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DEMBOEEBEMU, BAEH & KOV TEHMITRSRL LIZKILE D TH S,
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EHr o, BEENI Hr, P T T 3 FEBMBEONBERO LS ICUTHET 5,

EHROT—2%2H-T, (1) REHHET S E

bl =0. 014991{1,2.6821,)—0.6468 .............................. (15)
L2, WEETOEMBREIE R=0.9742 &7 - foo RIT, MO T LICHEEED S ORED R (-
DPEFEL, § OBHL 7 7 AFNCEH LTEAE ol =D @—-0)n ZRD B, 2T 7 ARD
F—2¥Th 2,

ZOFEHIR op ZHEESNICFGEMBO 7 5 AFHICHGS € THARABRE LT 2y F 9D L,
Fig. 1 @ X5 li@MEmsBI oG, 25 RA0F— 4% n 2BEH L LTHTRDETS L, COBR
BRAD L HiKIE 5 (R=0.9525),

log op = —1.3534+0. 4275 log #40. 69409
ER‘Y eh”
0o =0.0443200-4265100-80405 L (16)
iz (15) RANRAT 5 L FEBMEIOZSM He & r OB L LTRENICELZ SN S,
ha ¥ D BEFEON ev? ICLDOVTIE, V=rvDBEEH»S
oyl = p3.o,3 = p3(0, 044320043751 00-60408)2 .o an

* (6) RNTIR w=v? LLIEAINEDN TS, CTTvