHOHE kTl gh HoROIMEiE ey 2—Y v ik
T /hREY, L1 T fg £ oRDIDDOLHAOHSBEEM S & &3 EA EHEEMICESL
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C &L R (Table20, 22, 26 B,
3.8 INEREZFIBL THIBHET 2158

MEHHED Hike LTIREOEE LR ERN T2 HE085 5.0

F2 U, BT AL bOR, HEORAEF L, LREHRAEOS BRTHS. TG, hxid
HEHLSELHETH S,

EHEONMHTHE 35T, o d—1 » LiliTi2 G=32.4m2 A=16.0 /o BT H =7 QLU
FEo, 2HENS T ENDD D, A ETERRIZONTOLDTH 25, —FUCIRAKRDOYL L
LRODT, RESETHEZRMNLTS 5, IR

= 241.9x32:4X16.0

=9266. 392 i B — 1w B DT — 2 A
X IE 29632 (v 4~ v EHOT — 2N b D)

(£ s—1 5 eiETiE 2624 md)
L1 iho¥fEERAIdT 5 &,

V=zuax%%§gﬁ=%&m(L1m®?~a%mwt§o)
(L1 #:Tld 276.4m%)
A 286.6 M3 XD TN 30 1mS, 17,9 md OBADEEELN. HREELC o 2 — 1 »
EfETIZ L1 RO REHADHIT,

ZOXINHRELcbDEUDNE. b L, d
i Hn5 &,

LG, R R

> 35.3X16.0_ -
V =24 Dl o =979,2
_11.9X32. X151 279,26

Ly, AP L Imd FSRATMIO/NTH B, 20Ty 52— w il L1 EDOENID SAEAR
WMEMTVEZTRL, LA CERADEEHV R LI SRIVHEDIMECNLETHS S

AL ZEERBOAFLDOTHiLHEE, By s~ v ik (NTRUERL) TR KEAF 185
OIFEFR D > (FRERIL 58 FAIAIHIEDOFEE I 60 FDHE L 7)),

o _ 58.4%19.9_
! 631‘5x62.1><21.4

552.3 m3
(£ 5—Y 5 LHETIZ 5587 md)
L1k (EpE) T,
b a2 55.7X20.7
V=631 50X et 4

(L1 #7Ti 538.3m%)

=547.9 m3

BARAEMTR,

',:r: = 59«1)(20-8: 3
¥ 631'°x_62.1x21.4 584.1m

MR OFARIMEEL 563.9m® 255, BEEZIEN, —1L6m3, —16md, +20,2md,

Vwihy
SZUTOBRBETEHEH, Ty i~V o kTR LOMERIDMS, L1 T

Tidd LOHEEMK Y
EE-TVS, lFEHEEERETRIE, DFICLTH 7 0y F VRTELHERAFIRT 2 HEERA
MOEEBEONZZEHPLES .
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Wa¥ Joy bLAYUTYYHICHIT BEME

4.1.1 HEDHRICLBRY

RN RHMT S v F LT EERBAKE &, M#Aﬂﬁv/b*n,f@A@ﬁb?éﬁkﬂ(?w—
Essep (£ &y 2 — 1) » BILD K5 EAMNEDEA) PIALHE (Strane i, L1k, L2 0 XH i
Bl 0BRE) BHRMMCESNTHAMELTL 3. 20X s SEHEEE, bofEaITikil
BBHRRICH EREF—L LT, PITHERDD EBMEGEERN D, ZORBIBLT ey 2 —
Y w eIETHAAEZTRTHOHEEEL, CORCEEBELTH YT VI T3 HEE2RBE LK
T DFEG RO ADWH BT > T D, BIZE->TORY, KRKELTHW Y Ta8AR LR
FAATEE LD, Lichi- T, ZoHEIOmEL 25, Z20EdICd, NATRIR «- HE0YN
Hp, R OFEPREMBEN, 72 Y HARMETH Grosensavent, Barretd’, Beers® DJ7i:ihiid
FBIhTHs, UL, BHOERZEOZ B I NhoDHEETTShT, TR A Y v FARDIK[GH
HIBAZ IR 5k D, MBHOBIREQICHEBBE, RONMCT o LTV 7)) Y 7% THR-TH
foo TOFE 1955 4 Husu OIRE LAcdipheds® Li3ZE U TH A% Higoi { o aidh s hise
7o, —BICREDELEL, EIHBEMNORIBENREIEERTOREBOIBAKEV, —fHICHkiET
12, BRARMHEIL, HMAXYHMEIDREROC EMBDT, Husn OFERINEIBAXNLEB{BOZETLZ
LBEBOEAS . BURBK, EHBEHRRTITLAATRIRTHAAMREESR LD LTHD, X
HIL19594F, Z DMEITES ) &, RIFTWREOEELETEORITE2DA) BEET LTI,
20k, 1963FE—RIURORAEEBICIND O I STHOHEESEEL, LTLRH L. &l
BIC1959iEZ B L, BT LA HERE DO TS —HEH, SHNT 2 2 M T,

—BHBRP S, FRIZEVT Sz—fxw. 000 2k, ZDIIEFHFEINE, ha i HOZHOHN
MORFEEGKE 5 Li~dcds, TOBE, WAT g E0 D HBARICEABE LT 201 E S hih
PoTOhE LN &, T4hL, OB ES THIOMERABEIICHEL TS 2L, BHY
2 oa; DEMASEEL TN B EBEHTH -7 BT HIZHAOH, 2V ¥ KD o; DEESDRD,
b A @) DERAICS 20 &3 hHHhNIELL, ¢ OWEH, BRILDOL S LEDTH - TR Yl
SEMEASRD DI TR R0, 722220, ikt a; i3, BNETE R b SEE T Lo & & 3lnEfck
AEEhiEL, HREENEThEHBIZEf X 2hiE L obdTH 52 LRBYATH 5. RIZEFO
BRI 2 HEEENRS,

T) LA EARLEOEEIRIEG VIR L DEREL DWW EEATI YL, ROEETATY
Lisv, SR Z OoAROMS EOEEIEN (4 m) KXY, KOMKMOREEE l;, oy = ol [THENIC
EET A2 8L T, ik A OHMZEBNT, aifd=nlff4d LVSEdE, [ RICSEZ3C 58
B, A, WENTERTER 4, AOBRE ¢ LT4LE, FMRMDOERIZ 100/44d; 1255

10,000 3 %*% 10,000
- =
(Pa) =)
1Y, Ao v b LickKicdE,AINE, TDEE ha A HMEMAHOHEMES S,
WE, 3KOKEAY Y FLIES, 3ADIAESKARRSNE, HEH'T 3xX4=12m%*ha 27413

( )x10 000=-£2
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A, 2AROAIITRTOIKAMBKNICE - T, D 1 KDOKRDILAMSUZHRBOA Z—FL 32T
&, REBMFOBRGHEME ; b, I; AERETHIAFIEEZLT {2X4+ (g;X10,000)/ 77;% m?
EHEL, HEEEZKRDIOTHS.

HEEUAOKRFERFICOOTIE, Bl (3/a)10,000 ZEHFETNIT LD, 5, —IIREBEER
13 gsla;x10,000 (7o12L, D ay & w(dy/2)?cosecta THIMCIRMMREVR LA LEEZZOH L
DIAM) ThHairo, MEMEHERNNUTHEAMLIZ Lo E X3 (REAERB Z Kk ® 2100
fh BZERNEXHILES),

< (f1h) 85%10,000_

%9 %10,000=
aj [IJ

(X f3h) ¥ G RE B
Eps, IHAMORSMTRIZONTH,

L I _fhiay gy _ TR
iy < 10,000= 22t 210,000= £y L W BB

EILBDT, alnlf ZHEL, Zhx weight LEZ T fiiy iShITHENT, {LOAXD i LUz,
BHRICHENEREL I Th L., COFEOERE, BEETHE LT, »oRBLOREERLH
BOHIEHG, ETLPTODMNERTH B, 1120, KICHERD 4) OHECILFEHLEIDDK X
{IBBRENDB. Licds-T, KNROWMAOHEAREICE O HEgBELELE L, S TRxD
1) DHFEELBE XD,

ZDFik%E, BLBRORKIBERD 146 iIc/MED 1 ha OFRHOALEIT, 1045% & HYEffLTRAE
25, HAHEOHIWIHF 59.3m® IZxf L, HEFEMIT 61.4m?  PIHERLE 7.25m? 95% {EHKET
(Z11816.4m? 7870, KBEEEELE LAV 49.4m? T, REEOME —16.7% 650K
L, BELZbDE +3.5% LE b TRPEMARL,

4) Dp kR, Ay v bR L, BMMERICE U ARMEME, LLEAEHENERK 1O
AREREO0ME, 4 ORFI32BHEDMN S, BHBTHER &AL OIRRE» S ALK DEEE ¥
w Yy FEDPT 72— 2 —WTHINL, a5 2RDIFETH S, cEAld, FoBER4IOE 2
#Y Y P ENFAROIEKFOEROMRPNUCH 208, 2D 1/2 THNENHMEREZ 2 T3, €
DEER, T) BOBEEKE ¢ BT 50, b EOIEKHOKRADHETINTES %, BIRMNEHT
wirhE, KEBROESELAFH IO TENMIIL LTS T75bhb, Fig. 330 L3 AMCHL, ¥
RMERTICHED - T, HRomiEa,

TR+ IVRE—F — R cos'l.].[_ ............ .1

v
L35 (I RROPLEDERETORML I 2),
wh, —RRICiR, ERAOSRE 2 SREMERITHY 554 Fig. 34
DEIXIODFEMNEZLSND. a DL IT 2 WRBMSIAKLA T
bV EAR, MROERI,

TR+ LNV RE—[ 3+ R3— 12 Fig. 33 kM & BROE
HzD1
—R2 (COS‘I —Il‘—I-COS‘l _lz) ............... (4.2) Enlarged circle and
R R ’

stand boundary. 1.
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Cc
Fig. 34 JKMEMAEORE <02 Fig. 35 fiikM L HERLD
Enlarged circle and stand boundaries. 2. BE <03

Enlarged circle and
boundary. 3.

LB ERFHEDO K, S LR HIAT AT EHA D,
RObOXHICHAT2HRAIZEDYD, LbbTOROMDOMEHN 7 X D/NSE &R, b 2KKD
BRBORXSATTOEE, 4 L ZWRFRICT LB oL,

{R“’(Z’t cos 12— cos'I%— cos” 1—5-— cos” IZ)

L
2 I

+OAREZE L I/ RE— I3+ (W IE— 1+ v 2= [22)} ......... (4.3

&b,
T ORI L LTRSS n/2 DR, REZADIBMEN 6 LERL, U3 T

/ by = — f——
cos™? 71‘"}‘ cos™! “jﬁ=‘§‘. WV TE— 2= hls=bViP— 12

»o
"43"”? ? _’I’:‘; (cos™t %*C"S'l Tle) - %(’NRQ— T+ VR 152) +hla
.................. (4.4)
&85,
COLITTERBOLTHMADMIH LT = X0 bkEVELR,
s _ R os1h o 11_ aby, 1 58
xR 5 ((.os R—I—cos R cos™ cos lo)+ 2 (11\/ R
+ A/ TR 3 )_~([1 VIE— g+ bVIZ= 12 ) ........................ (4.5)

L1550 32w DENE (4.5) ORI LS.
HE, COFREI664ENR S, FTBAEOEHES, bk, AK, Bees @3 HiieiiHLibD L
LT, PAHOOWAE SB, #akiciz s Licias SA L4 niE, SB/(SB—SA) % weight &4
ZHEERRELTH DA, CHREESRNTRRE LAV TERRIZHDURELE U126 L, 28EH0
FEE—RT 3. THHE, KOKRNIZH ZILAAOEREMDS LOIAMD 1/2 ® & & ik EEE 2
HCTBLENIT LR 2X 4= SB/(SB-S4) X MEHEREE®RT 5250 TH 2%, HHKOR,
LIcAi- T2 fEO LD L —HT 5, RAREIEED BEHICKATRDO LT ESY., COBS
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Table 28. ##R#hHIC & B H DEF. CRIKA FH)
Correction of bias due to edge effect (Amagi Cryptomeria s*and)
S 1 P | EL D %
R ) Coandence interval l Error
HAMEIZ X 2T HEB .
Complete enumeration of 59, 3m? I
bas;zl {%rea " |
T7) & W Kk B & ,, ; ] L 3,507
Correction by a) method 6l.4 7.25m? 16. 4m* 2.1m? (+ 3.3%)
/f) ‘t’#‘ i “t 6 #f ':‘“E 14 4 7 i 5 @ —_ 2
Correction by b) method 54.1 4,02 2.1 5.2 (= 8.87)
{‘;{ 7 ” ’” ’ — ”
No correction 49.4 ‘ 4,13 : 9.3 — 9.9+ (—16.77)

£/ (SB—SA) ZHEEICHET I, 1) {2 FbC

xX10,000 _ xXSBX g X10.000_ x+SB _, WilikiEs (=BAF)
SB—SA ~ (SB—SA)yxXgXSB (SB—=354) g

&35, xHMEE T UL, {fgh/(SB— SA)} X (BAF/g) = {fieBAF!(SB— SA)} L1 5 5

10,000/ (SB—SA) iz kY, HUHENIABINCELEE NS, Th v 2EEEIE T4, 2/(SB-S4)

%10, 000={SB/(SB—SA)} + (g+10,000/SB) = {SB/(SB—SA)} X BAF=% 1 4  XBAF 113
12T, FEOHECHEDOFERECH—THoZ EMHWHALELD .,

7)Y RTHERAPEZSITA) ETHRLTE L) S L Table 28 DLk 511D, METOHEL
DRAMIZRIFIEED 5, ﬁﬁﬁﬁmwﬂm§ou7>#@th BIELAMY 1) X 9/hE0D
TEEIRRALTE S, L LZOTGEEETREMNLPT <, F4 Appendix 32 & D WimEEHik
ABITCKDoNBERBD S,

A) hAERUVET LD O X ST, 1959, NIREHBENHAROBELDORAF, v/
REKTH -7 ZOEFHEBNL 12.4ha T, THHAHO B BINNZIOTF 2100, HEHEr
BOTHERARSEET I b, 1220, BTREROSMATEL, HERNEEIZ X ORHEH
ZEB L. Lo T, ERUHBRTEZOTHROLERTEHENT &z Uk, BAHOTH®
FOMBEAER~D &, AHLROENHD EHROFMNT, #Ek 300~ 380m TAUAIIREE LTHHizH
L, #RRET, #H Y 7 A%k, EERPE DEELT, BELRTH 5. HiRIZHHRBEC
B UIZAE, b/ FCH HERHIBIBE) T 7 0=y ABRRICBALTH . Z0HEHED
BME, SERMORE Yy 4 — ) veikE T ay 14 VT ) Y SDWESININTS - 2208, FilcH
HORbEE vy YT v End ) vrDRER RO s, TARILITA v T ey FEERY, Fo
v MIEE10m & 20m OFPEF By FEL, Ty FONLTE Yy Z—Y v LikiCKBH T ¥ P 2T
o7z, MBEREZ, 4 v 7oy PEBIRRWNEEDT8, 54 VvES v Fa, ey RNz E
7obD8L, T4V, Fuy bEBIIVLALDOHD8, 5T oy FTIR 20m BTy tOBD
274V, 7oy P ESICREINTEF Lo O0BWPE L. BB 74V, 7oy bEDTREHNY
B4 VORBFRY I FIIRE L » o, JFROMER & U2z Sk BN O % 50 X 2 Fhar B m
HsEZS, Calipless Bit LI, Spiegel Relaskope, S a / A —2—, A4V IV b A —2—TH 7.

PZUEOBEIER GEREBER LA KNG 24 & LTHNEREEESTS 1) itk
e

HERIZSBLEMMPIEDHY, TABIAREDDTEME /it bbb od, KAHOEO S, g



— 94 — HERBR I T4

#25

Table 29. RIUFEAKICET 2 KM X s RYECHT

Estimates of tree numbers by several survey methods in Otawara national forest

¥ Al
Species
§ ; "
, ] s W2 | 3B B OHE. P )
mikskomag | f § | =B " |NEE 2 i ;
Survey method 2 s =3 S luxs = |~ Remark
S| ~N§ | 88 2 +85 | =5 =
] s = B RS o o |ag
IS s | &2 =& sV S LZ
x> | uS | w8 = xB5E
‘ i OBS | l
J ok W B | 3650 700.32)  a.53] 59.26|1175.87 1216, 66
omplete enumeration | | .
[ | Line-
o IR ( o.an( s.e2l-ssea( .92 3.38)( .20 -5 | plot
£72.09| 741.09| 1.63| 40.80|1213.18]1255.6! & biz
plot | Svs
o [P BB 7ok aasl—seraf-sneol- 0.6~ 279 |, B BIE
2, 435.90| 730.08| ©.56| 16.14|1165.98]1182.68 Mg
n method ' No correction
) SRR S (— 0.58)(— 2.7 F R
> — 7.7 , = o8- 2.7ty |, &
» o 436,94 " i 167,02 1183.72] ” Bias—d
correcte
20m[[E ;
1 0. 44)(— 8.16) ( 64.24)(— 4.69)(— 2.74) )
20m stgfular 475.63| 643.16 64.48|1118,79) 1183.72] 30 | 7
= A ] 1
/ —12.64)(— 7.65)( 158.39)( 102.34)(— 9.66)(— 5.66) .,
lonnﬁﬂ;fula’ 413.71| 646.77|  9.12| 79.44,1060, 48 |1149.04 | 3%
=] (=T 3
S BE WER L 62— 10.76) 126.26] 37.72]- 12.96]-10.89] , pens
) e 396.80 | 624.97| 8.34| 54,07|1021.77|1084.18 No comrectg
) [ HE & E
- . - . . "’ 4 - Y. 1>
. (—12.64)(— 9.90)( 13739} ~ )( 11..97)(— 9.93] B T
402.33| 631.02| 8.38| ~ |1033.40|1095.85 Bias-
‘ corrected
om H B l—12.62)(~ 6.38)( 362.82) 108.48)(— 8.89)(~ 4.19)] ,
plot 413.88| 655.66| 14.29| 81.85|1069,54]1165.68
] g —=—— O
S| Bk UREED L 15 agi— 1es) 16,71~ 3.0~ 6.48)— 6.33] pREE
) ey 410.42| 667.39|  4.12| 37.77|1097.811139.68 | |No corzection
G K& HE
~ . (—12.75)(— 156}~ N« N— 6.07)(— 5.93) , g T
413.16| 689.42 ” 4 1102.58| i144.47 Blas«ed
correct
10m [RES IR _ _
10m circular plot (— 8.52)(— 2.74) (— 5.06)( 2.18%
BH: (BN Ey | _ _ _ _ « FRER R AT
BirTERLICH S method( 12.49)(— 2.79) (— 6.70)(~— 6.67) J No correction
] | RERIEL
(—11.04)(— 2. 40) (— 6.21)‘I(— 6.19) Bnas-d
correcte

SROFBEIBENITIZEHHT/NE L, Table29, 30ic7RY & 512 ha i K, Kk s & I
fE L EELEMDOEL/NE L, LA sampling error QMK ELRDODNTETH 3.
KIC, EORBOWRBMT205ME LD THEH, HAOEFIOHEZHS OB HITEIC

0 AR L, &K, Brmbt AsofsE@c-o, WELE,

l/r lt%‘i&itj' L (Tﬂble 31 iem)o

TYHICKXBEE, 1) EBIZLBEECH
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Table 30. RINFEAHKCE T 3 EMMERIC &L 3 ITEREERE
Estimates of basal areas by several survey methods in Otawara

national forest

N . . .9
b + & E RECEN
.2 L) xS
£ 5 g NER
: 5 =z Bolusd| = |wm %
Hhis s & EE: N g 2 " £t - 4
Survey method 3 3 & 'S +3 K] %5 Remark
= s Sy R 4 3O :
> S £ = S5
| X A \\-’O 4 K'SE
ok W E !
Complete enu- 17.3755 | 21.4647 0.1917 l 0.0994 | 38.8402 | 30.1313
meration i
1om F F I 15.15) |C 12.14) |(—22.69) 1( 72.23) |( 13.49) I( 13.46)
1omcircular plot,  20.0081| 24.0702  C.1482  0.1712 44.0783 ¢4.3977
o I [ R, (-78.30) | 2.19) | ven) [C 100 g g5
1
Ul) method 17.6152] 21,8716 C.0512] 0.1284 . 4868 . 6664 No correction
(%]
& " 17.6698] 21.8718  0.0512  0.1284 89.7210 5% L
20m [ 9Bl 16,04y ¢ 0.01) | C 91.38) [ 4.50) |¢ 4.2D)
20m ;ﬁﬁ‘ﬂar 19.1194) 21,4674, 0.1900  40.5868| 40,7765
tom P2 |0 s |- s.03) ¢ 212.36) | 163.48) [(— 1.07) | 0.39)
” M ot o017 18.0377] 20.3858  0.5988  0.2619] 38,235 39.2842
e —
P B el (= 6.00) [(— 9.37) [ 172.35) [ 159.40) I~ 7.86) |( 6.60) | M 4= =
= 16,3332 19.452¢|  0.5242  0.2380  35.7856| 36.5476| No correction
& method
” 16.4235| 19.6461| 0.5286  0.2381 36.8363 Bi;@s correned
}gm WC %‘9 ( 6.09) (= 8.71) [ 1938.01) |( 121.33) |(— 2.09) {(—0.82)
o ““pfé{ wiar 1t 18,4333 19.5951]  0.5617]  0.2200] 38.0284| 38.8101
‘3? %Tﬁmcﬂ?f (- 0.52) |[(— 5.05) |( 73.82) |(—52.11) |(— 3.02) |[(-2.77)| #& &
2 ! 17.2856¢| 20.3808  0.3332]  0.0476] 37.6664 38.0472| No correction
é method
& iE
" 17.4861) 20.4842  0.3333]  0.0476 38. 3513|Bias-correcte d

Zoflicdhid, BEEOEARELL =4 FRDHDELL, ZhHs sampling error DA
Wi, FEEREACERREEMEGELEVESLAETSE RE). 7)) ik (NIEMH) TR iR
PPREATRH S, EORFIKONVTH, LFENCATHARAHEICESLVEELSZ 54, SR
FeREL, LOTWED 1.5E~2EdH 3, ) RNEHHINE & PROVEBEOEKEAXDI
FABEMTCEDL IR, FPROGBEEOHAL IFIULEDLNE TS LhL, 7)ESFITPRL
ENEEBEEZZDOLRIIC, 1) ETRBREDKDPAFTHRNTELORETEMNMDENS,
RicLTThD, LFLFTZOMCEGHBALLLODE I, HHLTH5ECATHS, LirL, EE
ind, TRETOHRIBECA LTI LEEETHS.

—%, RIAOEFHROIIC, 4) KB EEL, MELEMIEALELOBVEALHZ, D
Crr#FEABE 10ha PLEOHMT Yy ¥ — ) » e BARTESBAIIIR (BEMNEFND), BEETX
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Table 31. FEHHICEITDEE Y 4 — 1 o £ {EOKE 4 T ZAOIEIL

Correction of biases due to edge effect in Birteruicu’s method in Amagi forest

fif K ¥ A& W @ s ik , T) . i 1) ik
mteion | Nocorrection | Spriection by | Corveetion by
K N 455 362, 3 468.5 | 390.2
Tree numb(.l (.79) | (1.02) (?. 85)
[ ’1[1! #/ha (;2 50.1 ' 50, 4 61,4 4.7
Basal area m i (0.35) ) (1.04) | (2.93)
f B/ha V 563.9 \ 289, 2 1 604, 3 ! 228 8
Volume m$ : C.87 (1.07 C.94
; 33. 46 ‘ 39,17 ' 40, 85
d cm, 39.19 (0.98) (1.00) (1.04)
21.80 21,17 21,81
h _m| 20.84 (i.05) (1.02) (1.95)
N 33.94 64.40 33.89
G 4,05 7.59 4,02
¥ 49.05 87.80 52.16
SE d 1.9612 3.5561 2.1124
h 0.9976 1.8263 1.0809
N 76.08 145. 70 76.67
R I G ‘ 9.17 17.17 9.10
r [e]
Confidence v 110,96 198. 60 117.99
limits d £,4362 8. 0440 21,7782
i 2,2566 £,1312 2. 4450
B RO
Tree 285~239 323~615 313~467
number
F e B—Ji E {L‘i .
XEFEE | Basal 41, 2~59.6 44,2~78.6 45.0~63.2
Interval | @r€d
gt a1
estimation {’,Iolumt‘; 378, 2~600, 2 405, 7~802. 9 410, 8~646. 8
d 36.41~45, 29 31, 12~47, 21 36.08~43, 63
i l 19, 55~24, 06 17.04~25. 30 19. 36~24, 25

DOTHEENAINEHL LN,
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VHREGGEATEZHTOMAMTIRD,. EID, By — 0w L TRERETAMAERDHIZIE,
B EL A Y FADBIANIHK, FREIOWMFERMUSLFNER ST (D Fay b LAY YT Y Y
ITHRBETH D), UL bhiEA TR v bR Z 25 D, MBREOELEZHET D

LidiaT, W, A¥ESENmDTay b4 v 7Y Y IR DEROFNEEST HC LICTY, sy
LATFT 4. 202, ey b RG 7Y Y72 dicid, WYHPMRTE, HREEiEofk

BEZRELE L@ ERE0 THROHE AR L LEFNENESBOES D FHEL LTHE ADHKESI
10ha 24 1272 SRk Llilbd, 5~10ha OINTEIET &/ E 3908 H 5 E#Z 5N, Sha L
TFTRMRBULI R D FER LS TNENOH0EEANG, 2O L, LAHAEE, W, k2
BINOHBES CLMERT H4L —Rlit s LTR IS0 Eatlroitk S,

4.1.2 MEPROBH OBRELLOVWTOFESE
BEQEERZMIEO XS, HATRIEED, Z0ANRYBSLDAT, bEHHELZEIATY
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BhotiBVh, TOHEEMIONTE, BATON

I
FHELALRASNTOEOA, T4 ) AORE ' W= E
I S N T
T3 GrosensaveH, Barrer, 7if5, EHONikRE @ ) ,
)
#1z T.W. Brers OLHAREINTNS, 2O @, mE
: |

K SWERT, TCTRIBATORIREHNL, .
ET B Lo, Grosexsaven (319584, (RD L5 ~-Q@ -------------------------- ---
BT ANR LA, ;

HILIHZHRIC K B D % slopover bias &bk Fig. 36 7 o—+& v E—0OH& 4 7 R EILEHE
U, COBREE: LTARNEOBAR, RDL> (tlg_%ﬁiﬁimmrmmm.
CHBED B KFEADIAMOFEL DL LAE
WEEC R ERNIZEY 5. RONGHCRLERT A, BOKRDIIA%E 1, WHZHlE252C, D
DADESE 2, BHHZHOES ORI ORAEE LS. LAY CE bo & £13180°, REET
290° L7 A3~ EEUMLTRS. IREOMMICIEERL C, BESNIORDOTABIED SN, &
i, HIROBMEEITIET T30, 60°, 120° VI ZAa2—7EML, BEH LTI, 6, 3EFAVS
HELABELT S, 20HFER EH0—RMRLD 1) EHBICASICEEN 4. RETHE S, b
BRI AU E YR E SN BFIAH 5. CNEBHEIBICH 2 ROMIBHRD 7)) L SLDNELD,
MENERSAEDREE LS BRELIWA, BHBRENAE(NILDTH L. CORRTHOERLL
T)HEEF—TH5, Linh, BHELKETE, BRABRZIECIEEZRS 22 &0 7) X OFEIT LR
HETRRPAH DA,

19614E R F I NI O FEDI, HIMZFA N LA MOWAERMIZE DIRTFEHT, MliE»NED
BUEMZEDRBATH2ARLKA, HOBRDMI w2 DX HEHME, ST S o8
FEOT, ZZiBELEONEI AL DY Y b5 dEREEE A Y v P ROWWTHER, NELAEsY
v AR E O, WOBREE AT Y LREOEEE HROBRE S MHEA L 0N SERE L hiE
RS5RNOT, BUTORTIHMTH A, L0IBIIRLEELNERTH S, Us, LORTOE
ZFANHEAFLEDLE TR BOOTIMEEOWIT, HEREAER LTS JOFEL AR
THHILRBEHCmONS,

S E W H A DT Barrer (i0MB 5. CONEZ, ERONIH HEANDERID 2

FAOHKMOEK AT 36D TH 5o AT H DI KNDIIEHL, IEACIDEREER, REER
I TOEE%E D EThid,

S=R? cos“%— DVERE=DE -----(4.6)
W, JEARMAOERE AR A LT, O
A UMD, HAEKSS &DIKPDNRICEHL
WweT sk,

s=[n—cmﬂ%][ﬂuR+ARﬂ

Fig. 37 Barrer 12X 5 it <A 7 2 BLD:
(Bya—1Yyeik)

Bagrrer's method.

AR3D
—_ W__—D._E_— fesesessssseserasssessean (4_ 7)
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_—B++BP-AC
413_____2_2.__ ................................. (4.8)
o A
D D
=p—cos-1{ £} —
A=mw—cos (R) VRt

B=2R [1: C()s“l(g)]

C=DVRE—D?T — R? cos“(TD‘,)

ZITREIADERO—EETHLIT LMD >TSS, 4R JFERER. ADBRE, ALER
FTOERMSDHH - TONIERE 5, Barrer RIFERI 20 DB SOHRAREZERL, KOERLA
LR E OWHENESIE, 4R 2R ONDL KL (22220 ft B, SRAE0ED Lokic
HUT 4R 2lH»6RY, HHEE 4R ZFKOHFMGESY. TORATRELT, #9Y bEhad

EI3pEEDS. PhdEl, 7Y X2 EIT A E0RKROEERLE, REERMSOHERL LY, £
NIZED 7Y ZL0MIEM 0 2Ky, TS HIY + T2 ESIPEXHET LOTEZHIRES
fERL T 5,

MEOHLEARE, T.W. Beees B3EED 1) BELINLLSWFELOTL, WLEERLELT, »
U Y b ARDIRAERL RIS %, HAMORSNT B 2RO B RO T Weight Z3HEL
WIS EBEEIET 2 R L > TS, COFEZRIHHNO—EMMTRILLTH 555, BFTRED
#/:35 (Fig. 388K,

BhBh, VE, BRMEIC ALSANED, TOHAMOEMINAIIHILELED. HAHORK
AiBcmilab s b, Apry v Fah, 20T A REEUHEAEER &, ZOMNOKRITES
ZHEOTET, MoMEREOLHOERHRIDSKRECCEHHHLED, 2L ERIEDRYZE
5,

—%, BABZOMAAMMKGLBLTEL, Lk
o TRABMKACHLIHBEEEL, S LzoFIKEX
B o e, ZOTRTOLAILBT HIAMD
EEOTIFiEE, BAROIRME D/NEIEEC &3
RTHYD, LiM-T, ZOEARADEYEZED,
ZONLEE—RARRB LS TH B, FHOEBIETS
JiEhE LTRREMBTH 5, D LoKHHE, 12135
LA AR, FEREMNOFENIHTRIES
LS, RD DEEERS TN S . Sdrold, Adskl
R >THDHZ L, HOBIRPEBIERT L, KO
Fig. 38 Beers L0 BT 2ADMOREBRLI 2T L, KOBEMN

Beers’ method. HETHLHRNTHH—HNC EERRELT, HRNLE
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B (ecar) ZRDTND, THEH B,

Z2LPRrd | F2LPr e
€cal = 3715T27j2 =T 3xT 4.9)

L3HDOBLOES, PRIEKAOHE OADERDE, »r IARDYERE, T 3HEN, 7 IADTH
FiE, =1+ /ATl THD, COFEBTCHIEOIADOLY, WENFNTE, K
SHOMME, FHUERAS NI NER ORI LILIVEMERRENITHA S,
ARMBECSHOTOMBEHEIC LAY BILOHEZ LEDEBDTH D, THEOFLEL x/ad gl
EHHTHHICL 254 Grosexsaven DJjikils a RO RHEL TR /2 &L, BFEFORCH LTI
ald L4 BHFETH Y, Barrer DAMNDNSiEZ a 3H L ETHD LOIAMDMEICE LSO ELT
EAFEAEZLLDTSH % FE » MR OFHNS, HgINCE P2 Uk O aEE AT, Akt
IV EZRDMEELES LT 20607, [MOMLLETRIANLEDLEELOND,
IHIT xjla; O ay TOWNT, FHEEXNLTAEZE, KDXSITE5.
a; EEZ DHH%
Grosensaven OFik, 7). A) 1) Beers i,
a; BEABVHE
JeftaE:, Barrer 3, H#3LH:,
fid D ZBEIEES 35k
FHi - WiRO K,
1.1.3 REHEC BT 2B/ 1 7 AO(EE
MINLEOSAORY OELEE LTREHRO 1) EHENTE 5. COLNRREHEORBMEHRT
&Y, ~HCHARHETH S , RMOBRDEICERBE 5T, BAORSHEAD Y
TERACE LSO B R T O A DMANURL 4) Huc X DHIT L, ST T THINICH 5 & UK Uil
SOME &, BITHMICH 2HERTUROER E Ob%E weight & LT, TORIZHT 2 EREELT S
DHTEL, WOORIEHFIC R DRk L ma“‘ Lk KOHMIE L HAA, HDLTIZHER
FTEAR, Redod LERSOTHIZEFEAN S, 8025880 LICBET LA, AXDThick
SN EFREERG E &0 (Fig. 39 210,
RO 4 ), KOMMCIeNEEEAud e, T LT, BARNOEOEREEEL, it
a; & U, xjla; 2T 25, 1413 aj,’aj" (a; RERENIET af THRADBEFEEHLELED)
% xjla; ® Weight & UT3HE L, BOHS T8 T8 - 208 Ih I nNd k0,

Fom oM
B !
A —:"_' 1
R c_ :
A H A '
v ; 13
759 D T _E

Fig. 40 /v —4 vE—ogmiliko
Fig. 39 #@huliko, A 7 2BEOFEZH si4 7 AEIL
Correction of bias in line sampling. Grosenpavet’s method.
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F, BOHURTIZ, SOMRT NS0, 2RSS | O—BOs ERERAETHANEAS
3, CDIHUEHAL BANULHSGLELNEINY, BRO9EKANIBIMAL, ZTORELLHY
Y RFREX. COFRZINEEREEELGCE IV ELIEHENE S, ZOHERRRT
HZEREBIDMHD .

B T B Y WD OELEIZ DO TIE, ka2 Grosevsaven OFiE L REINTHHL,
At R OB, ML E AT MR 2%, CORNOKRIZDONTIE, RBOKRDIEA 124
LT, 2fE0EA%252 5. COBES, FIMBOMERBEALEL, HORIIEE, ERDORKIEKE
ZEELTED D

—HRIZEA SR SEE, RENSEOMBAS FORTEOMIRIZS G TRIEDEETEL, BF
BEADED OARNZEDODHMRTE T vy r4 Y70 Y X215 2 L NIEEHD TS, COEA
wi BFw g POWELEL, » 170y POBEE, J» & ha H7c ) OFEEE TR,

Ak DR

Lo o2 Zl_i_(‘?yi)z
5 (F) = N—n 1 i{ w; (i — wiFe) } N—n 1 iwi Y
PIel==N" T, n—1 TN Y n—1

.................. (4.11)

L% Z L4t Scnumachrr & Crarmay (X DB~ ST S48, TREITIIHEEE: & WO 5 73O T
HMREN TR ERbLNS.

1.2 HAEROELICL 2 HEBBOBHHOE(L

TRER, iy 22— v eikich T ETIETER £7X10,000/2;=10,000sin%e %, L1#ko

13X 10,000/¢;=(10,000tan B) /I MEb B L, T4b5 a; MELLE, —RKESHEEESIEHLESLS

Ze TOT & DEHMLE, o 24— v LERNCOSMRINIZEELTA LS . 2T, gikliEoEe

EFLLEK oy DRI, Theot B L2 SHEIALBREINCK>TENLS (FHDHNR T v 45

----------- ; HMEF 5. DFORATHRLLDOEL, HZCEhoE), Lick
: STHEBIIH (L B) CIELTED->T 5. LivL, COBARREY
< %— 7 WD 2 B0 H 52D L S o h—FNEDBHAEE AL
B 3 153 THBe WE, CTTRERE kd LT, kSBELTHIZO0TSH
i &"ﬂE@;ﬁmﬁﬁ?éﬂ%ﬁ&ﬁaykwﬁﬁﬁ
. R e S
D
TIHUND F—TRRBEMNAL B HICE RO RIIHOT 5. H=HE

Wi SO EEMAED K S ITERT 5% L s~ALd k. Figdl
Fig. 41 LB THED c@®lis kd, [ KE m A OFEEECh, mAOKEFBADIESTHL I K

T -G

Variable line ]ength in ‘D‘T[fr"k"‘ '}7373 L/» %@E)ﬁt mn 7!\‘0){%!]}2&72 blm :’.TZ? 6)?’ j( vlt‘!kb“
line sampling. HTFOAEBEATLEEML LT,
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fm —
(la;[a":,,= . ( 2 b‘";)zsi’:;ih;/c‘zm— b”c,,,), (tan =2 &9 %) - (4.12)
MED LD
CORAT i hn(hm[2—bim) BRI d S EBLR LD 5, TNOEMBLL kd— v Cip— b /12
B RICOWTHMNTDE (—kd + 2 VT E—lmD RS &5 0, —HOKRTHE hnl2>bm THEDT
kA28 CrP= b2 THBHRY @an/am SBIRRPTSH B kd=2vCl— bt D+ EWHE 0 &

Qamf@m RBXEZLS, LEMN-T, BEAREIBIANADEEDROM OEED 2 S0 LG
BOEE, SEAMBKITENE b S, —RICEABETLUEL S 3AL LAY Y P 2DHH0 5
S, kdm> 27V C = bt ELTENAS, Lich-T, (2.13) Rid

1(Y 2 ta ( hﬂ—bt )
$h Xy tan 8 P
A{Z‘ T +4L(Z,;l kdin, < (kd =~/ Cim®* = bin®

x)“
1D, TDRICOOTO—RESHE, ku!2 by kdin >0V = b WAVEICHEBEML 703
Ui~ T, SRBANICRBZEDNEIV S RZEEATRLA D, cRT &, BARESAAENIE
Y, SISNCIE B S LEZEHT D, B DT 8 AVN I EHERIEAKIZIE 3O TH AT
BT EMNFHICHNTES

RITE w2 =Y 5 eI THARONIRE kr, &R, (r R0 Tl ADIEM L35 & (p.69 B XIF Fig. 28

dim ___1___ [2+ k22— 22
a7 {k‘-’ R2CS T ok
1 APk ERRE VA
+k2r2 cos TdkR 2k‘r~R3 .............................. . 13)

(A=2d%%2+2 dUARI4- 2 A r2R2— A — It — BIRY X3 3)
oy 7= o e ITHARMORAAWRMO Pl &, Wil EEBIZITM B ROz S 5 L %12
arccosine DRIF L HIZIETH 5H% FKMERKEL LT E, TOKANSOHDMOBL 6 i
TWBEEGETSE, SS5ZCOTRIDRHD LKL, KHDHEH D Z0OLETE, am D2
KB F 545 >R D& EF4TIRN O T IHD arccosine DI LS. LBAATDT SIS
TRBEBL, WE, kIZDE, 12 £Hh& (4.13) OIHINNZE LI OOTHE#DT B &,

RN ot o i b S WA= 2R 2V A
ISRECOS 2 dier TSR ko2 RE

(arccosine D% ILIZIFIRT 5 &)

e 2 VA2 VA
T TRIR? sin” Fdhy T sin 1”dk1€4 S e (4. 14)

(VAl2dkr, AI2dER 120 XD K, 1 X 00D SEINTID

2 {«/A+1 A: }_ 2 {x/A+1 A }
Tdkr 6 (k) T T 2 akR TS (kYT

WA WA WA, WA_—WA,
FRs < Gy R kR i Qe TR ) <0 (- 15)

Gm F2HAMBETBEZITCROHS, ENETOHERI
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N x2 (ﬁxj)z }
LI AT \fs
A{El aj a

THbhahd, ThBHoDIC ¢ WOOTIEFRLBERTE S, HBULELR kr+kR=d T an=0
T, CO&E, krthR=d THPAD am b amlaen % b TERES LERS 0 L85, kr+kR>d
TREDHI LY am/a@m S LcbORBIAL LS, RS ERIEIC L CONTHMHDT
HBTEBbMB. —HEEREL LT E, P>RETHIE, BIE 17 cos I (d2— k224 k3RD) )
2dkR} @ arccosine D315, CDEE

1 d2— kYt 4 2R3

AT PR
2dkR )

—r—sin-l./1—
COSs T —sin \,1 ( 5 iR

VA

'\/ T ;
= 1 1L VA _~T) L. :
T —sin” 0<sin~ TR e ) (4.16)

‘)dleR(

L5, Lo w/2 BLLTHEmy, HEdLd, RO sin\(WA/2dkR) XD KTHB. [IEH
KeEBDIDODBEHILS amlaan BENELER T2 LBbh 3,

DT LD, kBRKITEBIZEBIL, T3h5, MERUERMMNIIEZIZH T, S/, @
KITERERDS KRB B > THRGRICL B 2 Eahh 5 (DRALSHICEET3).

MRENCT B DIHTIRERE /NS TIE, 79 Y P EREAMMNELLD, BBHLNELR
BDTHY Y bFREMESI HLHUWNCROCBEBEE LR T D, bBAHA, ATV FRERENID
B, 901 WA, HSZL b, TwA (BEXSED OU=%F2EL Ty 4~ v O
BmBUEREBY, AaiibEToMBPREAEZED T NENE S,

Table 32. KRR FHD BAF ORI & &70 5 BHEIE L EBEREROE(L

Change of standard errors and coefficients of variation
corresponding to the change of BAF in Amagi forest

N (458%) G (59.11m?) VvV (563.92m3)
~ 9 ! 9 9
BAF - 4 9 - ! 4 9 - 4 9
T - ¥
L K‘ESE‘L‘ = 37,27 | 49.84 | 53.684 2.50 2.91 4,84 | 29.13| 35.03| 51,21

g I!"'Cbﬁ ot 36.39 | 48,66 | 52.57 | 18.96 | 22.04 | 35.67 | 23.14 | 27.82 | 40.68

(Cv)? 1324.2 | 2367.8 | 2763.6 | 359.5 | 485.8 | 1344.7 | 3535.5 | 774.0 | 1684.9
(Cv)?/BAF

588.5 | 392.0( 307.1 = 159.8 21,4 149.4 | 238.0 193.5 183.9

B, CTTRLOEREEIET 5DMANLRHAZES, FTROBMLEERLTEHE I AL LT
i3, BROKHAEHT, BIGEFEK /4, 4, 9HVTIE Ll N (KD, G (WERD, Vi
) o T Table 32 DFRICASNE L BH TLEDIRL—HLTVB LN SH-TH b,

A—Z P Y 7D E, PrLiceed® (2 0 ELD A te—T 2O 18ha B ¥ OHST IMEFM S 5E
HEED, GWEEKL 24, 6.25, 9, 16, 25 & 0.03ha O o v bE, ha %7 HEIIRICT O
THEZ LT A (Table 33). ZOFC L Z L, MERBEER?2 L XL, BESKRELRDICDN, &
i€ 6.25 DL RIS BICE ST AILE - THE., TNRROHEICL 2 EREFLEHEELT
b, BobOTHIZEEA LN, MTIERLIMB2 LOEHOE, V7Y Y/ KLE5DEER
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Table 33. R Fo—7EHKIZE T 5BAFOEMIZE B ZHEADZEL
Change of estimates corresponding to the change of BAF in white pine

0.03ha h?'r W Hﬁ BAF
i v = :
Circular plot 1 2 l 4 l 6.25 9 16 25
3 Mean 2 45.0m? 42.6 | 45.1 | 448 | 29,6 | a0 | 47.1 | aie
= ésé;‘ i 2.0m? 2.2 2.0 2.8 4.0 4l 4.7 8.4
£ K‘J’Cff" # 13.5% 146 | 144 | 182 | 2407 | 331 | 289 | 9.8

>NB., PHUTE HIC, BT v #ZWETER (BAF) L9, HmIZbR¥EL s,
5 DEFIERTHEMRMEN ST EAIBRRTND, Boon & HEHOIET log(Co) =a’+0.5log(BALF)
AL L, Propay DINH X F18 (Co)d « (BAF);=(Cv) 2« (BAF); DBBEDH 5 2 LE—IBEDTL
%, Priepen & BAF # 2~6.25 O TR ZOEFHESED LD LEHHTVE. UL, KEDA
LOFITIE C OB LR (Table 32), Pribosen 135 SICRIERHMAR, HBRC20TH IR
LT 3h8, ZoERE, MENEROBNTH514£0.03ha@jtr oy FEREbDHTIIHBULT
WA, 2 A4 EEATEERMAICE BICONT LIEWIZESAKS IR, MRS, Kb#
KOBENKEL L > TV BT EZBITNS
EHNC O RAE LRSI TS S0, ER ERELZDOTRO &5 BERETHROSROK
b LoRTHI, RO RFHICE T ZIRMIER LY, 4 RKOKERE, WTFFEROEITE IS
5 ha H7: D HEHROFABAENNT 2 L Table 34 DX H 1278 » 72,
ZTZTE 48—y bERTEI L L, ZAOERIEARI (CCCRTETER L ) 2RETEOTT
i (ERE 0.2940 m?) A£E A, WHRGERA, 1 4, 16, 32 DBIAO ha Y100 O REHTE R
'{ Table 36D X227 57,

Table 34. 4 KDKODEE, B (KA +) Table 35, 4 ADOAKIEOHHE
Diameters and heights of four Real distances
trees (Amagi Cryptomeria) between trees
K o & 5 3 | Noa o - i
N2 Eed | Mot | Noz| No.s| No S 2 3
i [ B B ;
Dlameter_“ 46, 2cm 49, 4 45,2 6.1 2 ! 8.32m
it Heloht 2¢,0m | 22,0 | 200 | 20.0 3 .12 9.09m
N 4 96 | a7 | eesm

Table 36. 4 AKDKITONTOE y £ — 1) v eEOBAFIZHT 21345 (ifiFH0. 2940m2)

Population variances of four trees corresponding to B-populations
with constant BAF (Area 0, 2940 m?)

[ " 1l | R
I‘ﬁ[ﬂ[aﬁ!if( j);larlance {f Pll’O[)OrtIOD{} I Relatl\ei variance ' ;ﬂrf)\i){)?&il
1 2.3496 ’ ! l 0.5247 1.00
4 18. 1062 | 7.71 4.0436 1.93
16 50,6192 21,54 11,0305 1.35
3z 133. 8397 56. 96 29,8903 173
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Table 37. L 1@z 2 L0 MITHY 26408 (MEL 0.2940m?)
Population variances corresponding to the line length in L 1
method (Area 0.2940m?2)

@ B 55 il [0 i

ﬁnf‘ One side Both sides

ey 5 & T W & TN 7 S B R S —
engri Variance |, Proportion Rel.-variance Variance Proportion Rel.-variance
20m 27,2993 1, 7005 6,0952 16.0451 1 3. 5825
15m 33.2194 22,1930 7.8636 21,0741 1.3127 4, 7023
10m 47,0508 2.9324 12, 5052 28.4139 1. 7709 6, 3441

5% cmohmBEAbzdLE L, LR -ksDy, LIl TO—FHaEItE 72508, SEizRELICS
BHEOEL D 5), By 2— 1)y DY T2 BAF OZ{LOWS LY L3 0OMMER A& <, & ki
FBERAOBAEL L, 1604 RIZETHINN, BTNz LT HKNEHIERATKICI 3 1> T rel.-variance
HEMIZHALT VS, COBGLbEAA, WERAER OB4GMELRITTH 2,

oI COMBT L1 i TOMERORSEENR L, JOBA, EARRIIA RDWRENC Lfl

FRECEASETOEDT, £y a—V v iz o _GRIEURARE LS.
1T, HHOSTE, MUHREO20m 3SR EH/NS0H, $HROEHISRE L, FHKED

FHLDBIFTH A, CNRBRTIIIER >, T3 FMELEOEAMIZ, REXLsDES
o, EFRPINEDT vy PEDROENI—RORMENLET560TES. MEOHLLRD
&, ZOBMAIZ20m £N 15m O AR0RIFT, I0mAXLIZRIFTH L. ThiEsS%omEsid
FED 20m & 1 L9 4Ud, 15m Tid 1.3333, 10m T3 2.0000 THNILINDIT, TOERTIE,
KT ZOHEII LAMKOHAE, 15m T0.9676, 10mT 0.8619, WHITE, 15mT 0.9845, 10m

T0.8855 &M -TWVAMHLTH B, ik, L, v 22— v eoiikEdhd s4mic, v v %
— )y bHEOBALAHE LY 0.2046ha A EREL S22 »IZ4E LD T, L1ETIO L ADH
KA RECA LT BB MPN BT 0.1153ha £ Litd, Table38 DX HICHRIEL L HicE
3, BEIELLD (bBEHA, HMbEATE)., Lil, IOHEDETE, v - yeik
BETEL, R BMMEDEAR, BRIBLALEEDLEV. BB, WlRERD 20m oGekk

, FrlEs L O I,
0MDTWRIRIED S i - 12D, G HE CRORIEE) (TKIET 2 bOBREVLEDN S,

Table 38. L 17kick I 2 MEDE (I 5 0% CHEE 0.1153 ha)
Population variances corresponding to the line length in L1
method (Area 0.1153ha)

e 5 43 #  Variance Rel.-variance
Line length 5 ] Jil 3 U al
One side ) Both sides One side i Both sides
I .
20m 5%-19;2" ‘ 2?']2; 18 1.7827 0.7971
72,1107 36. 0371 9 4767 75
15m (1. 3870) 1 5525) 2. 4767 | 1.2375
1C8. 2833 54, 7551 .
1om . 96‘7’3) (2. 3589) 3.5.24 1.8803

L

W R, FIWE b OBGRBAORMACERE , HRE L. () 1320m S E DL,
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Table 39. (20x20)m* JICHF By 2 —1) » LD
Population variances of B-populations in (20X 20)m? plot
_ 7) X BELE ] 1) EEC X3 EL
B}Eﬁ%?;ﬁ( Corrected value b\' a) method ) Corrected value by b) method
5 i . B 43 it ;
, Variance I Rel.-variance ‘ Variance Rel.-variance
1 161, 6088 0. 6881 0. 0046 ‘ 0. 00002
4 161, 6088 0. 6681 27,0884 ‘ 0.1120
16 188, 3873 0.7788 166, 6177 | 0.7783
32 774. 6330 } 3.2025 | 774. 6830 } 3.2025
Table 40. (20X20)m?® HNiZk!T 5 L 1 HOIFkL
Population variances of L 1 populations in (20X20)m? plot
2 e Variance 1 Rel.-variance
&y fu [\ £l I3 o \ ] R
One side : Both sides One side _Both sides
T EF ¥ . EF T 1 FF T T
Downward . i Up-and Downward ‘ Up-and |Downward |Up-and ‘Downward Up- and
dow nward downward idownward' ‘downward
20m 464, 5351 + 174, 3609 200.23.8 22,5795 1.9199 0.7206 0. 8275 C. 0933
15m 464, 8351 : 218, 4001 200. 2318 33. 6470 1.9169 0.9226 0.8275 0. 1361
10m 428, 3466 308. 9235 174.0342 95.7273 1.7703 1.2768 0.7193 ‘ 0. 3956

Table 41. (Q0X10)M2 FZBETFAEw 2 —1 o e ORI

Populatxon variances of g-populatons in (10X10)m? plot

KT E R A4) 5 E Correctlcn by a) method W+ Tomx 10m D HEH T 4 A
BAF | 4+ # Variance Rel.-variance DRRFNTHALY Im LR iZH
) 5 5 D, 7T)EICXAEEEREY 2D
naoT, AHEHOT,
4 20. €905 0. 3325
16 476. 4262 7.6571
32 1210, 2616 19, 4531

Table 42. (10X 10)m? Pk 3 L1 kDo ik

Population variances of L1 populations in (10xX10)m? plot

i % Variance Rel.-variance
A R o fm 5 W] W i
One side i Both sides One side Both sides
T EF T F U kT LT
Downward | Up- and Downward | Up-and |Downward Up-and downward| Up-and
o I ~_ldownward| downward ! “downward downward
20m | 18869. 7766} 7461. 3434 | 5094, 6000 0 4.8742 I 1.9273 1. 3150 0
I5m ” 7604.7134 4 81, 3911 ’ 1.9644 4 0,0210
10m 4 81€4. 1635 4 : 189, 5732 ” 2, 1089 ” 0. 0490

fE% : TERRABTAMARO LGS Y, METFICES T3 60, L, ML, Mirofikicsy,

L, TREMSHEEE LSOO,
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ZOBAD L1 ko rel-variance 2 &y # — Y »v e Iigd 2 L, HETIR, BnERIAS <
PAHEEBHIT, BHITKEL L STVAY, L1ETH, BMMEbdTHTHs. &K MREDL
ANEZ/ANTS Y, rel-variance ZI1ZEAEEDL SN,

PEERT BIC, oy s—Y v kTR, KHEERORIFOLE XD § rel.-variance D BIEEE 02K
ThHH, L1HETIE, SEORMAE XKW LT rel-variance 3819 % . WD S SIAMIR
ML FTHIE DO, HREERT ST LE, AR BUBRINTSHEND ST,

EORHAERT, CO4ADKRDKNT ZHKRT 20mX20m £ 10mX10m &DEHEEREELT,
BHER, vos—U 0T TYREA)RIXBEES, LIETEA) MK 2EERTE-T
HEELk (2 @4A@A®ﬁﬂﬂh@kﬁmu1mnxmm~mmxmm1fﬁ%)(mmew~u£w%

HRLYD, TIBRIZEAHBHIT XM DEREIE AR, NDEBELXOGEBRENTL,
L1iETR—EROHMEMNT 254, MOoTiFdh 3o e FFELERPDHOLIES 5T 225K
MEBDIANCTE B T L EHRIBTT A &N, S LA ADEARITIROM L3O AREL -
FTE GILEING LT, #0RAERSOHRIC LIBGRRRTH D, KLtk EDH3B),
L1ikTi320m O {2 10m O E BT 2 b DE A5 L, HBABICLZHROHDIZLS
BENDPROLEZ, FHBEOEY, $PUENFTOCENERILNAD

4. 3 MOBECLIBHEHOEL

l—4%%, BA—DREIORKRPOILDHG TS, RUT HHAORREMBIELS 145 LB RO AR>S,
RBHBRELAEDEPBEND LD TEEREHL, 3oic, BA—AR HM—DKkEsoHLroni
MG THRRONEABELTERS L, ORI T AR E SN, M2 55,

rel-variance |22 K& 755 Eiltoht, KO TZINS TOSHHLEEMTIIDEETS,
(2.13) &Y 3 DI
‘N

- . > Xy #
N y2 N , X
V(se) =;1-1-{2 ogpyy Gatin Bt ’———A) }

7 a; (T Wdm

— 3o

ThHbHo MERAMOBEHZIEETZ2DT LDART, BEOERZIBLTEDLSL LDIE an 23 TH
Do LItMaT, am HEDXILENELSBBTH 25% L o~dud i,

BLETEEDRFTIEANE I C LI 5H 5, MO DMBIEIRELS, Likd->T, an I
B d 2O THEIEBADHE S5,

By 2=y eiliTE an i3, JlCH~<2 3.1 REROLSITEET
2 2_. 2 72— 34 2
=72 cos™1 & +.,rh, 4 R3 cos! ‘—,,—'d—}t
___%.,\/2 (d21’2+¢1'21\’2+l'2R2) — (d4+7'4+R_4_)—‘ ........................ (4 17)

HENE A 5. diF2EDORDOH:, 7 = REMWADIKKIMONEET S,

am %7, RA—EEL., dIZD0THSGTEE, —VvAd<0 £33, ORI 420 TR
HMBABRE DI T EMDHM B, LEdi-T, KHUOUEASMILGEL 2 EMRIIRELYD, —Ruclk
NDENCHB T Lpsbind, Fio, rel-variance DV THIIRREEIEAIRILT 52 L3 BUARTHS
2, CORDBEERDEF LKL - TEHATHRZS.
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Table 43. MFOAKINDIEHE Table 44. WWIC 1/3 2217 B B FlE
Real distances between trees Distances shortened by 1/3
I\o 1 No. 2 No. 3 } No. ¢ | No. 2 No.3
No. 2 8.3zm No. 2 5.%8m
No. 3 7.12 9.05m No. 3 5.25 6.03m
No. 4 9,86 4,73 6.63m No. 4 \ 6.57 2.82 4,24m
Table 45. Wz 2/3 #1217 b B oAkt
Distances shortened by 2/3
No. 1 No. 2 No. 3
No. 2 3.56m
No. 3 3.27 3.0zm
No. 4 3.29 1.07 1,96m
Table 46, = 22—V & e FICE T HETEE DT ik 2 Rel.-variance (ha $H7-D)
Population variances and Rel.-variances of basal area in g-populations
corresponding to the change of BAI’s and shorteud dlstances
Wi 5 it Variance Rel.-variance
i % g Tl " = = e
BB amomiE R IED | AN D | N OERE AN~ [AN~Z55
BAF Initial Shortened by| Shortened by| Initial Shortened by| Shortened by
distance 1/3 2/3 distance 1/3 2/3
1 2.3496 2.6727 2.9101 0.5247 0.5962 Q. 6499
4 18. 1062 20.3352 23.8247 4,0436 4.5414 5.3207
15 50. 6192 72,1694 92, 562C 11.3047 16.1175 2C.6718
32 133. 8597 159. 2744 294. 6851 29.8903 35.5786 65.8.17

RDEIRD AFIULA L AKIZDNT, HADRIFERNC 1/3, 2/3 LbE
DINTEFE T AL Tabled6 D X H i3
ZoXHizey4—Y v ik L1k

MKICIED T L3P
R, BERAHORNARATH
HLEBHREEINE D
PO D (LIRS S rel-variance OE LA L ONRTAH LS,

T fkET

rel.-variance O A3

3. TOTE(LICEEL S rel-variance DT D FOP—TD A ICIHET 2
MHEFICE 75 rel-variance (3B

2A I

Mo

WENDHETS, MEMKE

EH 5L, rel-variance |2

X ¥ axx
A{S‘I__ ImAldm }_ )2
T aj +2I.§:n Qi (*x)
(E;l’)g

V(J'&)
T a4

B i)/l

LHihhs

J}; 3
_ 1 {V' '°+.,§ A Xy 2()7.,\:]) }
A? J aj t<m Qi A
_ 1 &2 1 2 _amy,_
h Ag{j(fl j)xj_¥z<m(A' aan )”“”}

i Table 46 & K7D FEWLOW oM TH S
bUMEMNKENE, ¥V 7Y Y SORERED,

i OO ERE

- Fr T A

Sl BIGEORIRIC

7]C’

SxfA)eT

%, rel.-variance
Lie#sT,
B—LEEOKSFIZE, W

"9,

.......................................... (4.18)

M, i oEbic A
CRESTEE.
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Table 47.

L1 okt 2 mE

Population variances and rel.-

a) mW¥ Area 0.2940 ha

% B i % Variance
I {1 One side i 4 Both sides
Line \TImoWHE [N~ SR | A~2/3%0 | SHONE | AR~LSED | AN~ 3D
length Initial Distanceshort-|Distanceshort- Initial Distance short-|Distanceshort-
distance ened by 1/3 |ened by 2/3 distance ened by i/3 lened by 2/3
T
20m 27.2993 35.5139 44,7428 16,0451 19. 053¢ 22,0284
15m 35.2194 46,6812 59,6832 21.0741 25,5567 30,0827
10m 47.0508 65. 4699 87.36%0 ‘ 25.4139 36. 5433 45,0191
b) TEf Area (.1152 ha
20m 51,9126 72.8617 96,3974 23.2118 3C. 8364 38,4707
1Sm 72.1107 101. 3208 134, 4990 36.0371 47,4687 592.0110
10m 102. 2833 149, 2568 205.0913 54,7551 75.48¢€9 97.1023
Table 48, WEOZIz LB v ¥ — 1) »w D Rel.-variance
Rel.-variances in B-populations corresponding
to the change of stand areas
BrrrerLict’s method
T~ [ff Areal
IR 2,920m? 200m2 100m?2
SEH BAF -
i
1 | 0.524 0.0003 Q
4 4,044 0.120 0.005
16 13.048 0.779 0.123
32 \ 29.890 3.203 0.311
Table 49. WO Ekick3 L1 {£® Rel-variance
Rel.-variance in L | —populations corresponding to the change of stand areas
L1 &
Tﬂ!ﬁ: | S (31 i = i) i
“E  Area ' & ) One side M 4 Both sides
Line ~. 3 5 2| 2 2 2 153 zl ° 2
length ™ 2, 940m’ , 1, 183m 400m 1C0m 2,940m 1, 138m 400m’ 100m
20m 6,095 1.7827 0.7206 1.9273 3.582 0.7971 0.093 4]
15m 7.864 2.4727 0.9026 1.9644 4,705 1.2375 0.139 0.021
1om 10, 505 ‘ 3.85124 1,27€8 2.1089 6.344 1.8803 0. 391 0,049
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D% L Rel.-variance

variances of basal area in L1 sampling
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Rel.-variance

Ik Bt One side [0} 1l Both sides
LHomEE | AN~ 3FE Y | A~2/3F D | LUPoER | AU~ 3D | Rii~2/3F D
Initial Distance short-| Distance short- Initial Distance short- Distance short-
distance ened by 1/3 ened by 2/3 distance ened by 1/3 ened by 2/3

6.0952 l 7.9293 2.9899 3.5825 4, 2548 4.9184
7.863% 10. 4227 13.3257 4,7083 5.7061 6.71567
10.5052 1 14,6185 19,5061 6. 3441 8.1592 10.08516
1.7827 5020 3.3102 0.7971 " 1.0607 1.3211
2.4762 4800 4,6186 1.2375 1.6301 2.0261
3.5124 1254 7.0427 1. 8803 2.5922 3.3344

@lA-0Ulap & @A — (@amlaan) &,
Fubb, M@t Aa

EMbBD.
Vg,

—

T AR,

INAETHED 4 KoKl kb,
2T, TDIRULTEIHOEKDAEHLLI LD LT 5.

T L1iER, BARAZHROILICE{hkEL

A B3k

TN IO RHIT 2D
rel.-variance MBLERIINE 5512

FUAPICATA LD . ToOMTI

%)@(E L/f\;cv

4 KORDAL

(4.19) HAL%3.

XL, il cBMmgdbEissz

iz

Yo~y LI#E OIFNICEBOTY rel-variance EFiEAVNS LIZ E/NE {13 A A5

LT 35, SEREEDENZAT I EBRIDEMSNS, £k, Table50, 51 Tid 400m? 100m?
OHMETI, 1) HBIZE 5 RERROBERA T 1.

BF 21T, WROAR, K&, fEEE5E2ohizb0s LTHEL, HilodEIKT 5 &, 480
JNZIL B8, relevariance ZHICKE LD, V7Y Y SDOMERELNES,

Liedt->T, HMLoREHOEIFEZERLTY Y ¥
T51259,

T & s WEEEMET F 3 B2 fuush:

Table 50, [EOZTLIcL 3w 2 —1 o eiLOF

Populations variances in B-populations corresponding

to the change of stand areas

~— ifif% Area | |
ST 2,940m? 400m? 100m2
TR~
JEZ( BAF -
1 2,3496 0.0046* o*
4 18, 1062 27.0883 20, 6905%
16 50.6192 166.6177 476, 4262
32 133. 8397 774.6830 1210. 2616
HE X 2EH A ONSICHANNAETEZCICLANFERITHD
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Table 51. MROEIZLS L 1iEORME
Population variances in L 1-populations corresponding
to the change of stand areas

T T W i i Both sid
. es

Qe A Area il One side o] :

Line 2 2 2 2 2 2 2

length \ 2,940m ‘ 400m! 100m 2, 940m’ _I 153m! | 400m 100m
20m 27,2993 51.9126] 174.3609] 7461.3434 16,0431 23.2118  22.5795% o*
15m 35,2194 72.:1071 218.4001| 7604, 7134 21.0741 36.0371 33. €647 81.3911
1Cm 47,0508 102,2833 308.9235 816+, 1633 28.4'39 £4.7551 95,7273 189.5732

H#* DEITDNTIE Table 50 Ofii# 2,

44 FOy b LRH VT UV CHABERCHEEAS 5 5B, METERALHETSEY

Tay PVRY VT ) VIR BOT, REFAEHEEN, HH5ORBIT HIEEANE Ml A%
B, UAFFRICLAT B 2BAMS 306 LKL, ZOB0, SHIRES S, —I5, 20OR2EEL
T, AOHEHEHOKE SEEWL, BALEET 5. THBHOLICKHS 3HA bRICARTH
FEV, LEdiaT, COBAICEBEDEMICKSBOESS, Lisl, Ey2—Y v EETE, 1K
EEORIZADEIETEBO DT, RRICC DL H 2 EALIIUL, Y AL HOBERE Db
BMIEF5 LT, 8L, RELRA DY b ENSLQREDEZHYY b Ly SORMICADNS b0
W, EEEND, RS EAOIANE LT, 2RSICED DY Y b FREME S Dk LT RED
LIWKEAS,

LB, HNICTSEMBL, BELES T3S, 3z*rms:zs*5m$mf;gm4 L1155 (A
RO, g QIAEER, N EAL), NADKATI, ha H7: I 70~80 m3 AEAR
Mo, T 7/1000~8/1000 &73H, &hBHT/HEN, ha bbb 58E 5T 4/100 &S0 T, Wy
ST X bR T 52010 1 EIC b LW, BUCZ 0L S 5HANR, AETEEASH T
VOTHEILT Ik S ENENbNES, —HRELEE-%0T, KYBYFTRE (ZOHY O LRI
DNTIE, 1966410 FI K3k No. L IZHISRATIEN] LT 3™), MaO#INR %A G & L, AN TEHE R
PR & OTHE 7. (@=0.1, M) EFNE, 7 OEICETHLT, Gr/A OIARERD
ATNBTHD Y. LEboT) T ORTR Tam(CroA) DAMNBETRNEDEEE 155, Ok
5H%é,ﬂ=$ﬁmj®Mﬁmm£5mémﬂﬁbTbé&

"l'l(A G) “é Xy

ﬁkjtj} To
E E{ (A —
()= P 2( OX 0+ b3} Sfaf
Tar N & Xy
...... (A—C .
et (A= G) P -

_A-6) f”fl ‘2' QYL .t }‘j Ih[j-\’j}

A VA e A 1 oaj
%
_A-6 =Y
...................................................... 4.2
S L (4. 20)
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Gay
§oowyy _ X N oxy YA
E —ES& S =S M psy =y 21 -
(ye) [ > Fray P = 5
_EuA-0_a-Gy
i A? A =
ik, 1L, cOTERFEMIZIVIELOTHS
oz
A-G 1 G Xz
l'gx, i "“ZW 221“2: AZJ(,‘ (m Q) veveeeeeeeen(4.21)

ha &7:9 10,000X (XCx;G/A2) &i53 .,
bL, x MHERETSE, Tay=G#h5, ol (GHADX10,000L 785 L7:Hi->T 1hal00m?
DHIMER»EEET S L

100)2X 10, 000
((ﬁxomnz = 1(m%

FEFMIMNEEELBIRT EI, chidid 2 1d 1ha100m? OWFERE b 2OWST | m2 #4574
5. BEALYHECIE SN THA S,

5% Joy by FTUvsETay hLRAYYTIVY
EOBFRICOWT

Fuy MY YFYTE, Fuy FLAY VT ) YRR A Y bV T ) v (ERE) oREN
THBEy 2~ vy EEOOTNHIODRICERSN, ChITHLDUWRABRESIATO S,

Foy b4V FY Sy, AMER - ThaThbisnil, MohlE:s viachRictsEtse
H2RETHEN—RERMERATE 5.

4T TORRTRAOEEREMNLEELTHAM, —FBIZRIER TRV, EHATHELTS, KEhadii
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S =S+ L, +xmr (S IROMmET, L BAROHIIR)
THETE3, €uy 22—V o kTR, THTRWEAR, »—BLROBVOTHIBEE T2, Cok
375 &3, GrossexBAucH (T ki, WEMEIUOE &3, HUNICEYERL LT {(BAEIE)2+GYME
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VE, FAROTLAS ROEFRELOAZZLRKIDOTEL L cTHE, H 25O — RO AR
FTARTRITHZcRPETH 5.
cogém@u—ﬁmiﬁwm&uaoLtmafwmcavﬁAzr LD, TOHEFLELT
HE ROFRORENE L% B8, jorgs & 3 05,X10, 000 851 + 0 1ha 572 5 OAT ORI
Eﬁﬁ&ﬁa.cn@,ﬁ%®mm7nubz&amﬂé ha H7:H D x DEFOHELAR L2~
T3, EROMET v v FIBHETE, 7o v PEERDADEOLIIK, Ty PEREL TN,
—HBFRDLOSATET 0w PBERVE S TE—HMELDDPANEN T EMDh5. LA, —FEOKEL
DMK v F THEEEBBODLERO L, COXITEZTH Y Y IIEFLE ik rd
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59, IR ELNBLBTHA). Rm RIKEm KLOROXRH Y DT Rin 132 OMAD Y
(@ & RTHMBT (2L, 2ROADFEAEDHZL ), R ZHMDRHDOBHOMBETH S0,

Rip=2 R? COS'IZ—dR'—’—\/4 R2— 42

— 2 R2 cos™ 1 _(11(\/1 41(” .................................... (5.2)
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HTHs.
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2235 FNRPAORTF (BHEE) 2E-1EBSIIRATLYE G.4) OFIMNIVEEZRWVEAS, L
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Table 52. KAFEHBMKZETE7 2y bBLT

Results of experiments of plot- and plotless

A
ik LIZTEZ
o oM B B Wk | A | EEH BERon
Corrected
Survey method Sample size | No. of trees | estimates of S E
basal area R
by b) method
%ok A " . .
Complete enumeration L 217K 39. 1m
T 1omJEH 1
Circular plot with 10m 78 236 44,5 1.6325
B e diameter
Birterricn’s method 78 1,184 ' 39.7 1. 3333
Systematic | {f{%20m O HL
Circular plot with 20m . 39 1,184 l 40.6 1.8565
| diameter B o
10m 3 M T
Circular plot with 10m 24 1, 149 32.4 0, 7564
Ran-Sys | diameter
B b2 34 1,095 36.8 1.418
| BirrerLick’'s method
10 m [ JE 1
Circular plot with 10m 84 1,166 39.1 1.2840
Ran-Ran | diameter
B H: 34 1,144 38.5 0.9355
Birreruicu’s method |

% Remark: WITRIERIZATHS,

Table 53. XKMBRTHKICBT 570y b BETTay b LRy VYFY VIO
Average time for measurement of plot- and plotless sampling

RS ] ST,
Average time for Average
WsEm | e A diameter measurement height
Sample size Observed trees | A7 [ l?égﬁpoint A7 Y
B 1)}3}: tree or plot per tree
10mFPE 7 2 v PN
Circular plot with 246 2,316 0. 3052 L7561 1. 3040
10m diamete}"
B ?-i s Q
Brrrerice’s method 246 2,355 0.7291 6.9797 1.6756
20m 7 a .y b
Circuler plot with 39 1,431 0. 6827 25.0313 1, 3871
20m diameter . .

WK, COMEEFRICE > TRFLTHLD, £ oy by v 7Y vt vys—0 v bEED
WEgo & LTIHT34E (19594F) FiiREHITRKHEEHTORPEERTIT L - 25 eR~ 3, bz
Bz x5, TOWERE 2 FBRETRBEICE / S0 a3, 7H <y, ERSGEET 2
12ha /T, FLOORY, HRRAKRERHET, SHEESSERNT, MBREIELTH-
LOVELARBLCY YTV Y IETFR-BOT, #v7) vy FRELTR, R0k Sz, AENGR
line-plot {E&, 54 V& F VX AicEy, TOLETT oy r2RENZLEIFER, 4725V FuC

ZZzET7 oy v 57 Y HMCE BTRIBEO AT - . KBOHRICLZFEIOEER,
4) X DTN, HEE M KO RGO ER RO X 52 BA S FEEiIC o0 TR AT -
fo, COERDEIENE, MEIEEEIC OV TIZ, HiE 1om OEEARL Yy 24— v eI TE
#HAEDHRGD (2L, PUERREORIIGLMHET, LebETRY»d3). Lirl, ERAEKL
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T . 1 Zpife gL % 1 ATl
e 71 M e i A
T 2 i e T BER
- a = Average observed| Average time Average time
Confidence Noncorrected trees %er Soint or for diameter for height
interval estimates b lo]t measurement measurement
a p per point or plot | per point or plot
A 5 7
3.2487 44,4 9.8462 5.5897 18.0641
2,6931 39.7 9.9615 8.1282 16,2103
3.7722 40,8 36,6923 25,0513 50,8974
1,6224 39.2 B, 8929 4,2619 10,5833
3.0360 36.5 9.2619 6.7024 12,4524
2,7542 33.8 9. 1667 4.4762 9. 6667
2,0067 38.0 9.5240 6.1905 13. 4643
AR DNTR, By F—Y v L TREEEITIASLD,
1 ol \PYH o
n Otawara National Forest 0.73 4343 L, 10m [EBHORTE 0.51 5 LD by
EaL W M e il o
tli;i ff(F)r f{-\rggag‘i tlnlj fl()l 1 44' 1‘-35 N/ "3\7]) 2 fw z & ii < ,'f\y“ C, ﬁr‘fdﬁi'l?fi,
measurement measurement —
LD | gy |V GHEED  E7ATVyEETRAYVIABRATOLOT,
LARE -9
Fer ot | Per tree | Ver boInt BIEOWIHESE L, CORERZEUTHAS. L
12, 2764 eooz | irosps | FHe T BHOWELZDL, ZOHKDEAIELT 0
v MEDBERIO X STl hd
16,040 2,4047 23,0203
ik: 7oy b BENCE S, RESHBEAMsERE
50.8974 2.0699 75.9487 PAAREEED X 32RO & S IR TR, SITET

= Ty

g

Fu

4

SEDHER

19644F, 19657F, 1966%EM 3 /il bR BT FHMHEEIC X D, KILDIRINBE KT
THF oy v VYTV TDN B,

)4\-")-\' r

P N—n 1
) == N Vw

et L,

Botdnd, MELEODIDEER LI IHHELTES

(Scuumacuer & Cunarman 1 3),
w; K79y FOWE, ¥y 2TOMEMOLLEL, ha SLHDPEYE Py 90,

1
{ o (s "“iVﬂ)g}_

(n—1

FHTRAHEEAG TS,
DI EESE M R E R T8 -
16, 1204E4ED/NBES 3 DEF 19 /L, = DR S 357
EZHLATONETI 5 HD A%

ek B

&t (Cypt
N—n 1 Ziws S
N w n—1)
S oA R
108, St LINFEHIL S 30~50 4E LD /NHE A

2T,

.20 ha Tdh % LI RT 30 ha 2L EONBETIT 10,
T omX1om OF ey v FY vy

—KZD
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BARAD bR/NEC LIRS 2 BBROKFEF FTETHEIC 15m OEREDOEL, Ya2—R2—-77T
SEHUEEZRETEEE DI, COMBDOEATBAF=40y 24— ) »y b AT 1, TOMBICIN
PO GHITKDHER 7o v + 4 ¥ 7Y ¥ 7 TiE 46.2m? EFESFREENEL 3.3%, v s—)
v EHETIE 42.2m? THEEEARBAER 2.9% £100, S/NECLICR? LHEFEESRREDS, Tay b
FYFYVIOFHMEODIZIIDI B 10 TH - /e HEOTI 120 FED/NEARV R, F oy
FEYFTN Y STIE 40.8m2, HHEMEBEZ 2.1%, SOy P LAY YT VT 39.7m2, HHEM
F228 Thote, —F, BEICELULHERE, ERNEIERKOENE y 4 —1 v e HDH 2 EORE
MEMEEL, SUSNEMRIL, FROFNY wa—Ra—~7 0% 3.7 EORIERRZE L, 1k, ¥
BSIE20 TR, 7oy b3 Y7 ) YR BHARY 2 R0 —F R —HIT 2B DICESERED
&,

PR SICHBHERL T > TWBH, Fay b4 7 Y7 ONBIEEMARETEL, boddTh
CHES K, L L, MIERHEEEETE L, Toy bvAG YAV VY FOEBTay by T v
LOSHEYDURELETHEEERLTVS,

BE, PRORRUIHERERSE, BE40NEKETLE Yy #—Y » t EOAEEBIZP D END b
OWHO, FRF18M2EEMNILDOMNBH L. EOCLHEYTRLE, Fuy bRV YT V7O
BEHERL 3mE, HHTEP M S, Fou b4 r7Y VORI NS ENEEREOL .
LT, RO s X3 ICHBEEMCEPRY, 7oy by v 7)Y 73T ey b LAY Y VI &

—RZE RS, HREBET R E, Foy b LROFMRLOLE L, fL, Yaz—RaA—
T XD REHE DO HREREMEROTE Y, 270y 1OBAT oy FEERBRHZROTHNSE S5
BEITELWIZAS,

1965 #F, RFEINAHF XD C. L. Kirsv®® OFEERTIE Saskatschewan O REGFKRIKT, 277
RO 1/5acre BEEEHEHO DT BALE LY, WORBER 10 20, ZHEEHERS 50T
BERLBL LT ZTE - T 5,

TORRICE B &, RABHHOEHFRIMERE R BEBDT I FHLTRA v by v T
WRETEy by Y PV EATED RN 10% 2 EAS 0. WEoEERZ, 1in QEoKRIKONT
T, £4 U AT 129.40 Sqeft/acre, Fa v MV 7Y v Tid 135.20Sg-ftfacre +i3

HiEEfR 1T 48.2, 36.3 T oy M YU OFERIOHRETLTVD, TNT20TR, B4 v by
VT ZBARED L DBEICRE D MH 7D THH D & Kisy BEMI LTS, —F, 3.6in LLED
PROARIZDOOTIE, B4 ¥ b V70 RIER@EA24.00, 7o v b4 YT TiE123.30E750, LA
EEI1 D hs, BEBEEEIZ61.8142.1T, Fa v rH V7 it (51.8)%(42.1)2=1.51 THEIEH
BEDBL, —fHC T Ty b Y P, T AU BOXHTIE 1/5 acre [HIESw v FOBA 1.2~3.1
OHBEORIZFLTOES, 20T &3, HWADERRE, WET 38RO 4 XD/phEho L L,
il in YL EDEHAENS C & L) XIBCEHBFETH S LHNERHELTNS,

TR EDAKSGEA ¥ b v AT Kirey @BMEIT 09 b Y 7z T —ficdli
%mmé&O%m?Lmﬂ AIERE O RHHERTORBRFITE, HICZOI S BHBRACNE
Mot

CALE BT 1954 4212, Grosenpavck & W, S, Stovir STiEZLELERERE LTS, Toy
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Table 54. Grosexsavcu & Stover D]
Experiment by Grosexsavce and Stover

RA VvV b Y vV F o o v by v T
Point sample Plot sample
Nz - Eﬁ{ﬁl% A & Eﬁ@fﬁ%
:ﬁwem i;” Standard T vera ,iéq Standard
- o B¢ | deviation ag deviation
- 4 (fe.)®
L 53.76 38.2 53.80 32.0
A (1t
Total volume 692. 1 . 662.9 691.7 603. 4
BOR ML Oes” 3,848 3,297 3, 663
Merchantable volume b ’ ! i
Table 55. Eagles Depot TOiHZEH: B
Experiment in Eagles Depot by Kenoarr and Sayn-WittGeNsTEIN
o ) L TR Mmoo
Basal area Total volume
A - Standar s andar
Average deviation Av erage deviation
Brrreriicn’s method ‘ 97.6 37.4 2,279 882
1/5 acre plot 97.3 21.3 2, 246 510
Table 56. Forbes Depot T Dkl
Experiment in Forbes Depot by Kenpare and Sayn-WiTTGENSTEIN
) ' @ B ’ WM
Basal area Total volume
: N F] e (g 2
vy | REEE oy oy | &
, tandard . Standard
Average deviation Average deviation
Brrrereicn's method 115.3 38.3 2.686 847
1/5 acre plot 115.0 25.2 2,669 656

FplizZoSoy b
2.95

PO 1/dacre TR 6.951In Ll oA 20T 1/10in EATIEREZD, X

EHE 1/40 acre QRELHAND 4.95~6.95in OEROAKIZOVOTIE 1/10in HETHEREHD,

~4.95in AU DWTREAMOBEZ 2. — ), £4 Vb Y P20 TRILELIn P Eoboix

& LT, MAEIL 665 TH-Tco TOREYNS Table3d DEHH THIHIZ, Fav b H Yy rDhs 20
BRI, WEMEFNO &0, FLMEHTBEALENNNT ELADEELDE, 1V}
FYTNOFBEOEBERTND,

F7, 19574F, R. H. Kespare & Savx-Wirreesstex®® {3 Petawa W5 D KREHD Eagle Depot
% . Eagle Depot Ti3ift

& Forbes Depot @27 T7 0w rhé oy b L ARBRDLEETHE-TWAS

H70, B 4in DEOADARRE U, Forbes Depot Tid#ihi 50, ER 1in HLoAEdRE LT
FE U7 TORER Tables5 & Table56 @ EHHTH 5o

DHEEGHPEEIEI T 0w by VDI HVRI N,
BRAMMMIP T ORED €y 2 — ) o e IETRPEADKEE

EHFIIIZEAE LMD, UL, iR
RIIWDITIE > TOB, ThHiz20
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Table 57. De Soto B H #k © ¥ & &£ &

Experiment in De Soto by Aranasiev

B P (B €in & 8in 0 & D) Mg (ui?i‘ 10in ZIED S D)
7S BE Basal area . olume Volume
(Diameter 6% and &%) (Diameter over 10%)
Compartment | g oo oy 1/5 acre BirTerLICH 1/5 acre BrrrerLicu 1/5 acre
cu. ft. cu. ft. cu. ft. bd. ft.
1 -+ 103.8 + ¢6.3 + 80.7 + 56.6 + 111.1 + 100.8
2 - 11.0 — 9.7 — 3.3 4+ 34.4 — 12,1 — 13.1
3 + 0.8 4+ 11.6 — 15,1 +  19.7 + 5.5 + 28.4
4 — 7.9 - 4,2 +~ &7.7 + 7.9 - 22.7 — 20,9
5 —_ 5.4 — 15.8 — 34,6 - 3.2 + 16.4 + 4,7
6 — 22,7 — 12.6 - 22,9 - 8.4 — 19.8 — 14,4
7 — 19,6 — 38.5 — 38.¢6 — 34.3 + 3.2 + 10.1
8 + 2.6 + 5.2 + 16.9 + 19.8 | -— 1.8 ‘ + 4.1
2 + L5 + 215{ + 47 4+ L7+ 46 i + 5.1
Table 58. 4 v FEIMH\TDOMEHEZR
Experiment by Chacko in Indian F.R.1
i hildl =4 Basal area
M am 20X 20m
BAI« 2,296 BAF 3, 444l BAF 4,591 BAF 5,739 oyt
3 2] B a =
Average 24,22 l 26,00 26.17 27.27 25.76
# #2228
£ 'i g2 o= 1.379 1. 467 1.7¢66 1903 | 1.599
s DA B EE .
R R vi
‘SE_FX 100 average 5.7 5.¢é 6.7 ! 7.0 6.2
%% 1§ # 1 o 20, 7023, 463108022, S6r-25. ¢
Confidence interval 95% 21.46~26.982.§‘.C.»‘ *%78._9—322.6% ~9.10‘2-3.“716 31.08j22, 56 2(:193
/N R No. of trees
T T B
BAF 2,296 BAF 3,441 BAF 4,591 BAF s, 739—0x?](3’§ J 1
T e 439 247 169 484 £33
Average )
B 5B 33.2 29.9 8.9 51.4 20,2
RALIN S DT Y B E P E é
Sk ;EIDO average 7.6 6.7 8.3 10.6 4.7
95% & #]| K ~ o .y ~53 393~47
Confidence inlerval 95% 373~505 387~-507 591~547 381~5387 393~473

TRAO2HEL—BTD

M. Aravassisvd (I v w E—d De Soto EHEM T 296.4acre © Long-leaf pine ® iR
HZoWTRAV I Y e ey MY PO ETR -2, AKEEH L7 30,000 KT,
K& XFPIRIZ 5. 1in~2.4in T, KBZZRBT HBAETH -7, 28, BREKDWARMCAEL

Do PEEAEHANE 1oacre (7 oy FERACIILE 10% OfE L, <OERERMOH
LTy 8 — U o L HEETHE - 7. BEURAOREDH T line-point H TRESICTRENEHEEE > TS
= DFUNS, Table 57 (79 & 5 ITBAHARICK TAMAIB FONTOER I TH I, ZOFM
S, PREE Y 2 — U v e EOEREMDOC L L, WHEFNMSENT E» S, By i—1y eikhk
VRV EBRNTINS,
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Table 59. Vuokita DFEME (EARLBEEE
Experiment of Vuvoxita (Sample points and areas)

= N g ’:‘7" : B
wooxk D owom | FALH i %
District Area No. of Sample Remark
_ R __points _ !
S 1s qha CATRSEE OGN (L. i, ERCE
No. 1 46.0 187 L' ek 2
No. 2 9.7 109 W7 i 1
No. 3 57.4 128 M F & (BEOEGGDLIL)
No. 4 294.6 637 (L2 = I N

RN (ft‘;w FAERR)

Table 60. VuokiLa DHPEEE (MED

Experiment of Vuvokita (volume)

WX ey NV TY VS ‘ Eo s~ ik

District Plot sampling | Brrrerici’s method
- | - - -

No. 3 |16mi 55md ('n',y;ﬁw{ £79) 121 £ 6! (509%)

No. ¢ 156 491 ( 4 58%%) 169 = 04 (629%)

TAYHERELAOFEE LT, 4 v FOHREREBET V. J. Ciacko, A, C. Rawar & G. S. Niol
DTS - 72 NH%3h 229, LI G AMGHEN O TR 45.32 ha O F— (Chir) o A TIERE# T HEZ353~
BRI, HVTUVIORINE LT, —HHERE LT -7, CORIIREBEEBMSERD o LI T
LTHNBDT, CHVERBL LTHY, CoOMICHC T RDME 7 v £ 2 0RY, TG 2 45 (D
6 #2133 ATHEASE LTEY, b5 LE LTEy £~ » EEEE{TR D EFFHC20m X 20m
Toy bEED, WEETLG, HEE S AR O THRER LTV 5. 66, v —Uok
EERTES EEE, 7Y XAZAG, ft &N & & OWiEGEE 10, 15, 20, 25 (#— baikTE=
NZ41 Table 58 DEFVZHEE T S) AEH U

WrER, ARELSIKSEOMTEMITSLRELN, HIRER SO, 2L, ARdEEDHHERER20m
X20m 7oy FIEFUNSOOMEETSH . S5, WIAEERE LT, 30~40 iFDF — s
Tidh 2.296 A 3444 DIXRNEIRNTN DS, 4B, TOHASHBRTERD 2.296 Tk RITK &
(B E, FHEENRESLLIDOLENDLTEHEALD

Ex O AT Pribosed® DRNZHIA LcHMHED. S NOEHAETH 0.03ha DIET o v + DENE
B (O RMEEE TS o IR NI o T 7 4 ¥ 5 ¥ FD Vuoxiall® (3, 1959iEDi
ROHFHET Table 59 12777 4 X (SHMAET 407.7 ha) Zx LT, WIRYERLOE y 2—1) v &
LAETED, KHS3, BAHXTRAR T 2w v v 7Y VX200, MBEZRELTHS.

MBHRERENY Y YRR U, 203570 5 bV P VIR RBEIBRUEA
KT, HBPRDOOTHERTOZ4S, Table 60 1C/RT X ICEEE#IZCy 4 —Y v 2D KT

LU, H0U3, SEREELTN S, 1 8B4 v P EY1 S0 TT A, EREGRARLT2AD #
F7VORODHMEEZENT B0 6 HTTH, CORCKEHEAAND TS THTITLERN, €y 2 —

Vo eEREDLTRENT, RAUHKEELS 5. A% 0y bED 10~20% ORFET LN, K
HEBELTW?

Pk, B ODERHFIIE oI EEOERNAE Bifich, KREFETEHOWE B2 BADT < TOH]
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T, M—MEEML LA, Yoy bvAF YT YT oy b YT v S R DETHENS B
LITARGNTV L. TITHHINECLE, FHLAY 0y MAKEMGRER L OMETH S

kA, ARBEWTIROC 2O TSN T A2 &, PRI 2 BISEER (8
HEEOEBE L O PRPRE ) £3RDT, RN LA BifsE Bics ¢ 2 AP OERE LR L TR S &,
Kenvarr QT Eagle Depot Ti3i4 0.029 acre, Forbes Depot TiZ#y 0.016 acre T, W7o
o FOMIH 0.2acre XD {XZH/N&L . Bicd v FO Cuacko SOETH, Wiliatiz g0, 15, 20,
BIZRIET A DI ERE N 260m2, 174m2, 129m?, 103m3T, WKF o v Ik 400m? LY s
DRPNED, LEDAT, oy b4 Y7 rEB0 TR, MERAMSEZOE DN, WEXIVOR
BRTHS D KINEEATHAOB 2T 25 % 320.2em T, BNOEUEB4 EL - TE Y
A= o eiERETT L EREEISMOPIET 2 » A LB LICHET S Tabled3hoHioNns &
F10mBET o v P OREARKIZ 2. 311K, = 4— 1 v L EOTINT 2,354, DXHICEDEH2
Kb oiv, COBEAONMEIOMEHOBRERSEELS 2k, Table 52 2 Xiud, REHETRE Y
#—1 v ik, Ran-SysikTi 10m HJE7 o 5 bk, Ran-Ran {ET{de » 2 —Y v e EHSHERL,
WIFRBROD, ZOHEFII OGN, (EROFEINAI, NEMERLE T o v bliltE OBREE
BETITR TR DU LA ETRTO LS T, 207, o = o eEAMIERENE NS
FAETFLICODEMDNG, DT EEFT 2y b vARYFY) Y IDTRTIZODNTHIMNT, BZ25L T
By bLRY YT Y PIEROKE SICRF LAREAANTH AL, RIS ETibok0R
HERAOKFNTFROE, MEDTTE oy by Y ZEENRBER L LRI LERIENT
BAI. kL, KOAHE, Fay ty 70y TR, ey MERE—ED S, BRLAKLO
£2ay, Fey bR YT Y SEIODEBARMEIIBETE5THA I,

UL, BEERTE, —ANTAKREY S ha H9HEL ha B2 DETHiRG, Vi, TigEue
HEEL, 22, KINFEOWIZHLIIRBETHIUL, 7oy tOBRESDRTNEL BT oy
YT IYIED, Foy PLAY YT Y Y SRSROLETREIDIBILOTHHS S, HHA,
RASAATHD, H20RKIEPHEDORELBETLOT. Toy LAY YT Y VI s L
BEETELL T LRUATH Y, WINEFOBEVLHNZE 22D THS

it,fuybvx#7707¢m%iﬁfvﬁ—uvt&uﬂmééﬁwﬁﬁﬁﬁb,£®ﬁ&#£
WHREEE S A S, BERAROBMOT 1 BIPHTHY, RIKREE, HESE, HHEDHOES
BWETHAI. COXIBELA»SAIUL, BLZHEXTES S T Srravo AR GERTS S
3. COHLETE, TEEND ST THOTEEL DA IVEERITHEIDERD 541, Lorey O TIEHE S HE
ETED. CHUTL, Yo 2~ v ki3, MRS 21IKEP6E EOBEENT L, BiEoRmIZ

PBEA DT IR NEE S0 HROTHEHETAITd ey 2— Y » eIKTRWIETH 545, Straro
HTEWETRY, UL, BT 1 OHMTE AHESHCIET 5 &, Strane (700 BEOL
HTTUERDAENETNEIOPS, Ky F—) v eI BB EV TIPS Do

L Lisats, BIE, HATIR Alg K 28BSl omonss, Sgh LT 550
HE ST, Lichi-T, Strano HIEHHOZIEMNTEENL, Yy ¥ —1 v e ETHHEEHR
FELESEFTRE, TE BEEEL, /A £ (sr/gR T RUZRDRIEEN S0, L&
HREKE é.HMOME*L,%ﬁ%ﬁi(&i‘Mhﬁ)mibﬁﬁ%iwmﬁnﬁmémmﬁ,m

o8

N (3

(Y]
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FE R WG TIE, ZoMOELBEHLTHRLOOT, HERRMGHHIERSLL
25, BFRBEPTIRIIL > THIBLAESLLE LSS, TLENBETLINEMBEICIIEAELEEL
HOEOIRAEEL 1R -TH2 (Ao k5, HRKGETTE, SilEssdr), BissbnT
ELETADT, BHHEOMREINELEODOTEETH ). ZLHHMOBHRLENTS, 0%
SEREOMETIS, 79 v FRKBABERAETHS. S6iZ o/ KT ojg RED HIWLEET
iR offLd (Appendix 1, 2. 38R). CO LR EE&FRTNE L1HET. HEUERE
EFERNELEEAIE v Z2— ) v BB L D EUDHILE .,

FRITTay bF T Y Y IET oy b LAY YT VIOV THRANMCHRI LTA L 5. HREHN
EBNTR, ey by 7Yy /e, HENGRZEOBREEL, Lib, RAEDS oy 1T
i, LILTENMLT, ASESHEUROBGOA LD TEDT, RHFEDO oy FROREELZEDS
A Moy PEEATAEN TAYALRE WEFAv, K4y, AR PYTELENEE
(W >TETHWE: UL, ZOMES oy b b, FEOHED KD ZTHE—HTHMOLLLEL o,
BRIET BT oy FORESESTHA A, HRADK DK, HEOE(DZWHENSX 4« LET,
oy POBRENES T, WML ED 4 ~8HIC A — bR LTRELTH DT, RE
OF S, BERBKEFETa » PRETERWIELTEMUTENL L. DAy PV RBEREHDDTH
FITHY, WELRLT7 oy FEKILELEERO, b BAA, TOT ey b L ATLBHIRREC LD
ETTERNERLBIDT, TOLINEAINET vy bEELOTBZEENHVESD, oy b
ZEEE LT, FEOMEAELY L1dhBE LN, RbROFHELENOALLL 1Tk Seh s 5H
RS ERT T Straxe i, L1EOLTRBAL &I Uik, KIZEOHEER, BlEDLT
A, Ty b LAETRMEN LA BOFENREOOT NRMEERNT 5h, 23 & QITREDIETE
BHRTIEAEL, 7ov bLRELS oy MERERLA TG T v rETRESESELNE D,

¢ T U

1948%F, Birreruien bW By 2 — Y » b EHFEND S0 v b VRS VT v RN L TR
0FEDIICZDWEEFIBL T, WMli2 TEL, REDHHEHET 28 FkslkEh, Beck
FHbanTEx, —F, FAHRERBIYLE0L LT, FIA—Essep i, Steano EREHL TN, &

Zeo s — )y e EREHTHR SN, LIS, ThE b, WHREOMEMER UL,

THE, EARMNHEERROME, T 09 VLAY YT Y YD TRT I EATE AN E W
L, TNEDFIB LI, L2kEn3 ey bLAY Y Y v 7OHLELERL, —HARED, &
w2 —1Y v beik Ef—Essep ik, Strano 3, L1#k, L2372 ha B ) ok, MRIEEKE,
s, AR EOREHEN SAREOMEDT AR KWL L, SEEPiH®, SEENEED
—FHERARDITEELEA, HOTORABREONNTIELAT Lice L L0, fkpoidHis

1> T RRBRIC K B A D Z/T 5 3HIOLHAN S, ANl Gd s b G &R T 5
ZEHITKABEORME L TR EEMA LR, £, IMKEROANEBEMOEAEE EOBE, U
L5 EOBG HODRFS—ERE SO RN &M s ORFREMGR Lo SEWHH S LI

T Ui, BREERD 7oy ke oy b VRBENAOEMT L D EHEH L, 7o v b LR
BEERODATOB RS ICRLTT vy PEXOMENEZ DT, KT I 0y tORESHE
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BTHP LT EEEHL, DEOHEP R LAT Dy P LAEIENTH B4, HAROHN, kI
T ML ER SRRV AT o LA BH L.

ZOHSTERUAZ LB ILAENARNEINATE 0T, TL-BRTENTH IO 5H,
MABERR S STV ENTO AN 2 Ao BHRIVED oD EIC > EPENTH - 7288 7o F
fok, 19664EHY | MO MEHEIIRAD ¥ v Y o aBTUETHAE S N, —BID ¥ LD THEL
< DEHEPATITINT SR R4 | 52, DL T19674F 9 /) IUFRO 03 1418 3 2 v~ v K£D Proce-
edings iCHRL, X SICAEIT 4 3, FEHILCHOT—HANITICGER L, EHLEPL, 2ENKE
HEfL, MO ZF &M bDTH s,

B #
COWFETREAMBONL S, oy FvRY YT ) v rDTRTDHECET 5750k
ZED, TS0 T, HkhD, RESNTHE T 0w v 247U 2B T D HEORIE T
A EEZ, OB 2THOT oy b LAY YT Y Y FEREL, oy b v T Y v SETay b LA

FVTY VT DRBREETL - 1.

ELHT IZBT, 19484, W. Brrrernicn A%, Dby 2 — 1 o wikARE LT, #HAE%
HICEDEIIC L TH R LT 5 oA MR L, Sel—Essen 7, Strano (ENORBICOEHH L,
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DFED 4 FIZONTHRE L, Table 6 DEFLE Table 8O EF A DFEF G, Kerricn DEMES
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Theoretical Research on Plotless Sampling Methods

in Forest Survey
Eishoh Outomo’

Summary

In this research the author has formed a unified theory from the angle of sampling
theory, which holds good on all kinds of methods of plotless sampling. He has undertaken to
make clear various problems of plotless sampling that have been under discussion, and to
compare plotless sampling with plot sampling and, besides, has proposed two new methods for
plotless sampling.

In the introduction, the purpose of the research is stated, followed by an outline describing
how plotless sampling is gradually being popularized all over the world since the so-called
BitTereicu’'s method was announced in 1948 by W. Birtertics, and explaning the development
into Hirata-Esseo’s method and Stranp’s method.

In Chapter 1, the author introduces not only the details of plotless sampling including
Birteruice’s method, Hirata-Essep’s method and Strano’s method, but also the proof of each
method by each originator and the others. Especially, in this chapter, mention is made of the
angle-summation method by K. F. Stéur and the fact that BitTterrich,s method appeared in 1948
by developing the point density method proposed by S. Seurr which was thought out by
Birteriica himself at first, borrowing from a paper published in 1947 by Birteriich. For the
proof of Birteruicu’s method, the following enumeration is given: the proofs by BirrerLicn
himself; L.R. Grosensauvcu; L. Karsara; H. D. S. Fincu; K. Honpa and E. Ouartomo. As to Hirata-
Essen’s method, the proof by Hirata himself is explained, and the estimated value of the tree
height mean by this method appears the mean square proved in Chapter 3 by the author’s
general theory. As to Stranp's method, the proof by Birrteruicu is introduced.

Chapter 2 forms the genesis of this research. Let us assume that as stand area a, (j=1,
-+, V) shows some defined domain and each point in this domain has the value of %{ (=1,
-+, N) to N trees in the forest-stand having an area A (m?2). In this case, trees of any shape
will do if the boundary is clear in the field. By x, either one of the diameter of the tree, the
height, the basal area or the tree volume is meant, but when concerned with tree number,
x=1, As the result of considering N domains to N trees, one point on the stand is surrounded
by a few domains concerned. Now y; is considered to be equivalent to the sum of the values
given to one point in the domains concerned, that is

N i Xy
yk=2_;.—1 e @D
T1oa;

(8:; is 1 when the k%-th point is included in the domain which includes the
j-th tree. If not, 8;;=0. And so forth.)
If the whole forest area is divided into domains where each y; is equal and its area is

7a, the probability of yx to be selected is wa/A. From this it follows that the expascted value

X
ix

. . 7
of the estimator in Formula (2. 1) becomes — v shown as Formula (2. 4), so y; becomes

Received July, 6, 1971
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an unbiased estimator of sum of values of x per unit area. Therefore, Formula (2. 6) multiplied
by 10,000 is used for the total value per hectare. When x=g, the basal area factor (BAF) is
10,000 g;/a; in Brrreriicu’s method.

The variance of Formula (2. 1) is as follows:

v

N 3
1 J& 22 ¥ g (Exj)
g = et A BimXdm N1 LN
Var (yo) =—3 {21: ;TN v 2.13)

(wim is the area of the intersectional part of two domains of / tree and m tree.)

As proof of this, the mzthod by CornrieLp also produces the same result, Formula (2. 23).
Hereupon, the estimate of variance of mean is easily calculated by using a general statistical
theory as sampling from infinite population is considered. In order to estimate tres number,
however, the mean of inverse number should be calculated, so proof is given that the arithmetic
mean of inverse number is usually larger than the inverse number of arithmetic mean, first;
and then the author modifies a calculation table of tree number published by BirTeruica in the
case of rounded values of tree diameters, and makes out a calculation table of tree number
(Table 3), in both cases counting fractions of 1 cm and over as a whole number, and exclud-
ing those of less in Formula (2. 26), and of rounding downwards to thz nearest even cm in
Formula (2. 27). Moreover, as is proved, it is possible to calculate tres numbar in Hirata-
Esseo’s method and also make out a table of calculation of tree number by trez height (Formula
2. 28, Table 5).

Regarding the estimation method for average height and average diameter, the author
examines three kinds of cases to be considered by the regression method where a regression
line passes through the origin, namely, the ratio method (when variance of numerator is pro-
portional to the value of denominator, and to the square of denominator, and when it is con-
stant), and the logarithmic transformation method by J.E. Kerricu. Judging from the calcula-
tion of examples in Table 6 and models in Table 8, it is seen that mean squares error is least
in the method by Kerrici, but the ratio method bzing in general use is fit enough for practical
use. Furthermore, the result of experiment in Amagi national forest is shown in Table 9, and
illustration for examinations of these four methods in Figure 13~26.

As to the estimation of total basal area and volume of a forest stand, the formula of
population variance and the estimation of population variance, there is only one reseach reported
by -Patiey and Horwitz from an angle of theory of sampling survey. It is proved that the
result of this research is applied to some spzcific case in the author's general theory. While
he assumes that a whole stand area is divided into sub-sets where the same values are taken
and probability measures on sub-sets are defined, and sampling is considered from an infinite
population, they present the estimation formulae of stand-volumsz and basal area from the start
taking L/K? as basal area factor (B AF). Thus, there are some differences between their
methods and the author’s.

In chapter 3, the author applies his1 general theory of sampling to Birteruicn’s method,
Hirara-Essep’s method and Strann’s method, and proposes two new methods by developing and
improving Straxp’s method.

If a horizontal visual angle is 2a in Birteruica’s method, it corresponds to a special case
in the general theory: a¢;=g; cosec’e and BAF is sin%ex10,000. When radius of enlarged circle

of l-tree and m-tree are » and R, and the distance between central points is:

aim =r2cos-1ﬂ2’2—;@“!+ R”cos“%-& —%V"Z(dﬂrﬂ-i- @R+ IR — (dS+ri+ RE) - (3. 1)
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As examples, the forest stands in Takahagi and Amagi are described, examined, and a com-
parison of true values with estimated value made; but both stand areas are small, so the
estimated values are smaller than the true values owing to the edge-effect, which happens
often in forests having small areas (Cf. Table 10 & 11). In addition, the author completes the
estimation formulae for tree number, stand basal area, stand volume, cylindrical volume of the
stand, average tree height and average tree diameter in Formula (8. 3) to (3. 9).

HiraTa-Essep’s method is published as the method for estimation of average tree height,
where visual angle is 8, then average tree height becomes «@;=whj;%cot?s in Formula (2. 1).
Hirata-Essep’s height can be proved to be an extracted value of the square root of mean of
squares, and the formulae for the estimation of variance are shown with examples. Through
his general theory the authcr explains that it is possible to obtain not only the mean square
value of tree height but also any kind of stand factors even in Ilirata-Essen’s method as in
Birterricn’s method, and shows the estimation formulae and how to calculate variance in For-
mula (3. 16) to (3. 23).

The estimation formula for Xgh by Strano is a;=57/;/2 in Formula(2.1) and that of Sg
is a;=5wd;{2 in Formula (2. 1). When applying stand form factor calculated by yield tables,
the estimation of stand volumes by Strano’s method is over-estimated because Sgh—Ai2g>0.
Mean height by Straxp’s method is equal to the Lorer’s mean height and two examples of
survey for Straxp’s method are given. Further, the author examines Strano’s method through
his general theory and proposes two new improved methods. In those two new methods, the
length of a line is not 57wm in Stranp’s method, but an arbitrary length. In the 1st method of
improved Stranp’s method, cot=1/2 is considered as the visual angle as in Stranp’s method,
and “Conometer’” invented by HiraTa is usad as a utensil. In the 2nd method of improved
Stranp’s method, survey by Birreruica’s method is done walking on a line. a; is £;//2 (m?) in
the 1st method and djl-coseca200 (m?) in the 2nd method, so the general theory can be applied
as it is. Various estimators for stand factors are shown in Formula (3. 36) to (3. 41), Formula
(3. 42) to (3. 47). Multipliers which meet the length of line () and fixed angle (8) in the 1st
method are shown in Table 15, and Table 15 and Table 16 for that which meet the length of
a line and BAT in the 2nd method. The tables for calculation of tree number are also shown
in Table 16 and Table 18. ’ )

Next to be examined and compared are the plotless sampling methaods to Cryplomzria forest
stard in Amszgi and pine stand in Takahagi. There is little to choose between Birrerricu’s
method and Stranp’s method as the estimation method for stand volumes by stand ferm factor,
but it secms that Stranp’s method is somewhat preferable because only measurement of diameter
is required. When ccmperirg the Ist methed of line sampling with the 2nd method, the 1st
methed is more than a match. As the result of examination in the same examples by adopt-
ing Birteriicn’s method s the most important method in point sampling, and the 1st method
of improved Strand’'s method &s the most important method in line samling, for the reason that
there is no stand form factor table for Xgh now, and all kinds of values of factors necessary
for forest management planning can be calculated, Birrerricn’s method is superior in Takahagi
(Table 20 & 21), and the 1st sampling of line set in direction of east and west has a good result,
contrary to expectaticn in Amagi. At the end, another estimation method for stand volumes with
the aid of vield tables is described, giving actual examples by data in Brrreriice’s method and

the 1st method of line sampling. It results in little difference between Birreriica’s method and
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the 1stmethod. Table f&, fg and v/d which are necessary for the estimation of stand volumes are
given as Appendix 1, 2 and 3.

In Chapter 4, various problems in plotless sampling are treated. Regarding slopover bias
caused by edge-effect which has been widely criticized, the author proposss two modification
methods describing actual examples, In the first modification method, a-method, the area which
diameter is a distance between tree and forest border is a; in Formula (2. 1) as an enlarged
circle, and in the 2nd method, b-method, a; is the area of enlarged domain in the stand.
.Unbiased estimates can be calculated by either method.

In Brrteriick’s method, these two methods are applicable. a-method is practiced easier than
b-method in the field, but a-method has the fault that variance is large. In surveying a large
area, a-method seems more effective and a table of BAF is shown as Table 4 in accordance
with the diameter and distance of tree. In b-method, the formulae for calculating enlarged
circle within the stand edge are described in Formulae (4. 1), (4. 2), (4. 3), (4. 4) and (4. 5)
in two cases: one is when enlarged circle is cut by one border line, arnd the other by two
border lines. As the result of comparison among cases adjusted by a-method, b-method and
case without adjustment, the results of the case with adjustment are very desirable (Table 28).
The author introduces and criticizes methods by Masuvama, Kiramura, Haca-Maezawa, Grosensave,
Barrer and Beers as adjustment methods. Among those, the method by Bsers has some mis-
takes. In the method by Grosensavch, @; in Formula (2. 1) is changeable in order to make
survey convenient as in the method by the author, but a; is not changeable in other methods,
so BAF is constant. In the 1st method of line sampling, a-method and Grosensaven’s method
are applicable. In case that line protrudes the border of forest stand in line sampling, the part
which corresponds to the length of protruded line segment is surveyed by turning back.
Therefore, as a natural result, some trees are counted twice, and this should be taken into
account as estimator redundancy. With the variation of B A F, population variance undergoes
a change, and it is proved theoretically that variance becomes small as domain given to a tree
becomes large in any point or line sampling:--- Formula (4. 12), (4. 15) and (4. 16). By
showing actual examplss in Amagi forest and thosz by E. Prricsei, and further, using four
trees as models, the author calculates the population variance when B A F’s are 1, 4, 16 and 32
in BrrterLick’s method, and when the lengths of lines are 20, 15 and 10m in the 1st method of
line sampling (Table 36 & 37). In the 1st method, sampling of one side, 20m, is a little more
precise than that of 10m both sides. On investigating variance of Brrreriick’s method having
slopover bias, variance adjusted by a-method and b-method in the lst method of line sampling
verifies that the above conclusion is correct.

Regarding an influence of sociability on variance, it is small if trees grow uniformly
compared with those that grow thick. The above-mentioned is proved theoretically by Formula
(4. 17), and variances calculated when distance among trees are shortened 1/3 and 2/3 in both
cases: Birreriicn’s method and the 1st method of line sampling (Table 43 to 47).

Next, using four trees as models, it is described theoretically and proved that relative
variance becomes larger even though variance becomes smaller as the area in forest having
the same structure becomes larger (Table 48 to 51).

Following this, calculation is made of the average bias when there is a point in point
sampling falling in a tree stem itself and no heed is paid to it, and expressed by Formula (4.
21): bAnd it is out of the practical question even when no heed is paid.
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In Chapter 5, the author deals with the comparison between plot sampling and plotless
sampling. First, circular plot sampling with replacement is considered in such a special case
as plotless sampling in which the area of enlarged circle is the same, and at the same time,
the estimation for the averages of various factors and population variances and the formulae
for population variances are shown.

Next, after comparing plotless sampling with plot sampling, Birreriicy,s method is dealt
with as representative of the former and examined in respect of precision and efficiency.
BirrerLicn’s method is probability sampling proportional to the basal area, and the basal area
has correlation to diameter, tree height, volume, so precision and efficiency in BirTeruicu’s
method seems higher than in circular plot method for estimation of them. When comparing
variance estimator in Formula (5. 3) with that in Formula (5. 4), however, we can not always
say so because a;, relates to the distance between trees, diameter of tree, size of the given
domain, and against that sum of cross product in the second term of Formula (5. 3) stay
within each circle, the sum of cross product in the second term of Formula (5. 4) has no limit.
Here, description is given of the results of tests in Ohtawara national forest and in Yoshimuta
national forest by Takapa, by C. L. Kirsy in the U. S. A, by Grosensavcu in the U. S. A, by
R. H. KenparL and Sayn-Witcexstey in Canada, by M. Aranasiev in the U. S. A, by V. ]J. Cuacxo
and 2 others in India and by Y. Vvokira in Finland (Table 52 to 56). What they conclude is
that Brrreruicn’s method is a little inferior to circular plot method in precision, but it is
superior in efficiency because it is not time-consuming in survey and it saves labor. However,
it is not appropriate for comparison as the area of a circular plot adopted by them is much
larger thant he corresponding B A F.

Therefore, the author examines the Cryptomeria forest and Chamaecyparis forest in Ohtawara
he surveyed since plot area and B A F correspond with each other. As the result of this it was
found that Birreriicn’s method is not always inferior in precision, and it is possible to say that
plotless sampling not only saves time, labor and expenditure in surveying the forest of large
area, but also has high efficiency and precision is equal to circular plot sampling when their
sizes are approximately the same. In forests of less than 5 ha, however, plotless sampling is
not desirable because slopover bias bears and adjustment is required, but of course, much
depends on the condition of forest border. In forests of over 10 ha, a very effective plotless
sampling is possible because modified value is almost the same as value without modification
(Table 52).

In this research, the author sets up a unified theory on plotless sampling, deriving popula-
tion variance formula and solves many hitherto unsolved problems and also presents new
information. Given as appendices are Table fg, fi and v/d for Cryptomeria, Chamaecyparis, pine
and broad-leaved trees in the Kanto Region, and a table for quick calculation when a-method
is used in order to modify slopover bias.

In conclusion, the author would like to add that this paper is a result of detailed study of the
subject in the paper published in the proceedings of International Forest Reseach Organizations
Miinchen Congress.
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D
. 6 8 o | 12 | 14| 16| 18| 20 | 22 22| 26 | 28 | 3 | 32
2\ 1
3 1.7 ! L
4 | 23| 22| 2.0
s | 29| 28| 25| 2.7 26
6 | 35| 3.4| 3.2| az2| a1l 31| 30, 3.0 29
7 | 2| 40| 27| 38| 3.7 36| 3.5 3.5| 3.4 |
8 | «9| 44| 42| 43| 42| 41| 40’ 40| 3.9
9 | 5.3| 5.0| 4.8| 4.9| 47| 46| 46 45| 2.z 44| 43| 2.3| 4.2
10 | 60| 56| 54| s.4f 53| 5.2 5.1 5.0| 49 49| 48| 47| 47
11 6.2| 5.9| 5.9| 5.8| 5.7} 56| 55| 5.41 53| 5.3| 53| 53! 5.4
12 6.8| 6.5| 6.5| 6.3| 6.2| 61 60| 5.9, 58| 58| 57| 57| 5.8
13 4| 70| 7.0 69| 6.7 €6 6.5 6.4} 6.3| 6.3| 62| 62| €3
14 8.0| 7.5| 7.6| 7.4| 7.3| 7.1 7.0| 6.9 68| 6.7 6.7| 66! 68
15 8.5| 8.2| 8.1| 79| 78| 7.6| 7.5| 7.¢| 7.3| 7.2| 71| 71| 7.2
16 8.7| 8.7| 8.4| 83| 81| 8.0| 7.9| 7.8| 7.7| 7.6| 7.5| 7.7
17 9.3| 9.2| 9.0| 88| 86| 85| 84| 83| 6.2| &1 8.0/ 81
18 9.8 9.7| 9.6| 9.3| 9.2| 9.0| 89| 88| 87| 56| 85| 8.6
19 104 10.3|10.1} 9.8 7| 95| 9.4| 9.3| o.2] 9.1 g0l 9.0
20 1.0 10.9]10.6[10.4]10.2]100| 9.9} 9.8| 26| o5 94| 9.4
21 10.9 | 10.7 | 10.5 | 10.4 | 10.3 | t0.1 ] 10.0| 9.2| 9.8
22 ] 1.4 11,2 | 11,0 | 10.9 | 10,7 | 10.6 | 10,5 | 10,4 | 10.2
23 \ 1.9 | 1.7 | 116 | 1.4 | 1.2 | 11.1 | 11,0 | 10.9 | 10.7
24 | 12,5 12,3 | 12.0 | 1.9 | 1.7 [ 116 | 115 | 1.3 | 11,1
25 ! 13.0 12.8 | 12.6 | 12.4 | 12.2] 12.1 | 11.9 | 1.8 | 11.5 -
26 13.1 12,9112, 7| 12.6 | 12.4]| 12,21 12,0
27 13.6 [ 13.4 | 13.2 ] 13.1 [ 12.9 | 12,6 | 12.4
28 - \ 14.113.913.7 | 13.5 | 13.4 , 13,1 | 12.8
2 \ 14,6 | 14.4 | 14,2 | 14.0 | 13,9 | 13.6 | 13.2
30 14.5 | 14,4 | 14,0 | 13,6
31 ‘
32 |
33
34 ‘
35 |
36 1
37 |
» |
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12,3 12,2122 121 19016 14l iz | 10.9]10.7 | 10.6 ]| 10.4 | 10.3 27
12.7 | 12,6 | 12,6 12,6 12,3 12,1119 | 1.7 [ 11,5 | 1.3 | 11 | 1.0 0.8 | 10.7 28
13.1 13,0130 12.9 [ 128|125 | 1223 | 121 1 1.9 | 1.7 [ 11.e Lina iz 11| 20
13.5 [ 13.4 | 13.4 | 13.3 [ 13.3 | 18.0 | 12.8 | 12.6 | 12.4 | 12.2 | 12,0, 11.8 . 1.7 | 11.5 | 30
13.9 (| 13.8 | 13.8 | 13.7 | 13.7 | 13.5 | 13.3 13.0| 12.8 | 12.¢6 | 12.4 12.3 (12,1 | 11,9 31
1431142 | 142 | 1201 [ 1401 [ 1400 [ 13,7 125 (13,3 131 12,9 | 127 [ 125 1123 | 32
14.7 | 14,6 | 14.6 | 14,5 | 14,6 | 14.4 | 14,2 ] 13.9 [ 13.7 | 13.5]13.3 | 13.1 | 12.9 12.8 33
15,1 14,9 | 14,6 | 14.4 | 14,2 | 13.9 | 13.7 | 135 | 13.3 | 13.21 34

15.1 | 14.8 | 14,6 | 14.4 | 14.2 | 14.0 | 13.8 | 13.6 35

15.1 | 14.8 | 14.6 | 14,2 | 14.2 | 14.0 36

15.0 ' 14,8 | 14.6 [ 14.4 | 37

15.0 | 12.8| 38
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Appendix 1—2. B¥Ee/+ vjg &
: 6 8 10| 12 ] 14l 16 18] 20| 22| 24, 2| 28| 3| 32
H
3l s
4 | 23| 2.2 2.3
5 | 29f 2.8) 2.8| 2.4| 2.3
6 | 3.4 34| 33 29| 2.9| 2.8 2.8] 2.8 2.5
7 | 39 38| 38| 35| 3a.4| 3.4 3.3| 33| 3.0
8 | 4.6| 4.4| 43| 41! 40| 3.9] 3.9 38| a5 ‘
9 49| 5.0 4.8 4.6 4.5| 4.5| 4.4, 4.3} 41' 40( 3.9, 3.8 3.7
10 | 57| 5.4 5.4 5.2 5.1 501 4.9| 4.9| 46| 45| 44| 43| 42
n ! eol| 6ol 59| 57| s5.7| 5.6 55| 5.4] 5.1 50| 4.9] a8| 47| 46
12 6.4] 6.2| 6.4| 6.2| 6.1 6.1| 6.0| 5.7| 55| 5.4| 53| 52| 5.1
13 7.0 6.8| 7.0| 6.8]| 6.7| 66| 6.5| 6.2| 6.1| 6.0| 5.8| 57| 5.6
14 7.4| 7.8 75| 7.4 7.3| 7.2| 7.1 68| 6.6 6.5| 6.3| 6.2| 6.1 |
15 g.o| 7.8 81| 8o| 79| 7.7] 76| 7.4| 7.2 70| 69| 67| 6.6
16 8.3| 8.8' 8.6| 8.4| 8.3 8.2| 80| 7.8] 7.6| 7.4 7.3| 7.2
17 8.8| 9.4| 9.2| 9.0| 8.9 88| 8.6' 83| 82| 8.0 78! 7.7
18 9.2110.0| 9.8| 9.6 9.5| 9.3| 9.2 89| 87! 8.5, 84/ 8.2
19 9.7 10,6 10.4]10.2 10.1] 9.9] 9.8| 95| 9.3 9.1 89| 8.7
2 10.2 | 11.2 11,0 10.8 | 10,6 | 10.5 [ 10.4|10.1] 9.9| 9.6| 9.5| 9.3
21 L4121l 1of0.7 | 10.5]10.2]|100] 9.8
22 1220 | 11.8 | 11.6 [ 11.6 | 11.3 ! 11.0| 10.8 | 10.6 | 10.4
23 12.6 | 12.¢ | 12,2 12.2 [ 11,9 | 1.6 | 11.4 | 11.1 | 10.9
24 13,2 13.0 1228 [ 12.8 12,5 [ 12.2 1 12,0 | 11,7 | 11.5
25 13.8 13.6 | 18.4|13.5 13,1} 12.8 12,6 | 12,3 | 12.1
26 14,0 | 141 113.7 [ 18.4 [ 13,1 112.9 | 12,6 |
27 14.6 [ 14.7 | 14.¢ | 14,0 | 15.7 | 13.5 | 13.2
28 15,2} 15.4 | 15,0 14.7 | 14.3 | 14.0 | 13.8
29 15.8 | 16.0 | 15.6 | 15.3 | 14.9 | 14.6 | 14. 4
30 15.9 | 15.5 | 15,2 | 15.0
3l
32
33
34
35
36
37




HERAZIKEBI D7 0w P LRF VT Y SOEBIIBIR (KE) —139 —
EsF (M7 7. 002y, 5=, 57— 82w, ZOLEER
| < [
34 36 | a8 40 42 44 46 | 48 50 52 54 56 | 38
.~ H
[
4
3
6
7
8
9
10
4.5 4,5 4,4 4.3 ! 11
5.0, 4.9| 49| 4.8 12
5.5, 5.4( 53| 5.3 13
6.0| 5.9| 5.8 5.7| 5.6 14
6.5| 6.4| 63| 6.2| 6.1| 6.0| 6.0 15
7.0] 6.9| 6.8 6.7| 6.6| 6.5| 6.4| 6.4 6.3 16
7.5 7.4 7.3| 7.2| 7.1| 7.0| 6.9 6.8| 6.7 6.7 | 6.6 D17
8.1 7.9| 7.8| 7.7| 7.6| 7.5| 7.4 7.3| 7.2| 7.1| 7.1| 7.0]| 6.9 18
8.6 | 8.4 83| 8.2 8.1| 8.0 7.9| 7.8| 7.7| 7.6| 7.5| 7.4 7.4 19
9.1| 9.0| 8.8 8.7| 8.6| 85| 8.4! 8.3| 8.2| 81| 8.0| 7.9 7.8 20
9.7 9.5| 9.4 9.2| 9.1 | 9.0| 89| 8.7| 8.6| 85| 8.5| 8.4 8.3 21
10.2 | 10.0 9.9; 2.7 9.6 | 9.5 9.4| 9.2| 9.1| 9.0| 8.9| 8.8 8.7 22
10.8 | 10.6 | 10.4 . 10.3 | 10.1 | 10.0]| 9.9| 97| 9.6 9.5 9.4| 9.3| 9.2 23
1.3 1.1 | 11.0 l 10.8 | 10.6 | 10.5 | 10.4 | 10.2 | 10.1 | 10.0| 9.9| 9.8| 9.7 24
11,9 10,7 | 11,5 11.3 | 11.2 | 11.0 | 10,9 | 10.7 | 10.6 | 10.5 | 10.4 | 10.3 | 10.2 25
1241 12,2 1201 11.8 | 11.7 | 1.5 | 11,4 | 11.2 | 11.1 | 11.0 | 10.9 | 10.8 | 10.6 26
130 12.8 | 12.6 | 12,4 | 12.2 | 12.0 | 11.9 | 11.8 | 11.6 | 11.5 | 11.4 | 11.2 | 11.1 27
13.6 1 13.3 [ 13.1 ] 12,9 | 12,7 [ 12.6 | 12,4 [ 12.3 | 12.1 | 12,0 | 11.9 | 11.7 | 11.6 28
14,1 1138.9 [ 13.7]18.5 | 13.3 | 13.1 | 12.9 | 12.8 | 12.6 | 12.5 | 12.4 | 12.2 | 12.1 29
14,7 | 14,5 | 14.2| 14.0 | 13.8 [ 13.6 | 13,5 | 13.3 | 138.1 | 13.0 | 12,9 | 12.7 | 12.6 30
15.3 | 15.0 { 14.8 | 14.6 | 14.4 | 14.2 | 14.0 [ 13.8 | 13.7 | 13.5 ] 13.4 | 13.2| 13.1 31
15,9 15.6 [ 15.4 | 15,1 | 14.9 | 14.7 | 14.5 | 14.3 | 14.2 | 14.0| 13.9 | 13.7 | 13.6 32
16.4 | 16.2 | 15.9 1 15.7 | 15,5 | 15.3 | 15.1 | 14,9 | 14,7 | 14,5 | 14.4 | 14.2 | 4.1 33
16.0 | 15.8 | 15.6 [ 15.4 | 15.2 | 15.1 | 14.9 | 14.7 14,6 34
16.1 15,9 15,8 | 15.6 | 15.4 | 15.2 | 15.1 35
16.3 | 16.1 | 15,9 | 15.8 | 15.6 36
16,4 | 16.3 | 16.1 37
16.6 38
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Appendix 1—3.
D |
N £ 6 8 10| 12 | 14 16 | 18 | 20 | 22 | 24 | 26 | 28 | 30
H |
4 | 2.4 23| 2.2| 2.2| 2.0| 2 2.0 1.9
5 30 28| 28| 27| 26| 2 25| 24| 2.4 22| 2.3| 2.3
6 | 3.6 3.4| 32| s.2| 31| a1 30| 29| 29| 28| 28| 28| 27| 3.0
7 | 42 39| 3.8! 37| 36| 3.5 35| 3.4| 3.4| 3.3| 3.3| 3.2 3.2 3.4
s | 4.8 46| 4.4 42| 4.2| 40 40| 39| 3.9| 3.8| 3.8| 3.7 3.7 | 3.9
9 | 5.4] 49| 50| 4.7| 4.6| 45| 45| 44| 43| 43| 4.2] 4.2 41| 4.3
10 | 60! 57| 5.4 5.4f 5.1 | 5.1 5.0 49| 48| 27| 4.7 | 4.6 4.6 4.8
11 | 6.6 6.4| 60| 59| 5.7| s.¢| 55| 54| 5.3] 52| 5.2| 5.1 51| 52
2 | 7.1 67| 6.6 6,4] 6.2| 6.0| 6.0| 59| 5.6| 5.7| 5.6| 5.6 | 55| 5.6
13 | 7.8' 7.4| 7.2| 6.9 6.7| 6.6| 65| 6.4| 6.3| 6.2| 6.1| 6.0 | 6.0]| 6.1
14 7.8| 7.6 7.45 7.3| 7.1 7.0| 6.8 6.7| 6.7| 6.6| 6.5 | 6.4 6.5
15 8.5| 82| 7.9 78| 7.6| 7.5| 7.3 7.2| 7.1| 7.1| 7.0 6.9 6.9
16 8.7| 85, 83| 81| 80| 7.8" 7.7| 7z.6! 7.5| 7.4 | 7.4 7.3
17 9.3| 9.0| 8.8| 8.6 85| 83" 8.2| 81| 80| 7.9| 7.3 7.8
18 0.6 | 9.3| 9.1| 9.0] 8.8 8.7]| 26| 85| 8.4 8.3 8.2
19 L 9.8 9.6| 9.4| 9.3 9.2 9.1 89| 8.8 88| 8.6
20 l10.3]10.1] 99| 9.8, 2.6| 9.5| 9.4| 9.3 | 9.2| 9.1
21 10,9 10.7 | 10.4 [ 10.3 10,1 [ 10.0| 9.9| 9.8 | 9.7 | 9.5
22 11.2]10.9]10.8 | 10.6]10.5 10.3]10,2|10.1 | 9.9
23 | 1.6 | 11,4 | 11.3 | 11.1 | t1.0 10.8 ' 10.7 | 10.6 | 10.3
24 ‘ 12,2 11,9 11.7 ; 11.6 | L1.4 11,3 11,2 [11.1 10,7
25 12,71 12.4 (12,3 12,1 | 11.9 11,8 11.é6 [ 11.é | 1L, 1
26 12,6 | 12.4 + 12,2 D121 | 12.0 | 116
27 12,9 ' 12.7 | 12,6 | 12.5 | 12,0
28 13.4 ' 13.2 \ 13.1 | 12.9 | 12.4
29 f 13.6 13.5 | 13.4 | 12.8
30 13.9 | 13.2
3l \ 14.3 | 13.7 |
32 l : [
33
34
35
36
7 |
38
39
40




BHRABCBITE 7 00 P LR YTV SOMRNITE (K — 141 —

Ed7H=Y vlig &

32 34 36 } 38 ’ 40 42 Il‘ 44 46 48 50 52 54 56 58 JD
. H

| | N
! 5
3.1 33| 3.3' 3.2 6
3.61 3.7 37 3.7, 3.5| 3.4 3.4 7
40, 4.2| 41 41| 4.0 3.8| 3.7 3.7 8
45 4.6| 45| 45| 4.4 4.3 42! 41| 4a1] 41 9
49 5.0 29| 29| 48| 47| 45 45| 45| 45| 4.5| 4.5 10
5.3! 5.4| 53| 53| 5.2| 5.0 49| 49| 29| 49| 4.9| 4.9| 49| 4.9 | 11
5.7 &5.8! 57| 57| 5.6| 54| 53, 53] 53 53| 53, 53| 5.3| 53! 12
6.1 6.2 61| 61| 60| 68| 57, 56| 56| 56| 56| 56| 56| 56 13
6.5 65| 65| 6.5| 6.4| 6.2 6.1| 6.0| 6.0 6.0| 6.0| 6.0| 6.0, 6.0 14
6.9 69| 6.9 6.8 6.7 6.5| 6.4| 6.4| 6.4 6.4 6.4| 6.4| 6.4| 6.4 | 15
7.3 7.3 7.2 72| 7.1) 6,9| 6.8| 6.8| 6.8| 6.8, 6.8| 6.8| 6.8] 6.8 | 16
7.7 7.7 7.6 7.6 | 7.4 7.2 7.2 7.2 7.2 7.2{ 7.2 7.2 7.2 7.2 17
8.1 80| 80| 7.9 7.8| 7.7 | 7.5 7z.5| 7.5| 7.5, 7.5) 7.5| 7.5| 7.5 | 18
8.5 8,4 83| 83| 82| 80| 7.9{ 7.9| 7.9| 7.9 7.9| 79! 7.9 7z.9| 19
8.9| 8.7] 8.7| 86| 86| 84! 8.3 8.3’ 8.3| 8.3| 83| 83! 83| 83| 20
9.3" 9.1 9.0 9.0 89| 87| 8.6| 86| 8.6| 8.6| 8.6| 86| 86| 8.6 21
9.7 9.4 9.4( 9.3, 9.3| 9.1 9.0| 9,0 9.0| 90| 9.0| 9.0| 9.0| 9.0 22
1000 9.8" 9.7| 9.7 96| 9.4 94| 04| 9.4 9.4| 94| 9.4| 04| 9.4 23
10.4]10.1 | 10.1 10,0 10.0| 9.8 97| 97| 97| 97| 97| 9.7| 97| 9.7 | 24
10,8 | 10.5 | 10.4 | 10.3 10,3 10.1 | 0.1 | 10,1101 [ 10.1|10.1]10,1]|10.1]10.1 | 25
11.2110.8 | 10,7 | 10.7 | 10.6 | 10.4 | 10.4 | 10.4 | 10.4 [ 10.4 | 10.4 | 10.4 } 10.4 | 10.5 | 26
1.6 | 11,1 1 11.1 | 11,0 | 11.0 | 10.8 [ 10.8 | 12,8 | 10.8 | 10.8 | 10.8 | 10.8 | 10.8 | 10.8 27
1,9 L5 1 |13 [ 13 122 |z w222 |22 1.2 28
123 | 1.8 [ 11,7 | 11,7 | 1.6 | 11,5 | 11,5 [ 11,5 | 11,5 [ 11,5 [ 11,5 [ 11.5 | 11.5 | 11.5 | 29
127 [ 12,1 [ 120 | 1220 [ 1.9 | 1L9 | 11,9 [ 1.9 | 1.9 [ 1.9 | .9l 1.9 |11.9]11.9 | 30
13,0 12,5 [ 12.4 [ 12.3 | 123 [ 12.2 | 12,2 (12.2 | 12,2 | 12,2 [ 12.2 | 12.2 | 12.2 | 12.2 | 3:
12,7 1 12,6 | 12.6 | 12.6 | 12,6 | 12.6 | 12.6 | 12.6 | 12,6 | 12.6 | 12.6 | 12.6 | 3z
12,9 129 1 12,9 12,9 | 12.9 | 12.9 | 12.9 | 12,9 | 33
,13.3113.313.3]13.3[13.3| 34
: 1 35
‘ ‘ 36
‘ a7
38
‘ 39
{ , 40
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Appendix 1—3. (2-3%) (Continued)

RS TIEAE

%241 &

\D‘ 60 62 64 66 68 70 72 74 76 78 80

H
4
5
6
7
8
9
10
11
12 5.3| 5.3
13 5.6 5.6{ 5.6| 5.6 5.6| 5.6| 5.6
14 6.0 6.0 6.0 6.0| 6.0| 6.0| 60| 6.0| 6.0/ 6.0| 6.0
15 6.4 6.4 6.,4| 6.4 6.4| 6.4 6.4| 6,4 6.4 6.4 6.4
16 6.8 68| 6.8| 6.8 6.8| 6,8 6.8| 6.8 6.8 6.8 | 6.8
17 7.2 7.2 7.2 7,2 7.2| 7.2, 7.2| 7.2| 7.2| 7.2 7.2
18 7.5} 7.5 7.5| 7.5 7.5| 7.5| 7.5 7.5| 72.5| 7.5 7.5
19 7.9 7.9| 2.9 7z.9 7.9 7.9 7.9 7.9 7.9} 7.9 7.9
20 83| 8.3| 83| 83| 83| 83| 83| 83, 83| 83| 83
21 8.6 8.6| 8.6| 86| 86| 86| 85| 86| 8.6 €6| 8.6
22 9.0y 9.0| 9.0| 9.0 9.0| 9.0| 90| 90| 90| 9.0! 9.0
23 9.4 9.4 9.4| 9.4 9.4 9.4 9.4 94| 94| 9.4 9.4
24 9.7 1 9.7 9.7 9.7 9.7 | 9.7| 97| 97| 97| 9.7 9.7
25 10,1} 10.1]10.1 | 10.1 { 10.1 | 10.1 ] 10.1 {1 10,1 | 10.1 ; 10.1 | 10.1
26 | 10.4}10.5| 10,5 10.5|10.5} 10,5 | 10.5 [ 10.5 | 10.5 | 10.5 ] 10.5
27 10.8 | 10.8 [ 10.8 | 10,8 | 10.8 | 10,8 ! 10.8 | 10.8 | 10.8 | 10.8 | 10.8
28 |12 1212121221212 1,211,212
29 [11.5]11.5{ 11,5 11.5 [ 11.5 | 11,5 | 1.5 [ 11.6 | 11.5 | 1.5 | IL.§
20 [ 11,9 11,9 11.9| 11.9 | 11.9 | 1.9 | 1L.9 | 11.9 1 11.9 | 11.9 | L1L.9
31 12,2 112,21 12,2 (12,2 12,2 | 12.2 | 12.2 12,2 | 12.2 | 12.2 | 12,2
32 [12.6 12,61 12,6 | 12.6 | 12,6 |12.6| 12.6 | 12.6 | 12.6 | 12.6 | 12.6
33 |12.9(12,9 12,9 (12.9]12.9(12.9]12.9]12.9| 12,9 | 12.9] 12,9
34 |13.3!13,3|13.3{13.3|13.3[13,3}113.3|13.3[13.3(13.313.3
35 |13.613.6|13.6113.6|13.6|13.6|13.6 {13.6|13.6 | 13.6 | 13.6
36 14.0 | 14.0 | 14.0| 14,0 | 14.0 | 14,0 | 14,0 | 14.0 | 14.0
37 14,3 | 14.3 ] 14,3 | 14,3 | 14.3| 14,3 | 14.3 | 14.3
38 14.6  14.6 | 14,6 | 14.6 | 14.6 | 14.7
39 15,0 1 15.0 | 15.0 | 15.0
40 15.3
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Appendix 1—4. BHEEHR v/g &
\D
6 8 10 { 12 | 14 | 16 | 18 [ 20| 22| 24 | 26 | 28 | 30 | 32
H N

3

4 | 20| 1.9] 1.8

5 2.5 2.4| 23] 2.2 2.2| 2.

6 | 3.1| 30| 28| 2.7 2.7| 26| 2.6| 2.5

7 1 25| 34| 33| 3.3 a.2| 31| 30| 3.0

8 | 42| 40| 38| 3.7| 3.6| 36| 3.5| 3.4 3.4| 3.3| 33| 33| 3.2

9 | 49| 46| 45| 4.2| 4.2 41| 40| 39| 3.9 38| 3.7 3.7] 3.7

10 5.3 5.2 5.0 4.8 4,7 4.6 4.5 4.4 4.3 4,3 4,2 4.2 4.1

11 | 60| 5.8| 5.5| 53| 5.2| s.1{ 5.0 4.9| 48| 4.8 47| 46| 2.6| 4.5
12 | 6.7| 6.2| 6.0} 58| 57| 56| 55| 5.4| 53| 52| 52| 51| 50| 50
13 6.8| 6.6| 6.4| 6.2 6.1| 6.0| 5.9| 5.8| 57| 56| 56| 55| 5.4
14 7.4| 7.1| 6.9| 6.8| 6.6| 6.5| 6.4| 63| 6.2| 6.1| 6.0| 6.0 5.9
15 7.8| 7.5| 7.3| 7.1| 7.0| 69| 6.8| 6.7| 6.6| 65| 6.4| 6.3
16 e.3| s.0f 79| 77| 7.5| 7.4| 7.3| 7.2| 7.1| 7.0| 6.9 6.8
17 8.6| 8.4| 82| 80| 7.9| 78| 7.6| 7.6| 2.5| 7.4 7.3
18 9.1| 8.9/ 87| 3.6| 84| 83| 82| 80| 7.9| 7.9 7.8
19 95| 9.2| 9.1| 89| 8.8| 8.6 85| 8.4| 83| 8.3
20 10,0 9.8| 9.6 | 9.4| 9.3| 9.2| 9.0| 8.9| 8.8 8.7
21 10.3 | 10.1|10.0| 9.8| 9.7| 9.5 9.4f 9.3| 9.2
22 10.9 | 10.6 | 10.5 | 10,3 | 10.2 | 10.0 9.7 9.8 9.7
23 1.2 | 11,0108} 10.7 | 10.5]10.4|10.3 ] 10.2
24 1.7 [ 11,5 | 11.3 [ 11.2| 11.0 | 10.9 | 10.8 | 10.7
25 12,1 | 11,9 1.7 | 11.5 | 11.4 | 11,3} 11.2
26 12,6 | 12.4 | 12.2 | 12.1 | 11.9 | 11.8 | 11,7
27 12,91 12,7 1 12,6 | 12,4 | 12.3 | 12.1
28 13.4 | 13.2 | 12,1 (12,9 | 12.8 | 12.6
29 13.8 | 13.6 | 13.4 | 13.3 | 13.1
30 14.3 | 14.1 ] 13.9 | 13.8 | 13.6
31
32
33
34
35
36
37
38




— 144 —

Appendix 1—4. (2-3%) (Continued)

HESBRETAGS #o15

P 34 36 38 40 42 44 46 48 50 52 54 56 S8 60
H |

3

4

S

6

7

8

9

10

11 4.5 4.4 4.4 4.4] 4,3] 4.3 .3

12 4.9] 4.9 4.8 4.8| 4.8| 4.7 | 4.3

13 5.4 5.3| 5.3| 5.2 5.2 5.2 5.1 3.1 5.1 5.01 5.0

14 5.8| 5.8| 57| 5.7| 5.6 5.6| 5.6 5.5| 551{ 54| 5.4| 5.4

15 6.3 | 6.2] 6.2 | 6.1 6.1 6.0| 6.0l 6,0 5.9/ 5.9] 5.8| 5.8| 5.8
16 6.8 6.7| 6.6 6,6 | 6.5| 6.5| 6.4| 6.4| 6.3| 6.3| 6.3| 6.2 6.2
17 7.2 7.2 7.1| 7.0| 7.0| 6.9| 6.9| 6.8| 6.8| 6.7 6.7| 6.7{ 6.6
18 7.7 7.6 | 7.6 7.5 7.4| 7.4 7.3| 7.3 7.2| 7.2| 7.1 7.1 7.0
19 8.2| 8.1 8.0| 80| 7.9 7.8 7.8 7.7 | 7.7} 7.6 7.6 7.5| 7.5
20 8.6 86| 85| 8.4| 83| 83| 8.2| 82| 8.1 8.1 8.0 80| 7.9
21 9.1 9.0 9.0|] 89| 88| 8.7| 87 8.6| 86| 85| 8.4| 8.4 8.3
22 9.6 9.5 9.4 9.3 9.3| 9.2 9.1 | 9.1 9.1 8.9 8.9| 8.8 8.8
23 |10.1]110.0| 9.9 9.8 9.7 9.7| 9.6 9.5| 9.5 9.4 9.3| 9.3 9.2
24 |10.6 [ 10.5]|1C.4]10.3|10.2]10.1| 0.0 10.0| 9.9 | 9.8 9.8 9.7 9.7
25 |11.0]10,9 | 10.8 | 10.8 | 10.7 | 10.6 | 10.5 | 10.4 | 10.4 | 10.3 [ 10.2 ] 10.2 | 10,1
26 | 11.5 ) 11.4 11,3 | 11,2} 11.1 11.01 1.0 10,9} 10.8 | 10.9 | 10.7 | 10.6 | 10.6
27 |12.0|11.9 | 1.8 | 11.7 | 11,6 | 11,5 | 11.4 | 11,4 | 11.3 ] 11.2 { 11.1 | 11.0 | 11.0
28 12.5 1 12,4 (12,3 12,2 12.1 | 12.0 | 11,9 | 11.8 | 11,7 [ 11,7 | 11.6 | 11.5 | 11.4
29 |18.0]12.9 | 12.8 | 12.7 | 12.6 | 12,5 12,4 | 12,3 | 12.2| 12.1 | 12.0 | 12.0 | 11.9
30 |[13.5(13.4}113.2|13.1[13.0]12.9|12.8[12.7 | 12,7 ] 12.6 | 12.5] 12.4 | 12.4
31 14,01 13.9]13.7 | 13.6 | 13.5[ 13,41 13.3(13.2{13.1 | 13.0| 13.0| 12.9] 12.8
32 | 14.51 14,3 14,2 14,1 | 14,0 13.9{13.8{13.7 | 13.6 | 138.5| 13.4 [ 13.3 [ 13.3
33 14,5 14,4 14,2 14,2 | 14,1 | 14.0] 13.9 | 13.8 | 13.7
34 14,9 | 14.8 | 14.7 | 14.6 | 14.5 | 14.4 | 14.3 | 14.3 | 14,2
35 15.4 (15,3 | 15.2 [ 15.1 [ 15.0 | 14.9 | 14.8 | 14.7 | 14.6
36 15,91 15.8 | 15.7 [ 15.6 [ 15.5 | 15.4 | 15.3 [ 15.2 | 15.1
37 16.4 | 16,3 | 16.2 | 16.0 [ 15.9 | 15.8 | 15.7 | 15.6 | 15.6
38 16.9 | 16.8 | 16.6 | 16,5 | 16.4 | 16.3 | 16.2 | 16.1 | 16.0
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Appendix 2—1. BEX% o/h £ (1,00085LTH %, LIFREN)

\\ D

\\ 4 6 8 10 12 | 14 16 | 18 | 20 | 22 | 24 | 26 | 28 30
H ™\

3 | o8| 16

4 | o8| 1.7] 2.8| 4.0

5 | o8| 1.7]| 2.8| 4.0| 6.0]| 8.0

6 | 0.8| 1.7| 2.8| 4.1| 6.0| 8.0]10.3|12.8]15.6]18.6

7 | o8] 1.7| 2.8 4.1| 6.1 | 8.1]10.3|12.9(15.6]18.6

8 | 0.8) 1.7 2.8( 4.1 | 6.1 81[10.3|12.9(15.6]18.6

9 L7| 28| 4.2| 6.1 81[10.3|12.9[15.7 | 18,7 21.9|25.4|29.2]33.3
10 .7 2.8 42| 61| 8.1]10.4)12.9]15.7|18.7 | 22.0|255!29.2|33.3
11 L7 2.8 4.2 61| 811|104 (129|157} 18.7|22.0|255]|29.2]33.3
12 2.8| 42| 6.1 8.1]10.4[12,9]15.7|18.7|22.0]|255)|29.2/33.3
13 2.8| 42| 6,1| 8.1|10.¢[12.9]15.7|18.7|22.0|255|29.2|33.3
14 29| 4.2 6.1 811 10.2(12.9]15.7|18.7|22.0]25.5]29.3|33.3
15 2.9| 4.3] 6.1| 8.1|1C.4|12.9]15.7}|18.7 | 220255 29.3|33.3
16 4.3| 6.1 81(1C.4|12.9[157]18.8|22.1|25.6[29.3]233.3
17 4.3| 6.1 | 8.1]1c.4 12,9157 ]18.8|22.1|25.6]|29.3]233.3
18 43| 6.1 | 8.2|1C.4| 129|157 |18.8|22.1|25.6)29.3]233.3
19 43| 6.1 8.2 104129157 [18.8|22.1|25.6|29.2]33.3
20 43| 6.2| 8.2|10.4]13.0|158{18.8|22.1|25.6]29.4]33.4
21 10.4 | 13.0 | 15.8 | 18.8 | 22.1 | 25.6 | 29.4 | 33.4
22 10.5 [ 13.0 | 15.8 | 18.8 | 22.1 | 25.6 | 29.4 | 33.4
23 10.5113.0 | 15.8 | 18.8 | 22.1 | 25,6 | 29.4 | 33.4
24 10,5 | 13.0 | 15.8 [ 18.8 | 22,1 | 25.6 | 29.4 | 33.4
25 10.5 | 13.0 [ 15,8 | 18.8 | 22.1 | 25.6 | 29.4 | 33.4
26 15.8 [ 18.8 | 22.1 | 25.7 | 29.4 | 33.4
27 15.8 | 18,9 | 22.1 | 25.7 | 29.4 | 33.4
28 15.8 | 18.9 | 22.1 | 25.7 | 29.4 | 33.4
29 15.8 | 18.9 | 22,1 | 25.7 | 29.4 | 33. 4
30 25.7 | 29.5 | 33.4
31

32

33

34

35

36

37

38

39
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Appendix 2—1. (23%) (Continued)

D
\ 32 34 36 38 40 42 44 46 48 50 52 54 56 58
H

11 | 39.2|45.3 | 50.6 | 56.3 | 62.1
12 [ 39.2] 44,9 | 50.0 | 55.2 | 60.2
13 | 39.0 | 44.5 | 49,2 | 54.1 | 58.8
14 | 38.9)|43.6|48.453.1]57.8] 62.4
15 | 38.7 [ 43.3 [ 48.1}52.9|57.5( 62.4 | 67,0 | 71.9
16 |38.7|43.3|48.0(52,8|57.5|62.4|67.0|71.7]|76.6]81.3
17 138.5|43.3|48.0|52.8|57.5|62.3|67.0|71.6|76.5|81.2|85.8]90.4
18 |38.2|43.0 | 47.9 (52,7 [ 57.2 | 61.9 | 66.7 | 71.4 | 76.1 | 80.8 | 85.6 | 90.3 | 95.1 | 99.8
19 [38.0]|42.8(47.8|52.4|57.0|61.7 |66.4|71.2|75.8|80.4|85.0)89.7|94.4| 99.3
20 | 37.8|42.6| 47.6|52.2 | 56.8 | 61,4 | 66,1 | 70.7 | 75.3|79.9 | 84.5 | 89.2 | 94.2 | 99.7
21 | 37.6 (42,3 | 47,3 |52.0|56.6|61.1|65.7|70.3|74.8]79.3|84.0]89.2]94.5 {100.0

22 | 37.5|42.1|47.0(51.8(56.4|60.9|65.4[70.1{74.5|79.1|84.3(89.5|94.9 |100.4
23 |37.3|41.9 | 46.8 | 51.7 | 56.3 | 60.7 | 65.2 | 69.7 | 74.4 | 79.4 | 84.6 | 89.8 | 95.2 {100.7
24 | 37.1]41.8 | 46.6 | 51.7 | 56.3 | 60.7 | 65.1 | 69.7 | 74.6 | 79.7 | 84.8 | 90.1 | 95.5 |101.0
25 | 37.0 | 41.6 | 46.4 | 51.6 | 56.3 | 60.8 | 65,3 | 69,9 | 74.8 | 79.9 | 85.1 | 90.4 | 95.8 [101.3
26 |[37.0|41.4] 46.2| 51.4|56.3|60.8|65.3|70.2|75.1{80,2][853|90.7]96.1 [101.6
27 | 36.9 | 41.2 ]| 46.1|51.2]56.2|60.8|655)]70.3|75.3|80.4]|85.6|90.9]|96.4|101.9
28 | 36.8 | 41.1)45.9|51.0]56.3|61.0165.7|70.5|75,5]|80.6]|85.8[91.1]96.6 [102.2
29 [36.7]140.9|45.7 | 50.8 | 66.1 | 61.1 | 65.9|70.7 | 75.7 [ 80.8 | 86.0 | 91.4 | 96.9 |102,5
30 | 36.6)40.8 | 45,6 | 50.6 | 55.9 | 61.1 | 66,0 | 70,9 | 75.9 | 81.0 | 86.3 | 91.6 [ 97.1 |102.7
31 [36,5]40,6 | 45.4 | 50.4 | 55.7 | 61.2|66.2 | 71,1 |76.1|81,2]86,5(|91.9 97,4 {103.0

32 | 36.3|40.5|45.3|50.3|55.5|61.3]|66.3|71.3|76.3|8l.4|86.7|692.1]97.6 (103.2
33 | 36.2]40.4|45.1|50.1|55.4|€1.3]|66.5|71.4|76,4|81.6[86.9]92.3]97.8|103.5

34 61.5]66.6|71.6|76.6|81.8]87.192.5]98.0 |103.7
35 71.7 | 76.8 [ 82.0 | 87.3 | 92.7 | 98.3 |103.9
36 82.1187.5192.9|98.5 [104.1
37 93.1]98.7 |104.4
38 104, 6
39
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b/
€0 €2 | 64 66 68 70 72 74 76 78 80
L H
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
104. 6 18
104.8(110.4|116.2 19
105.2]110.9(116.7|122.5/|128,5]|134.6 20
105.6(111.3|117.0{123.0{129.0(135.1[141.3|147,7  154.1[160.7|167.3 21
105.9{111.6]117.5]123.4{129.4|135,6|141.8 | 148.2|154,6|161.2]167.9 22
106.3/112.0]117,9[123.8{129.9|136.0{142.3 148,7|155.2|161.8|168.4 23
106.7[112,4|118,3(124.2|130.31136.5(142.8(149.2[155.7[162.3[169.0 24
107.0(112,7(118.6{124.6|130.7|136.9]143.2(149,6[156,21162.8(169.5 25
107.3[113.1(119.0]125,0,131.1]137.3(143.6|150.1156.6|163.3|170.0 26
107.6{113.4[119.3|125.3|131,5(137.7|144.0{150.5|157.1|163.8|170.5 27
107.91113.7119.6125,7|131.8|138,1|144,4|150.9{157.5(164.2(170.9 28
108.2|114.0(120.0[126.0|132,2|138.4{144.8|151.3|157.9|164.6|171.4 29
108.5|114,3(120.3]|126.3{132.5|138.8]145.2[151,7{158.3|165.0|171.8 30
108.7|114.6|120.6[126.7]132.8|139.1|145.6|152.1|158.7|165.5[172.3 31
109.0(114.8120.8(126.9133.2[139.5)145.9(152,4(159.1]165.8|172.7 32
109.2(115.1(121.1127.21133.4(139.8{146.2(152.8|159.4[166.2(173.1 33
109.5(115.4|121.4127.5(133.8| 140, 1| 146.6(153.1|159.8|166.6|173.5 34
109.7|115.6]121.7(127.8|134.1|140.4[146,9{153.5[160.2|167.0|173. 8 35
110.0]115,9]121.9|128,1134,3|140,.7[147.2(153.8|160.5|167.3|174.2 36
110.2(116.1]122.1]128.3|134,6]141,0{147.5{154.1|160.8(167.6|174.5 37
110.4]116.3(122,4128.6(134.9|141.3|147.8,154.4|161.1|168.0[174.9 38
116.6(122,7(128.8|135.1(141.6[148.1]154.7161.5!168.3|175.3 39
129.1i135.4 141.9148.4|155.0(161.8}168.7|175.6 40
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Appendix 2—2.

8 12 14 16 20 22 26 28 30
2.8
2.8 5.4 7.2
2.8 5.5 7.5 9.5 14,5 | 16.0
2.8 5.7 7.6 | 9.7 14.7 | 16.4
2.8 5.8| 7.6 9.9 14.9 | 16.8
2.8 5.8 7.8 10,0 15,1 1 17.1 22.8 | 25.9 | 29.1
2.7 5.9 7.8)10.1 15.3 | 17.4 23.2 | 26,3 | 29.6
2,7 5.9 7.9 10.2 15.5 | 17.7 23.5 | 26.7 | 30.1
2.7 6.0 8.0 10.2 15.6 | 18.0 23.9127.2 | 30.6
2,7 6.1 8.1|10.4 15.7 | 18.2 24.3127.5 [ 31.0
2,6 6.1 8.1 10.4 15.9 | 18.5 24,61 27.9 | 31.4
2.6 6.1 8.2 10.5 15.9 | 18.7 24.9 | 28.3 | 1.8
6.2 | 8.3 10.6 16.1 | 18.9 25.2 1 28.6 | 32.2
6.2 8.3]|10.6 16.2 | 19.1 25.5 | 28.9 | 32.5
6.3 8.4 10.7 16.3 | 19.3 .4 25.7]29.2 328
6.3 | 8.4 10.8 16.4119.5|22.6 | 25.9 | 29.5 | 33.2
6.4 8.5]10.9 16.5 | 19.7 | 22.9 | 26.2 | 29.7 | 33,5
10.9 16.6 | 19.9 .0]26.4|30.0 |337
11.0 16.6 | 20.0 | 23.2 | 26.6 | 30,2 | 34.0
11.0 16.7 | 20.2 | 23.4 | 26.8 | 30.5 | 34.3
11.1 16.8 | 20.3 .6127.0]30.7 | 34.5
11.1 16.9 | 20.5 .8127.2130.9 | 34.8
16.9 | 20.6 .9 (27.4) 31,1 | 35.0
. 17,01 20.7 | 24,1 | 27.6 | 31.83 | 35.3
17.1 ] 20.9 27.8 | 31.5 | 35.5
17.1 1 21.0 27.9) 31,7 | 35.7
28.1 (31,2 | 35.9
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MEe/+ ofk &
A
32 34 36 38 40 42 44 46 48 50 52 54 56 58 P o
3
<
5
6
7
8
9
10
33.6 1 37.3 | 41.2 | 45.1 | ¢9.3 11
34.2 | 37.9| 41.7 | 45.8 | 50.0 12
34.6 1 38.4 | 42.4 | 46.5| 50.8 13
35.1138.9|42,9) 47.1]51.4]55.9 14
35.5 1 39.4 | 43.5) 47.7 | 52.0 [ 56.5 | 61.2 | €6.1 15
35.9139.9|43.9| 48.2 | 52.6 | 57.2| 61.91¢6.8]71.9|77.1 16
36.3 | 40.3 | 44,4 | 48.7 | 53.2 | 57. 62,6 | ¢7.5|172.6 |77.9 | 83.3| 88.8 17
36.7 | 40.7 | 44.8 | 49.2 | 53.7 | 58.4 | 63.2 { ¢8.2| 73.4 | 78.7 | 84.1 | 89.7| 95.5(101.4| 18
37.0| 41.1 | 45.3 | 49.7 | 54.2 |1 58.9 | 63.8 ! 8.8 | 74.1 | 79,4 | 84.9 | 90,6| 96.4|102.4| 19
37.4 | 41,5 | 45,7 | 50.1 | 54.7 | 59.5 | 64,4 | 69.5 | 74,8 | 80,2 | 85.7 | 91.4| 97.3]103.3| 20
37.7 | 41,8 | 46,1 | 50.5 | 55.2 | 60.0 | 65.0 | 70.1 | 75,4 | 80.8 | 86.4 | 92.2| 98.1|104.2( 21
38.0 | 42.1 | 46.4 | 50.9 | 55.6 | 60.4 | €5.5 | 70.6 | 76.0 | 81.5 | 87.1 | 92,9| 98.9]105.0| 22
38.3 | 42.5 | 46.8 | 51.3 | 56.0 | 61.0 | 66.0 | 71.2 | 76.6 | 82.1 | 87.8 | 93.7| 99.7]105.8| 23
38.6 | 42,8 | 47.2 | 51.8 | 56.5 | 61.4 | €6.5 | 71.8 | 77,2 1 82.8 | 88.5 | 94.4(100.4 | 106.6| 24
38.8 | 43.1 | 47.5152.1|56.9|61.8|67.0|72.2(77.7|83.3]89.1| 95.0[101.2}107.4| 25
39.1 | 43.4|47.8|52.5|57.3|62,3|67.4|:2.7|78.2!183.9]89.7| 95.7|101.8(108.1| 26
39.4 | 43.7 | 48.2 | 52.8 | 57.7 | 62,7 | 67.9 | 73.2 | 78.8 | 84.5 | 90.3 | 96.3|102.5]108.9| 27
39.6 (44,0 | 48.5153.1 | 58,0 | 63.1 | €8,3 | 73.7 | 79.2|85.0| 90.9| 97.0(103.2]109.6| 28
39.9 | 44,2 | 48.8 | 53.5 | 58.4 | 63.5 ! 68.7 | 74.1 | 79.8 | 85.5 [ 91.4 | 97.5]/103.8[110.2]| 29
40.1 | 44,5 | 49.0 | 53.8 | 58.7 | 63.8 | 69.1 | 72.6 | 80.2 | 86.0 | 92.0 | 98.1|104.4]110.9| 30
40.3 | 44,7 | 49.3 | 54.1 | 59.1 | 64.2 | 69.5| 75.0| 80.7 | 86.5 | 92.5 | 98.7|105.0| 111.5| 31
40.6 | 45,0 | 49.6 | 54,4 | 59.4 | 64.6 | 69.9 | 75.4 | 81.1 | 87.0|93.01] 99.3|105.6|112.2] 32
40.8 | 45.2  49.9 | 54,7 | 59.7 | 64.9 | 70.3 | 75.8 | 81.6 | 872.5 | 93.5 | 99.8]106.2|112.7| 33
65.3 | 70.7 | 76.2 | 82.0 | 87,9 | 94.01100.3]|106.7 | 113.3| 34
76.6 | 82.4 | 88,4 | 94.5 [100.8|107.3 [ 113.9| 35
88,8 | 95.0 |101.3(107.8 ] 114.5| 36
101,8(108,.3 | 115.0f 37
115.6| 38
39
J 40
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Appendix % 2—2. (D3%) (Continued)

60 62 64 66 68 70 72 74 76 78 80

H O\

3

4

5

é

7

8

9

10

11

12

13

14

15

16

17

18 }107.5

19 108.5|114,7(121,2

20 109.5(115,8(122,3|128,9(135.6(142.5

21 110.4|116,8(123.3]130,0]|136.8]143.7]150.8]158.0|165,4|172.9|180.6

22 111.3|117.71124,3|131,0|137.8]144.8}152.0|159.3|166.8|174.3|182.0

23 [112.2(|118,7|125,3|132,0(139,0[146.0|153,2|160.6|168.1[175.7|183.4

24 113.01119.6(126.2|133,0]|140,0|147.1]154.4(161.8|169.3|177.0|184.8

25 113.8(120,4(127,1[134,0(141,0(148.2"'155.5[162.9|170.5]/178.3|186. 2

26 114,6(121.2(128.0[134.9(142,0[149.1|156.5{164.0(171,7|179.5|187.5

27 115.61122.0(128,8(135.8(142,91150.1|157.6|165.1}172.9]/180.7|188.7

28 116.1]122,8(129.6]136.6|143.8(151,1[158.6|166.2(173.9(/181.81189.9

29 116.8]123.51130.4|137.5(144.7(152,1[159.5|167.2]175.0(182.9[191.1

30 117.5]124,3|131.2|138.3|145.61153.0|160.5(168.2{176.0|184.0]192.3

31 118.2(125,0}1132,0|139.1|146.4{153.8|161.4|169,2|177.1(185.1[193.4

32 118.8(125.7(132.7[139.9|147.2|154.7[162.3(170.1]178.1]186.2]194. 4

33 119.5(126.41133.4{140.6(148.0(155.5(163.2(171,0|179.0]187.1]|195.4

34 120.11127,0|134.1|141.4}148.8]156.3|164.0|171.9/180.01188.1(196. 4

35 120.7127.7]134,8|142,1]149.5(157.1|164.9{172,8|180.9(189.1(197.4

36 121.3(128.3]135,5]142,8(150.3|157.9|165.7|173.7|181,8|190,0(198. 4

37 121.9]128.91136,1]143.4|151.0(158.6|166,.5|174,.5(182,6|190.9{199. 4

38 122.4)129.5]1186.7144,1]151,7]159.4|167,3|175,3]183.5|191,8200.3

39 130.1|137.4|144,8(152.4|160.1]168,0(176.1(184,3|192.7|201.2

40 160.9]168.8 185.2193.6(202.1

145,5

183.1

176.9
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Appendix 2—3, BT H=Y v/h #
\ D
N 4 6 8 10 12 14 16 18 20 22 24 26 28 30
H N\

4 0.8 1.6 2.8 4.2 5.8 7.8 (10.0]12.3

5 0.8 1.6 2.8 4.2 5.8 7.8 10.0112,3]|15.0] 18.0(21.2] 24.6

6 | 0.8| 1.6 2.8 4.2| 5.8| 7.8|10,0]12.3|15.0]18.0/21.2|24.6]28.3] 34.8

7 0.8 1.6 2.8 4,2 5.8 7.8110.00112,4 15,1 18.0|21.2]24.6]28,3134.4

8 0.8 1.6 2.8 4,2 5.8 7.8110.0 12,4 15.1]|18,0]21.2|24.6|28.3] 34.1

9 0.8 1.6 2,8 4,2 5.8 7.8 110,0 12,4 | 15.1 ]| 18.0| 21.2| 24.6 | 28.3 | 33.8
10 0.8 1.6 2.8 4,2 5.8 7.8110,0|12.4]15.1]18,0)21.224,6|28.3|33.6
11 0.8 1.6 2.8 4.2 5.8 7.8 110,01 12.4|15.1]|18.1|21.2|24.6|28.3|33.4
12 0.8 1.6 2.8 4,2 5.8 7.8 10,0 12.4(15.1]18.1]21.2|24,7|28.3}33.2
13 0.8 1.6 2.8 4.2 5.8 7.8 1100} 12.4|15.1|18.1 | 21.2| 24,7 | 28.3 | 32.9
14 1.6 2.8 4.2 5.8 7.8(10.0]12.4(15.1(18.1]|21.2|24.7(28,3132.8
15 1.6 2.8 4.2 5.8 7.8 1100|125 15.1 | 18.1 |21.3]|24.7|28.3]| 32.6
16 2.8| 4.2| s.8| 7.8|10.0|12.5|15.1|18.1|21.3|24.7 | 28.3|32.3
17 2.8 4.2 5.8 7,8110.0)12.5)15.1|18.1 | 21.3|24.7|28.3]32.2
18 4.2 5.8 7.8110.,0112.5| 15,2 | 18.1 | 21.3| 24,7 | 28.3| 32.2
19 5.8 7.8110.0]12,5]15,2|18.1}21.3124.7|28.4]32.1
20 5.8 7.8]|10.0]12.5{15.2|18.1|21.3]|2¢.728.4]320
21 5.8 7.8110.0| 12,5 15.2| 18.1 | 21.3 | 24.7 | 28,4 | 31.9
22 7.8110.0|12,5(15.2| 18,1 | 21.3|24.7 | 28.4 | 31.8
23 7.8 10,0 12,5 15.2| 18.1 | 21.3 | 24.7 | 28.4 | 31.7
24 7.8 10.0 | 12.5| 15.2| 18,1 21.3| 24.7 | 28.4 | 31.6
25 7.8110.0| 12,5 15.2| 18.1 | 21.3| 24.7 | 28.4 | 31.5
26 15,21 18.1 | 21,3 | 24,7 | 28,4 | 31.5
27 18.1 | 21,3 | 24,7 | 28.4 | 31.4
28 18,1 | 21.3 24.7 | 28.4 | 31.3
29 21,31 24.7 | 28.4 | 31.2
30 28.4 ' 31.2
31 28.5 | 31.1
32
33
34
35
36
37
38
39
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Appendix 2—3. (o3&) (Continued)

Y 32 34 36 38 40 42 44 46 48 30 52 54 56 58
H

4

5

6 | 42,0 49.7 | 55.3 | 61.3

7 | 41.1 ] 48,3 [53.9|859.2)¢€3.668.2]72.9

8 | 40,4 47.152.5]57.5]62.366.5]71.3|76.6

9 [39.8]46.1(51.3|56.4]61,1|65.3|70.1|754]|81.8]|88.8

10 |39.2]45.2|50.3|55.6| 60,0 |64.2|69.0 74,4 |80.8|87,7194.9(102.4

11 | 38.7|44.4 | 49.5 [ 54.5 [ 58.9 | 63.3 | 67.9 | 73.5 | 80.0 | 86.8 | 93.9 | 101.3| 108.9|116.8
12 | 38.2|43.7 | 48.7 | 53.7 | 58,2 | 62.4 | 66.9 | 72.7 , 79.2 | 86.0 | 93.0 |100.3| 107.8 115.7
13 | 37.8|43.0}47.9|53.1|57.5|61.7|66.3|72.1|78.5|85.2|92.2} 99.4(106.9|114.7
14 |37.5) 42,4 | 47.2|52.4|56.9|61.1|65.8]71.5|77.9|84.5|91.4 98.6(106.0/113.8
15 |37.1|41.9|46,7|51.7|56.3]|60.5|65.2/70.9|77.3 83.9(90.8| 97.8105.2/112.9
16 |36.7|41.4 (46,1 |51.1|55.8]59.9|64.6|70.4(76,8|83.3]|90.1( 97,1]104,5|112.1
17 | 36.4 | 40.9 | 45,5 | 50.5 | 55.1 [ 59.4 | 64.0 | 70.0 | 76.2 | 82.7 | 89.5 | 96.5|103.8|111.3
18 | 36.1|40.4 | 45.1 [ 49.9 | 54.6 | 58.9 | 63.6 | €9.6 | 75.7 | 82.2 | 88.9 | 95.9[103.1110.6
19 |36.0{40.1 44,6 49,4 |54,1|58.3|63.2|69.1(75.3(8l.7|88.4| 95.3|102.5/109.9
20 | 35.8]39.7|44.2|49.053.7|57.9|629|68.7|74.9]|8..2]|87.9| 94.8]|101.9|109.3
21 |35.5139.3|43.8|48.5(53.3|57.5|62.5|68.3|74.4|80.887.4| 94.2(101.3|108.7
22 | 35.3]39.043.4|48.1|53.0|57.2]|62.2|68.0|74.0 | 80.4 | 86.9 | 93.7|1C0.8/|108.2
23 |35.1]38.6|43.0|47.7 52,6 |56.9|6L.9|67.7|73.7 | 80.0 | 86.5 | 93.3|1C0.4|107.7
24 | 34.9]38.3|42.7]|47.3|52.1 |56.4|61.6|67.3|73.3|79.6|86.1 92.8/ 99.91107.1
25 | 34.7 38,1 42.4 | 46.9 | 51.7 [ 55.9 | 61.3 | 67.0 ] 73.0 | 79.2 | 85.7 | 92.4| 99.4,106.6
26 | 34.6 | 37.7 | 42.0 | 46.6 | 51.3 | 55.6 | 61.1 | 66.7 | 72,7 { 76.9 | 85.3 | 92.0| 99.0 106.2
27 | 34,4|37.5|41.7 | 46.3 | 51.0 | 55.4 | 60,8 | 66.5 | 72,4 | 78.6 | 85.0 | 91.6| 98.6|105.7
28 | 34.2|37.2|41.5|46.0| 50.6 | 55.2 | 60.6 | 66.2 | 72.1 | 78,2 | 84.6 | 91.2| 98.1}105.3
29 | 34,1)37.0|41.2|45.7 | 50.3|55.0|60.3|65.9]71.8|77.9|84.3| 90.9! 97.8/104.9
30 |33.9|36.7|40.9 | 45.4 | 50.0 | 54.8 | 60.1 | 65.7 [ 71.5 | 77.6 | B4.0 | 90.6| 97.4|104.5
31 |33.8|36.5|40.7 |45.1|49.7 [ 54.6]59.9|65.5|71.3|77.4|83.7]| 90.2] 97.1[104.1
32 40,4 | 44.8 [ 49.4 | 54.4 | 59.7 | 65.2 | 71.0 | 77.1 | 83.4 . 89,9/ 96.7(103.8
33 59.4 { 65.0|70.8 | 76.8 |83.1| 89.6| 96.4|103.4
34 76.6 | 82,8 | 89.3| 96,1|103,1
35
36
37

38

39

40
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D/
60 62 64 66 68 20 72 74 76 78 80 /'

S H
4
5
€
7
8
g
10
11
123.8]132.2 12
122,8]131.1(139.7,148.5(157.7|167.1|176.8 13
121.81130.0(138.6)147.41156.4|165.8]175.4]185.3|195. 4]205.9216.6 14
120.8]129.0]137.5 . 146.2155.2|164.5]|174.1|183.9{193.9|204.3[214.9 15
119.91128.1(136.5|145.21154.1]163.3]|172.8|182.6|192. 6 202,8(213.4 16
119.1]127.2(135.6 144.2|153.0|162.2|171.61181.3 191.2|201.5|211.9 17
118.41126. 4 134.7: 143.3]152.11161.2|170.6|180.2|190. 1 | 200. 2 210.6 18
117.71125.61133.91142.4(151.2[160.2|169.6|179.1]188.9|199.0 209.3 19
117.0{125.0(133.2|141.6|150.4(159.3168.6|178.1|187.9 197.9(208. 2 20
116.4(124,3({132,41140.9|149.5(158,4|167.6|177.1|186.8 196.8(207.0 21
115.8|123.6(131.7(140.1|148.7|157.6|166.8| 176, 2 185.8(195.81205,9 22
115.21123,0|131.1(139.4|148.0|156.9 166.0(175,.3|184.9|194,81205,0 23
114,7(122.4|130.5(138.8(147.3|156.1|165.2 174,5184.11193.9}204.0 24
114,1(121.9(129.9|138.1(146.6(155.4|164.4|173.7 183.21193.0]203.0 23
113.6(121.3]129.3|137.5|146.0| 154.7 | 163.7 172,91182,4(192.1(202,1 26
113.21120.8]128,8|137.0]145.4|154.1'163.0 172.2'181.7]191.3(201. 3 27
112.7(120.3]|128.2|136.4]144.8(153.4{162.3|171.5'180.9 190.5}200.5 28
112,21119.9(127.7|135.9(144.2/152.8161. 7 l70.3| 180.2]189.8(199.7 29
111.8]119.41127.3]135.4(143.7[152.3|161.1]170.2|179.5 189.1(198.9 20
111,4(119.01126.8|134.9(143.2|151.7]160.5|169. 6 178.9(188.4(198.2 31
111.0(118.6]126.3|134.4(142.7|151.2|160.0|169.0 178.3|187.8(197.5 32
110.7(118.2(125.9(133.91142.2(150.7159.4|168.4]177.6 187.1(196.8 33
110.3(117.8(125.5/133.5[141.7(150.2|158.9|167.8 177.0]186.5(196.2 34
110.0|117.4(125,1(133.1]141.2|149.7(158. 4 167.3]176.5]185.9(195.6 35
124.71132.6]140.8|149.2|157.9]166.8|175.9]185.3 195.0 36
132.2/140,3(148.7|157.4|166.2]175.3 184.7)194.3 37
148.3|156.9]165.7|174.8(184.2(193.7 38
165.31174,41183.7(193.2 39
192.7 40
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Appendix 2—4.

22'24

26!28

\D 4| 6| 8 |10]12]14] 16 | 18] 20 30 | az
H N I

3 |o.6

4 0.711.4]2,4]3.5

5 |0.7|1.4|24]|3.6|5.0|6.8] 8.6 ‘

6 |o.7|1.5|2s537]5.2]|6.8| 8.7]10.8]13.2

7 lo.7|1.5|25]37]5.3]70]| 8.9 11.0]13.4

g |o.7|1.5(25]|3.8(5.3]|70{ 9.0|11.1[13.5]|16.1|18.9|21.9]25.1]28.5

9 |lo.7|1.5]|26]39]53]71| 9.1|11.3}13.7[16.3|19.1|22.1]25.4](28.8

10 |o.7]|1.5]26[3.9(5.4|7.2] 9.2|11.4}13.8]16.5|19.3|22.4]25.7][29.1

11 1.5 2.6 3.95.5|7.3] 9.3|11.5[14,0]16.6]|19.5|22.6|25.9]29.4]23.1
12 1.6 2639|5573 9.3]11.614.1|16.7]19.7 | 22.826.1]29.7 | 33.3
13 2.6|4.0|55174] 9.5[11.7|14.2]16.9]19.8|23.0(26.3|29.8]|33.6
14 2.6 |40]56|7.4] 9.5]11.8|14.3|17.1]20.0f23.1|26.5]30.1|33.9
15 4157 |7.5| 9.5} 11,9 14.4 [ 17.1 | 20.1 | 23.3 [ 26.7 | 30.3 | 34.1
16 4.1]5717.6| 9.6|11.9|14.5[17.3]20.3!23.4]26.9]|30.5]34.3
17 5.7]7.6| 9.7|12.0| 14.6 | 17.4 | 20.4 | 23.6 | 27.1 | 30.7 | 34.5
18 5.717.6| 9.7 12,1 14.7 | 17.4|20.5 | 23.7 | 27.2 | 30.8 | 34.7
19 7,71 9.8|12.2|14.7 [ 17.6 | 20.6 | 23.8 | 27.3 | 31.0 | 34.9
20 7.7] 9.9 12.2| 14.8 [ 17.7 | 20.7 | 24.0 | 27.5 | 31.2 | 35.1
21 9.9 12.3{14.9|17.8|20.8 | 24.1| 27,6 |31.3|35.3
22 10.0 | 12.3| 15.0 | 17.8 | 20.9 | 24.2 | 27.7 | 31.5 | 35.5
23 12.4 | 15.0 | 17.9 | 21.0 | 24.3 | 27,9 | 31.6 | 35.6
24 12.5| 15.1 | 18.0 | 21.1 | 24.4 } 28,0 | 31.8 | 35.8
25 15.2 | 18.0 | 21.2 | 24.5 | 28.1 | 31.9 [ 35.9
26 15.2 | 18.1 | 21.3 | 24.6 | 28.2 | 32.0 [ 36.0
27 18.2 , 21.3 | 24.7 | 28.3 | 32.1 | 36.2
28 18.2 | 21.4 | 24.8 | 28.4 | 32.2 | 36.3
29 | 21,5 | 24.9 | 28.5 | 32.3 | 36.4
30 21.6 | 25.0 | 28.6 | 32.5 | 36.5
31 ' 32.6 | 36.6
32 | 32.7 | 3.8
33 5

3¢

35

36

37

38 !

39 !

40
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BBULEE o/h &

34 36 38 40 42 44 46 48 50 52 54 56 53 60 b
H
3
4
5
6
7
8
9
10
37.0 | 41.1 | 45.4 | 49.8 | 54.5 | 59.4 | 64.4 11
37.3 | 41.4|45.7 | 50.2 | 55.0 [ 59.8 | 64.9 12
37.6 | 41.8 | 46.1 | 50.7 | 55.4 | 60.3 | 65.5 | 70.8 | 76.3 | 82.0 | 87,8 13
37.9 ) 42.1 | 46.4 | 51,0 | 55,7 | 60.8 | 65.9 | 71.3 | 76.9 | 82.6 | 88.5 | 94.6 14
38.1|42.3 | 46.7 | 51.4 | 56,2 | 61.2| 66.4|71.8|77.3|83.1|89,1| 95.3[101.6[109.7| 15
38.4 | 42.6 | 47.1 | 51.7 | 56.6 | 61.6 | 66.8 | 72.3 [ 77.9 | 83.7 | 89.7 | 95.9(102.3|110.3| 16

38.6 [ 42.9 | 47.4 1 52,0 | 56.9 | 61.9 | 67.2 | 72.6 | 78.3 | 84.2 | 90.2 | 96.4|102.8|110.9{ 17
38.8 | 43.1 | 47.6 | 52.3 | 57.2 | 62.3 | 67.6 | 73.1 | 78.8 | 84.7 | 90.7 | 97.0|103.5|111.5| 18
39.1)43.4 ) 47.8 | 52.6 [ 57.5 1 62.6 | 67.9 | 73.5[79.2 | 85.1]91.2| 97.5|104.0[112.0| 19
39.3|43.6 | 48.1 [ 52.9 [ 57.8 | 63.0 | 68.3 | 73.9 | 79.6 | 85.6 [ 91.7 | 98.0/104.5|112.5| 20
39.4]43.8 48,3 53.1|58.1|63.2|68.6|74.2(80.0|86.0(92.1] 98,5/105.0[113.0| 21
39.6 | 44.0{ 48,5 53.4 | 58.4 | 63.5 | 68.9 | 74.5 [ 80.4 | 86.4 [ 92.5 | 98.9]|105.5|113.5| 22
39.8 | 44.2148.8|53.6|58.663.8]69.3|74.9|80.7|86.7|93.0]| 99.4|106.0|114.0] 23
40.01 44,4 | 49.01 53.8 | 58.9 | 64.1 | 69.5 | 75.2 | 81.0 | 87. 93.3 | 99.8|106.41114.4| 24
40.1 | 44.5{ 49.2 | 54,0 | 59.1 | 64.4 | 69.8 | 75.5 | 81.4 | 87. 93.7 |100.2|106.8[114.8| 25
40.3 | 44.7 | 49.4 | 54,2 | 59.3 | 64.6 | 70.1 | 75.8 | 81.7 | 87. 94,1 [100.6(107.3[115.2| 26
40.4 | 44.9 | 49.6 [ 54,4 | 59.6 | 64.9 | 70.4 | 75.1 | 82.0 | 88. 94.4 1100.9|107.7(115.6 | 27
40.6 | 45.0 | 49.7 | 54.6 | 59,7 | 65.1 | 70.6 | 75.3 | 82.3 | 88. 94.7 |1101.3|108.0|116.0| 28
40.7 | 45.2 | 49.9 | 54.8 | 60.0 | 65.3 [ 70.9 | 76.6 | 82.6 | 88.7 | 95.1 |101.6(108.4|116.3| 29
40.8 | 45.3 | 50.1 | 55.0 | 60.2 | 65.5 | 71.1 | 76.9 | 82,9 | 89.0 | 95.4 |102.0|108.8|116.7 | 30
41.0 | 45.5 | 50.2 [ 55.2 | 60.4 | 65.7 | 71.3 | 77.1 | 83,1 | 89.3 | 95.7 [102.3|109.1|117.0| 31
41,1 45.6150.4[55.460.6|65.9|71.6(77.4|83.4|89.6|96.0[102,7[109.5|117.4| 32
60.7 | 66.1 | 71.8 | 77.6 | 83.6 | 89.9 | 96.3 |103.0|109.8[117.7 | 33
60.9 [ 66.3|72.0]77.883.9)90.1(96.6103.3[110.1[118.0| 34
61.1166.5|72.2]178.1184.1]90.496.91103.6/110.5{118.3| 35
€1.3 [ 66.7 [ 72,4 | 78.3 | 84.4 | 90.6 | 97.1 |103.9|110.8|118.6| 36
61.4 ] 66.9|72.6 | 78,5 | 84.6 | 90.9 | 97.4 |104.1[111.0{118.9| 37
61.6 | 67,1 | 72.8 | 78,7 | 84.8 | 91.1 | 97.6 |104.4|111.3]119.2| 38
61.7 | 67.3 | 73.0 | 78,9 | 85.0 | 91.4 | 97.9 [104,7|111,6[119.5| 39
61.9 | 67,4 73.2|79.1(85.3[91.6{98.2[104.9|111.9[119.8| 40

[ TN N
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Appendix 3—1. B¥EXF v/d &
N D
\ 4 | 6|8 10|12 14| 16| 18| 20| 22| 24 26 | 28 3 | 32
H
3 10.60.8
4 |0.8]1.1|1.4]1.6
5 |1.0|1.4|1.8]20/{ 25| 2.9
6 [1.2]1.7])2.1[2.5] 3.0 3.4| 3.9| 4.3] 4.7| 5.1
7 [1.4]2.0]2.5{2.9| 3.6 4.1| 4.5| 5.0| 5.4] 5.9
8 |1.7]|2.3|2.8]|3.3| 4.1| 4.6| 5.2| 5.7| 6.2| 6.8
9 2.518.1|3.8] 4.6| 5.2| 5.8| 6.4| 7.0| 7.6 | 8.2 8.8 9.4 9.9
10 2.8(3.5|4.2| 5.1 5.8| 6.5| 7.2| 7.8| 8.5| 9.2| 9.8 10.4]11.1
11 3.2|3.9]4.6|5.6| 6.4| 7.1| 7.9| 8.6 9.4|10.1|10.8]|11.6 | 12.4 | 13.5
12 421511 61| 6.9| 7.8| 8.6] 9.4(10.211.0]11.8|12.5]13.5 | 14.7
13 4.6 |5.5( 6.6 7.6| 8.4 9.3|10.2|11.0]11.9 | 12.8|13.6| 14.6 | 15.8
14 5.0 (59| 7.2| 81] 9.1|10.1|11,0|11.9]12.8|13.7 | 14.6 | 15.7 | 17,0
15 5.4 6.4| 7,7 87| 9.8|10.8|11.8|12.8|13.8|14.7 | 15.7 | 16,7 | 18.1
16 6.8 8.2] 9.3|10.4]11.5]|12.6 | 13.6 | 14.7 | 15,7 | 16.8 | 17.8 | 19.3
17 7.3; 8.7 9.9|11.1|12.2|13.4 | 14.5| 15.6 | 16.7 | 17.8 | 18.9 | 20.4
18 7.7 9.2]10.5/11.8|12.9| 14.2| 15.4 | 16.5 | 17.7 | 18.9 | 20,0 | 21.5
19 8.2 9.7 |11.1]12.4/13.7 | 15.0 | 16.2 | 17.5 ] 18.7 ; 19.9 | 21.1 | 22.6
20 8.6 (10.2|11.6[13.1]i4.4|15.8 | 17.1 | 18.4 | 19.7 | 21.0 | 22.2 | 23.6
21 13,7 15.1] 16.6 | 18,0 { 19.3 [ 20.7 | 22.0 | 23.4 | 24.7
22 14.4]15.9]17.4 | 18.8 [ 20.2 | 21,7 [ 23,1 | 24,5 | 25.8
23 15.0116.6 | 18.2 | 19.7 | 21.2 | 22.6 | 24.1 | 25.6 | 26.8
24 15.717.3]19.0 | 20.6 [ 22.1 | 23.6 | 25.2 | 26.7 | 27.8
25 16.3]|18.1] 19.8 | 21.4 | 23.0 | 24.6 | 26.2 | 27.8 | 28.8
26 20.6 | 22.3 [ 24,0 25.6 | 27.3 ] 28.9 | 30.1
27 21,4 | 23.1[24.9 | 26.6 | 28.4|29.8(31.1
28 22,1 | 24.0|25.8 | 27.6|29.4|30.9 | 32.1
29 22,9 | 24.9 | 26.8 | 28.6 | 30.5 | 31.9 | 33.2
30 29.6 | 31.6 | 33.0 | 34.3
31 35.3
32 36.3
33 37.3
34
35
36
37
38
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(1,000 5L THh %, LITEYD

s
34 36 38 40 42 44 46 48 SO 52 54 56 58 60 D//
3
4
5
6
7
8
9
10
14,6 { 15,5 | 16.3 | 17,1 11
15.8 | 16.7 [ 17.4 ] 18,1 12
17.0 ] 17.8 | 18.5 | 19.1 13
17,9 (18.8 { 19.6 | 20.2 | 20.8 14
19.1(20.1]20.9|21.6|22.3|22.9]23.4 15
20.4121.3|22.2|23.0|23.823.9]24.9]25.5]|26.0 16
21.6 | 22,7 | 23.6 | 24,4 | 25.2125.9 | 26.5 | 27.1|27.6 |28.1]28.5 17

22.8 124.025.0 | 25.8|26.5127.3|27.9]|28,5|29.1|29.6|30.1]30.6|31.0]31.4 18
23.9125.2|26.2|27.1|27.9|28.7|29.4|30.0|30.6]|31.1]|31.6]32.0|32.5]33.2 19
25.0 | 26.4 (27.4 | 28.4 | 29.2 | 30.0 | 30.7 [ 31.4 [ 32.0 | 32.5 | 33.0 | 33.6 | 34.4 | 35.1 20
26.1|27.6|28.8 29,7 | 30.6 | 31.4]32.1(32.7|33.3|33.9|34.7|35.4|36.2|37.0| 21
27,3 (28.8|30.0]31.0)31.9|32.7]33.5|34.2|34,8|35.6|36.5|37.3]|38.1]38.8 22
28.4129.9131.332.433.2|34.1|34.8[35.6 |36,5(37.4138.3(39.1]|39.9] 40.8 23
29.5 [ 31.1(832.7 | 33.8 34,7 [ 35,5 36.4|37.3|38.2(39.2|40.0| 40.9 | 41.8 | 42.7 24
30.6 } 32,2 33.9 | 35.3 | 36.4|37.1|38.0]39.0]40.0|40.9|41.8|42.8 | 43.7 | 44.6 | 25
31.6 1 33.4|35.2|36.6|37.7 | 38.6|39.6|40.7 | 41.7 | 42.7 | 43.6 | 44.6 | 45.6 | 46.5 | 26
32.7 | 34.6 [ 36.4 | 37.9 | 39.1 | 40.2 | 41,3 | 42.4 | 43.4 | 44,4 | 45.4 | 46.5 | 47.4 | 48.4 | 27
33.8135.7{37.6 | 39.4 | 40.6 | 41.8 | 42.9 | 44.0 | 45.1 | 46.2 | 47.3 | 48.3 | 49.3 | 50.5 28
34.9 [ 36.8|38.8 | 40.7 | 42,2 | 43.4 | 44.6 | 45.7 | 46.9 | 48.0 | 49.1 | 50.2 | 51.2 | 52.3 | 29
36.0 | 38.0 | 40.0 [ 41.9 | 43.8 | 45.0 | 46.2 | 47.4 | 48.6 | 49.6 | 50.9 [ 52.0 | 53.1 | 54.2 | 30
37.0(39.1 | 41,1 [43.2 45,1 |46.6|47.9(49.1150.4|51.6{52.7|53.9]550]56.2| 31
38.1|40.2|42.3 ( 44.4 | 46.7 | 48.2 | 49.6 | 50.8 | 52.1 | 53.4 | 54.6 | 55.8 | 57.0 | 58.1 32
39.2|41.3 | 43.5 | 45.7 | 48.2 | 49.9 | 51.2 | 52.5 | 53.9 | 55.1 | 56.4 | 57.6 | 58.9 | 60.1 33
49.8 | 51.5 | 52,9 | 54.3 | 55.6 | 56.9 | 58.2 | 59,5 | 60.8 | 62.0 | 34
54,6 | 56.0 | 57.4 | 58.7 | 60.1 | 61.4 | 62.7 | 64.0 | 35
59.1 | 60.5 | 61.9 | 63.3 | 64.6 | 66,0 | 36
63.8 | 65.2 | 66.6 1 68.0 | 37
68.5 | 69.9 | 38
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Appendix 3—2.
N D
AN 4 [ 8 10 12 14 16 18 20 22 24 26 28 30 32
H N\
3 ]0.60.8
4 0.811.1]|1.4]1.8
5 1.0}1.4)1.8]12.2| 2.2 2.6
6 |1.1|1.6}2.1]|2.6]| 2.8 3.2| 3.6 3.9| 4.4 4.4
7 1.3/11.8]12.4(3.0] 3.3| 3.8| 4,2| 4.7| 5.2| 5.2
8 1.5]12.2|2,8|3.4] 3.8| 4.4| 4.9| 5.4| 6.0 6.1
9 2,3|3.1[3.8] 4.3| 5.0 5.6| 6.2 6.8 7.0 7.5 7.9 8.3 8.7
10 2.7 3.4 4.2 | 4,9 5.6| 6.3| 6.9| 7.6 7.9 8.4 8.9 9.4 9.9
11 2,813.8|4.6| 5.4| 6.2 7.0| 7.7| 8.5 8.9 9.4 10.0| 10.5 | 11.0| 11.6
12 4,0 4.9 6.0 6,9] 7.7| 8.6| 9.4 9.6 ]10.5 | 11.0|11.6 | 12.2| 12.8
13 4,45.3| 6.6 7.5| 8.4 9.3/10.2|10.8 ] 11.5 | 12.2| 12.8 | 13.4 ] 14,1
14 4,6 |5.7] 7.1| 8.1} 9.1]10.1] 11,1 | 11.8|12.5 | 13.2 | 14.0| 14,7 | 15,3
15 5.0 6.1 7.7| 8.8| 9.9]10.9]| 12,0 12.8 | 13.6 | 14.4 | 15.1 | 15.9 | 16.7
16 6.5 | 8.2| 9.4|10.611.7| 12.8 | 13.8 | 14.6 | 15.5 | 16.3 | 17,2 | 18.0
17 6.9 | 8.8(10.1]11.3]12.6|13.8| 14.8 | 15.7 | 16.6 | 17.5 | 18.4 | 19.3
18 7.2 | 9.4(10.8|12.1(13.4]| 14.6 | 15.8 | 16.8 | 17,8 [ 18.7 | 19.7 | 20.6
19 7.6 [10.0]11.4|12.8|14.2} 15.6 | 16.9 | 17,9 | 19.0 | 20.0 | 21.0 | 22.0
20 8.0(10.6|12.113.6]15.0| 16.4 | 17.9 | 19.0 | 20.2 | 21.2 | 22,3 | 23.3
21 14.315.8| 17,4 | 19.0 [ 20.2 | 21.4 | 22,5 | 23.6 | 24.7
22 15,116,721 18,3 | 20.0 | 21.3 { 22.5 | 23.8 | 24.9 | 26.1
23 15.8(17.6] 19,2 { 21.1 | 22.4 | 23.7 | 25.0 | 26.3 | 27.5
24 16.6|18.4] 20,2 | 22.2 | 23.6 | 25.0 | 26.3 | 27.6 | 28.9
25 17.419.2| 21.1 | 23.3 | 24.8 { 26.2 | 27.6 | 29.0 | 30.3
26 22.0| 24,3 | 25.9 | 27.4 | 28.9 | 30.4 | 31.8
27 23.0 | 25.4 | 27.1 | 28.6 [ 30,2 | 31.7 | 33.2
28 23.9 | 26.6 | 28.2 | 29.9 | 31.5 | 33.1 | 34.7
29 24,8 27.729.5|31.2|32.9| 34.5 | 36,1
30 32.4 | 34.2 | 35.9| 37.6
31 39,1
32 40.6
33 42,1
34
35
36
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BXe ./ + v/d %

34 36 38 40 42 44 46 48 50 52 54 56 58 60 b o
< H

3

4

)

6

7

3

9

10

12.1 [ 12.6 | 13.0 | 13.6 11

13.4 1 13.9 | 14,5 | 15.0 12

14,7 |1 15.3 | 15.9 | 16.5 13

16.0 | 16.7 | 17.3 [ 18.0 | 18.6 14

17,4 [ 18.1 | 18.8 | 19.5 [ 20.2 | 20.9 | 21.5 15

18.8 1 19.5 | 20.3 | 21.0 | 21.8 | 22.5 | 23.2 | 24.0 | 24.7 16

20.1120.8 | 21.8 | 22.6 | 23.4 | 24.2 | 25,0 | 25.7 | 26.5 | 27.2 | 28.0 17

21.5122.4 | 23.3 | 24.2 | 25.0| 25.9 | 26.7 | 27.5 | 28.3 | 29.1 | 29.9 | 30.7 | 31.5 | 32.2| 18

22,9 | 23.9 | 24.8 | 25.8 | 26.7 | 27.6 | 28.4 | 29.3 | 30.2 | 31.0 | 31.9 | 32.7 | 33.5 | 34.4 19

24.4 | 25.1 | 26.4)27.4|28.3(29.3(30.2|31.2|32,1|33.6|33.8|34.7[35.6]|355| 20

25.8126.9|27.9129.0|30.0|31.0 | 32.033.0]33.9(34.9|35.8|36.8|37.7 | 388.6 | 21

27.3 | 28.4|29.5|30.6 |31.7 [32.8|33.8)34.8|35.9(36.9|37.9|38.9(39.8 |40.8| 22

28.7 [ 29.9|31.1|32.2|33.4|34.535.6|36.7 | 37.8]38.8[39.9 | 41.0 | 42.0 | 43.0] 23

30.2)31.4[32.7(33.9|35.1|36.3|37.4|38.6]39.7]40.8|41.9|43.0 | 44.1 | 45.2 | 24

31.7 | 33.0 34,3 35.6 | 36.8 | 38.0 | 39.3 | 40.5 | 41,7 | 42.8 | 44.0 | 45.2 | 46.3 | 47.4| 25

33.2 |1 34.6135.9)37.2|38.6|39.841.1|42.4|43.6|44.9| 46.1 | 47.3|48.5 | 9.7 | 26

34.7 [ 36,1 37.5)|38.9 | 40.3 | 41.6 | 43.0| 44.3 | 45.6 | 46.9 | 48.2 | 29.4 [ 50.7 | 51.9 | 27

36.2|37.7 | 39.2 | 40.6 | 42.0 | 43.4 [ 44.9 | 46.2 | 47.6 | 48.9 | 50.3 | 51.6 | 52.9 | 54.2| 28

37.7 1 39.3 | 40.8 | 42.3 | 43.8 | 45.3 | 46.7 | 48.2 | 49.6 | 51.0 | 52.4 | 53.8 [ 55.1 | 56.5 | 29

39.2 140.9 1 42.5| 44.0 | 45.6 | 47.1 | 48.6 ] 50.2 { 51.6 | 53.1 | 54.5 | 56.0 | 57.4 | 58.8 | 30

40.8 |1 42.5 1 44.1 | 45.8 | 47.4 [ 49.0 | 50.6 | 52,1 | 53.6 [ 55.2 | 56.7 | 58.1 | 59.6 | 61.1 | 31

42,4 44,1 | 45.9 | 47.5 | 49.2| 50.8 | 52.5 | 54.1 | 55,7 | 57.2| 58,8 | 60.4 | 61.9 | 63.4 | 32

43.9 [ 45.7 | 47.5 | 49.3 | 51.0 | 52.7 | 54.4 | 56.1 | 57.7 [ 59.4 | 61.0 | 62.6 | 64.2 | 65.7 | 33

52.8 | 54.6 | 56.4 | 58.1 | 59.8 | 61.5 | 63.2 | 64.8 | 66.4 | 68.1 | 3¢

58.3|60.161.9|63.6|65.4|67.0|68.7 | 70.4| 35

64.0 | 65.8 | 67.5 [ 69.3 | 71.1 | 72,8 | 36

69.8|71.6|73.4 | 75,2 | 37
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Appendix 3—3.

Y 4 | 6| 8 10|12 ] 14|16 | 18| 20 | 22| 24 | 26 | 28 | 30
H .

¢ o8| 1|4l 7| 19| 2.2} 25| 2.7

5 1,0 1.3]|1.8]2.1 2,41 2.8| 3.1 3.4 3.8 4.1 4.4 4.7

6 |n1|e|20|25]| 29| 3.4] 38| 41| 45| 49| 53| s5.7] 60| 7.0
7 |n3|1.8|2.4|29| 3.¢| 3.9| 4.4| 48] 53| 57| 6.2| 6.6| 7.1| 8.0
g |1.5|22|28[33] 3.9| 44| 5.0| 55| 61| 65| 7.1| 7.6| 8.1| 2.1
9 |n7]28]381|37]| 43| 5.0| 5.6] 6.2| 6.8] 7.4| 8.0] 85| 91101
10 |:.9)2.7]34]|42]| 4.8 5.6 6.3| 6.9] 7.6| 8.2| 8.8 9.5]10.1]11.2
11 |2.1]30|38|46]| 53| 61| 69| 7.6 83| 9.0 9.7|10.4] 111|122
12 |2.3]3.2|4.1|5.0] s.8[ 6.6 7.5 8.3 9.1| 9.9|10.6|11.¢]12.1|13.3
13 |2.5|3.5|4.5|5.4] 6.3| 7.2| 8.1] 9.0 9.9|10.7 11.5[12.3|13.1|14.3
14 3.7|4.8|5.8| 6.8 7.8| 8.8| 9.7|10.6 | 11.5 1 12.413.3 1 14.1 | 15.3 ]
15 a.0|5.1(62| 7.3| 8.4| 9.4)10.4| 1.4 12.3"13.3 ] 14.2 15.2 16.3
16 5.5 6.7 78| 8.9|10.0|11.: 121|181 142|152 16,2 ] 17.2
17 5.9 7.1 82| 9.4|10.6[11.7|12.9] 140 15.1 [ 16.2 | 17.2 | 18.3
18 7.5| 8.710.0!11.3 12,4 13,7 | 12.8 | 16.0 17.1.18.2 19.3
19 9.2|10.6|11.9|13.2| 14.4 | 15.6 | 16.8 | 18.0 | 19.2 | 20.3
20 9.7 11.1|12.5013.8| 15,2 | 16.5 | 17.8 | 19.0 | 20.2 | 21.3
21 w 10.2 11,7 [13.114.6| 15.9 | 17.3 | 18.6 | 20.0 | 21.3 | 22.3
22 ; 12.3[13.8 [ 15.2| 16,7 | 18.1 | 19.5 | 20.9 | 22.3 | 23.3
23 12.8 [ 14.4 15,9 17.5 | 19.0 | 20.4 | 21.9 | 23.3 | 24.3
24 13.2|15.0/16.6| 18.2 | 19.8 | 21.3 | 22.8 | 2¢.3 | 25.3
S 13.9]15.6 ! 17.3| 19.0 | 20.6 | 22.2 | 23.8 | 25.4 | 26.3
26 19.8 | 21.4 | 23.1 | 24.7 | 26.4 | 27.3
27 22.2 | 24.0 | 25.7 | 27.4 | 28,2
28 23.1 | 24,9 | 26.7 | 28.4 | 25.2
29 25.8 | 27.6 | 29.4 | 30.2
30 30.5 | 31.2
31 31.5 | 32.2
32

33

34

35

oom\o'oo—‘»—-

i
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B TH=Y vid &

D
34 36 38 40 42 44 46 48 50 52 54 56 58 60 /
i /S H
4
5
8.8 | 9.2 9.7 ) 6
9.9110.5]10.91 11,1} 11.4,11.6 7
1.1 1,7 112,1112,5112,7 12,9 13.3 8
12.2112.8 [ 13.4  13.8 | 14.0 [ 14.3 | 14.8 [ 15.3 | 16.0 9
13.3 | 14.0 | 14,6 ‘ 15.1 | 15,4 [ 15.7 | 16.2 | 16.8 | 17.5 | 18,3 | 19.0 10
14.4 | 15.1 | 15.8 | 6.2 16.5 | 16.9 | 17.6 18.3 [ 19.1 ] 19.9] 20.6 | 21.4 | 22.2 11
15,41 16.2|16.9| 17.5| 17.8 | 18.2 | 19.0 | 19.8 | 20.6 | 21.5 1 22,53 | 23.1 | 23.9 | 24.3 12
16.4 [ 17.3 | 18,2 | 18.7 ) 19.1 | 19.6 | 20,4 | 21.3 | 22.2 | 23.0 | 23.9 1 24,8 ! 25,7 | 26.6 13
17.5 ] 18,4 [ 19.3 | 20.0| 20.4 | 20.9 i 21.8 | 22,7 | 23.7 | 22.6 | 25.6 | 26.5 | 27.5 | 28.4 14
18.5 | 19.4 (20,4 ]121.1121,6122,2({23.1 (24,1 (25.2|26.2|27.2|28.2| 29,2 30.2 15
19.5 | 20.5 | 21.5 | 22.3 | 22.8  23.5| 24.5 | 25.6 | 26.6 | 27.7 | 28.8 | 29.9 | 30.9 | 3z.0 16
20.4 | 21.5| 22.6 | 23,4 23,9 | 24.7 | 25.9|27.0| 28.1|29,3|30.4]|31.8]| 32,6 33.8 17
21.4 1 22.5 | 238.7 | 24.6 | 25.2 | 26.0 | 27.2 | 28.4 | 29.6 | 30.8 | 32.0 | 33.1 | 34.3 | 35.5 18
22.4 | 25.6 ' 24.7 1 25,7 | 26.4 | 27.3 | 28.5 | 29.8 | 31,0 | 32.3 | 33.5| 34.8 | 36.0 | 37.3 19
23.3 | 24.6(25.8 | 26.9|27.6| 28.6(29.9]31.2|32,5|33.8[35.1]36.4]37.7! 9.0 20
24,31 25,5 26.8|27.928.6(29.8]31.2]32.633.9]35.3|36.6|38.0]|39.4| 0.7 21
25.2126.5(27.8[29.2]30.031.132.5|33.935.4]36.8|38.2|39.6| 41.0| ¢2.5| 22
26.1(27.5(28,9(30.2|31.1|32.433.8[3.3!/36.8(38.3|39.7|41.2| 42.7| 42,2 23
27,0 [ 28.5 | 29.9|31.3)32.2133.6|35.1|35.7|38,2|39.7|41.3]|42.8! 44.3| 45.9| 24
28.0 [ 29.4 | 30.9 | 32.3 ; 33.3 | 34.8 | 36.4 | 38.0 | 39.6 | 41.2 | 42.8 | 44,¢ | 46.0 | 47.6 | 25
28.9 [ 30.24 | 31.9|33.4 | 34.4 | 36,1 37,7 | 39.4 | 41.0 | 42,7 | 44.3 | 45.9 | 47.6 | 49.2 | 26
29.8 | 31.3 | 32.9| 34.4 | 35.6 | 37.3 | 39.0 | 40.7 | 42,4 | 44,1 | 45.8 | 47.5 | 49.2 | 0.9 | 27
30.6 1 32.3| 33.9 i 33.5 | 36.8 | 38.5 | 40.3 | 42.0 | 43.8 [ 45.6 | 47.3 | ¢9.1 | 50.8 | 52,6 | 28
31.5 | 33.2| 34.8 1 36.5 [ 38.0 | 39.7 | 41.7 | 43.4 | 45.2 | 47.0 | 48.8 | 50.6 | 52.4 | 54.3 | 29
32,4 [ 34.1 | 35.8[37.5(39.1 | 4..0| 42.8B | 44.7 | 46.6 | 48.4 | 50.3 | 52.2 | 54.1 | 55.9 | 30
33.3|35.0 | 36.8[38.5|40.3|42,2| 44.1 | 46.0 | 48.0 | 49.9 | 51.8 | 53,7 | 55.7 | 57.6 | 31
35.9 | 37.7 [ 39.5 | 41,4 | 43.4 | 45.4 | 47.4 | 49.3 | 51.3 | 53.3 | 55.3 | 57.2| 59.2 32
44,6 | 4€.6 | 6.7 | 50.7 | 52.7 | 54.8 | 36.8 | 58.8 | 60.9 ! 33
52.1 | 54.2|56.2|58.3| 60.4 | 62.5| 34
) 4.1 | 35
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Appendix 3 —4.
Nz
4 | 6 8 [ 10| 12| 14 | 16 18 20 22 24 26 28 30 32
H
3 1o '
4 10.7|10.9]1.2|1.4
5 lo.o|2|t.s|1.8|2.1] 2.4| 2.7
6 |1.0{1.5]|1.9]22]z26]| 2.9] 3.3| 36| 40
7z 2|z )2.1]2.6(31] 35| 3.9| 43| 4.7
8 |1.4]2.0/2.5(3.0]|3.5]| 40| 45| 4.9| 5.4 5.8 6.3| 67| 7.2| 7.6
s |1.6]23|29!35|4.0]| 4.6} 5.1 5.7| 6.2| 6.7 | 7.2| 7.7| 8.2| 8.6
10 [1.8}12.5[3.3|3.9|4.5]| 5.1| 5.8| 6.2| 6.9| 7.5| 8.0| 8.6]| 9.2 9.7
11 2.8(3.6|4.3|5.0| 5.7| 6.4 7.1| 7,7"' 83| 9.0! 9.6]10.2|10.8 | 11.4
12 3.213.9{4.7|5.5| 63| 7.0| 7.7| 85| 91| 9.8 ]10.5|11.2|11.9 |12.5
13 4.3(5.2]6.0| 6.9; 7.7| 8.4 9.3110.0]10.8 | 11.5]12.2|12.9 [ 13.7
14 4.6 5.6 (6.5| 7.4| 8.3} 9.2|10.0]10.9|11.7 [12.5|13.3 | 14.0 | 14.8
15 6.1|7.1| 8.0 8.9 9.9[10.8|11.7|12.6 |13.5| 14.3 | 15.0 | 16.0
16 6.5|7.6| 8.6 9.6|10.6|11.6|12.5|13.5|14.4[15.4|16.3 | 17.2
17 8.1 9.2]/10.3|11.3]|12.4|13.4| 14,4 15.4 | 16.4|17.4 | 18.3
18 8.6 9.8[10.9]12.1]13.2|14.3 | 15.4 | 16.4 | 17.5| 18.5 | 19.5
19 10,4 [ 11.6| 12.8 | 14.0 | 15.2 | 16.3 | 17.4 | 18.5 | 19.6 | 20.8
20 11,012.3! 13.6 | 14.8 | 16.0 | 17.3 | 18.5 | 19.6 | 20.8 | 21.9
21 13,0 14.3 | 15,7 | 17.0 | 18,2 | 19.5 [ 20.7 | 21.9 | 23.2
22 13.7]15.1 | 16.5 | 17.8 | 19.2 | 20.5 | 21.8 | 23.1 | 24.4
23 15,8 | 17,3 | 18.7 | 20,1 | 21.5 | 22.9 | 24,2 | 25.6
24 16,6 | 18.1 | 19.6 | 21.0 | 22.6 | 24.0 | 25.4 | 26.8
25 19.0 | 20.5 22,0 23.6 | 25.1 | 26.6 | 28.0
26 19.8 | 21.4 | 23.0 | 24.6 | 26.2 | 27.7 | 29.3
27 22.3 | 24.0|25.7 [ 27,3 | 28.9 | 30.5
28 23.2 | 25.0 | 26.7 | 28,4 30.1 | 31.8
29 26.0 | 27.8 | 29.5 | 31.3 | 33.0
30 27.0| 28.8 | 30.6 | 32.5 | 34.3
31 33.6 | 35.5
32 34.8 | 36.3
33
34
35
36
37
38
39
40
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MRRIER old %

34 36 38 40 42 44 46 48 50 32 54 56 58 60 D,/
- H
? 3
4
3
6
7
8
9
10
12.0 [ 12.6 [ 13.1 | 13.7 [ 14.3 | 14.8 | 15.4 | 11
13.2 13,8 14,4 151 | 15.7 [ 16.3 ] 16.9 12
14.4 | 14,7 [15.8 ) 16.5 [ 17.1 | 17.6 | 18.5 [ 19.2 | 19.8 | 20.5 | 21.1 13
15.6 | 16.4 | 17,1 [ 17.9 [ 18.6 [ 19.3 | 20.1{ 20.8 | 21.5 | 22.2 | 22.9 | 23.6 14

16.8 | 17.6 | 18. 19.3 | 20.1 1 20.9 | 21.7 | 22.4 | 23.2 | 24.0| 24.7 | 25.5 | 26.3 | 27.4 15
18.1 | 18.9 | 19. 20.7 [ 21.5 | 22,4 | 23.2 | 24.1 | 24.9 | 25.8 | 26.6 | 27.4 | 28.2 | 29.4 16
19.3120.3 | 21. 22.1 ) 23.023.9|24.8|25.7 | 26.6|27.5]28,429.3]30.1 |31.4 17
20.6 ) 21.6 22,6 |23.624.5]25.5|26.5]|27.4]|28.4|29.3]30.2}31.2]32.1]33.4 18
21.8]22.9|23.8|25.0(25.0]27.0|28.1f291{30.1]3l. 32.1 | 33.1 | 34.1 | 35.5 19
23.1124.2|25,326.,4|27.5|28.6129.7|30.831.8]32. 33.9 | 35.0 | 36.0 | 37,5 20
24.3125.5 26,7 |27.9129.0|30.2|31.3|32,5]|33.6 |34, 35.8 | 36.9 | 33.0 | 39.6 21
25.6 | 26.9 | 28.1 29,4 |30.6 | 31.8|33.0|34.2 | 35.4 | 36. 37.7 |1 38.9 ] 40.0 | 41.6 | 22
26.9128.2129.530.8|32.1|33.4|34.6|35.9]37.1 | 38, 39.6 | 40.8 | 42, 43.7 23

0
28.2129.5130.932.3|33.6|35.0|36.3]37.6(38.9] 40. 41.5]42,8 | 44,0 | 45.8 | 24

1

1

N 0 A — 00 W =

29.5130.9|32.4[33.8|35.2|36.6|38,039.3]|40.7 | 42. 43.4 | 44.7 | 46.
30.8 | 32.3|33.8(35.3|36.7|38.2]39.6|4l.1|42.5] 43. 45.3 | 46,7 | 48. 49.9 | 26
32.1133.7|35.2(36.8|38.3|39.8|41.3|42.8|44.3 | 45. 47.2 | 48,7 | 30. 52.0 | 27
33.435.0]36.7136.3]|39.8 ) 41.4)43.0| 44,5 | 46.1 |47.6|49.1 |50.6|52.2 |54.1 28
34.7 | 36.4 | 38.1 | 39.8 | 41.4 [ 43.0 | 44.7 | 46.3 | 47.9 [ 49.5 | 51.1 | 52.6 | 54.2 | 56.2 | 29
36.0 | 37.8 1 39.5 | 41.3 | 43.0 | 44,7 | 46.4 | 48.0 | 49.7 [ 51.2 | 53.0 | 54.6 | 56.3 | 58.4 30

47.8 | 23

WO N s U N O

[e:]
—

37.4139.2141.0 | 42.8 | 44.5 | 46,3 | 48.1 ) 49.8 | 51.5 | 53.3 | 54.9 | 56.6 | 58.3 | €0.5 31
38.7 1 40.6 | 42,4 [ 44.3 [ 46,1 | 48,0 | 49.8 | 51.6 | 53.4 | 55.1 | 56.9 | 58.7 | 60.4 | 62.6 | 32
47.7 | 49.6 | 51.5 | 53.4 | 55.2 | 57.0 | 58.9 | 60.7 | 62.5 | 64.7 | 33
49.3 | 51.3|583.2|55.1 |57.0(58.960.8(62.7|64.6|66.9| 34
50.9 52,9 [ 54.9 | 56.9 [ 58.9 | 60.8 | 62.8 | 64.7 | 66.7 | 69.0 | 35
52.5| 54.6 | 56.7 | 53.7 | 60.7 | 62.8 | 64.8 | 66.8 | 68.7 | 71.2 | 36
54.1 | 56.3 | £8.4 | 60.5 | 62.7 | 64.7 | 66,7 | 68.8 | 70.8 | 73.3 | 37
55.7 [ 57.9 ) 60.1 | 62.3 | 64.5 | 66.6 | 68,7 | 70.8 [ 72.9 | 75,5 | 38
57.3 59,6 | 61.9|65.1|66.3|68.5|70.7|72.9|75.1)|77.7 | 39
99.0 | 61.3 | 63.6 | 65.9 | 68.2 | 70.5 | 72.7 | 74.9 | 77.2 i 79.8 | 40
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Appendix 4. d2/48 &

L ! o | 5

d \ 1 2 3 4 5 [ F; 8 o 10 11 12 13 14
6 9.0| 2.25] 1.00
8 | 16.0| 4.00| 1.78] 1.00
10 | 25.0] 6.25] 2.78] 1.36| 1.00
12 | 36.0] 9.00] 4.00| 2.25| 1.24| 1.00
14 | 29.0] 12.25| s5.44| 3.06] 1.96| 1.36 .00 |
16 | 64.0 16,00 7.11| 4.,00| 2.56| 1.78]| 1.31| 1.00 '
18 | 81.0| 20.25| 9.00| 5.06| 3.24f 2.25]| 1.65! 1.27| 1.c0
20 |1cc.c| 25.c0| 1111 6.25| 4.00| 2.78| 2.04 1.36| 1.23 1,00
22 |1zi.0| 30.25| 13.44| 7.56| 4.84| 3.36| 2.47| 1.89] 1.49, 1.21] 1.00
24 [144.0| 36.00| 16,00 9.00| 5.76| 4.00| 2.94| 2.25| 1.78| 1.44| 1,19] 1.00
26 |169.0| 42.25| 18.78|10.56| 6.76| 4.69| 3.45| 2.64| 2.09| 1.69| 1.40] 1.17] 1.CO
28 [195.0| 49.00| 21.78(12.25| 7.84| 5.4¢| 4.00| 3.06! 2.42| 1.96] ..62! 1.36, 1.16] 1.00
30 |22s.0| 56.25| 25.00[14.06| 9.00| 6.25| 4.59| 3.52¢ 2.78| 2.25' 1.86| 1.56 1.33| 1.15
32 |256.0| 64.00| 28.44{16.00]10.24| 7. 11| 5.22| 4.00| 3.16| 2.56| 2.12] 1.78| 1.51} 1.31
34 l289.0| 72,25| 32.11018,06[11.56| 8.03( 5.90} 4.52| 3.57| 2.89| 2.39| 2.01| 1.71] 1.47
36 |324.0| 81.00| 36.00(20.25[12.9¢| 9.00| ¢.61' 5.06| 2.00 3.24| 2.68) 2.25| :.92| 1.65
38 |361.0| 90.25| 40.11|22.56|14.44(10.03| 7.37| 5.64] 4.46! 3.61] 2.98] 2,51 2.14| 1,84
40 [400.0)100.00| 44.4¢|25.00[16.00|11.11" 8.16| 6.25| 4.94| 4.00| 3.31 2.78( 2.37 | 2.04
42 | 441.0|110.25| 49.00|27.56(17.64|12.25| 9.00| 6.89| 5.44| 4.41] 3.64  3,06| 2.61| 2.25
44 |484.00121.00| 53.78(30.25(19.36|13.44| 9.88| 7.56! 5.98| 4.84| £.00| 3.36| 2.86 2.47
46 |529.0(132.25| 58.78[33.06|21.16114.69|10.76| 8.27  6.53| 5.29] 4.37| 3.67] 3.13| 2.70
48 |576.0[144.00| 64.00(36.00]|23.04]16.00|11.76| 9.00 7.11| 5.76| 4.76| 4.00{ 3.41| 2.94
50 |625.0[156.25| 69.44(39.06]|25.00(17.36|12.76| 9.77| 7.72| 6.25| 5.17| 4.34| 3.70| 3.19
52 |676.0[169.00| 75.11{42.25|27.04]18.78|12.80110.56| 2.35' 6.76| 5.59] 4.69| 4.00| 3.45
5¢ 1729.0|162.25| 81.00|45.56(29.16/20.25(14.88 11.39| 5.00. 7.29| 6.02| 5.06| 4.31| 3.72
s6 |782.0]196.00| 87.11]49.00(31.36[21.78]16.10]12.25| 9.68| 7.84 6.281 5.44' 4.64| 4.00
58 |821.0210,25| 93.44[52.56133.64|23.36|17.16]13.14|10.38| 8.41| 6.95 5.84| 4,98 4.29
60 |900.01225,00]100.00|56.25]36.00 25.00]13.37 14,061 11.11] 9.00' 7.4¢| 6.25| 5.33| 4.59
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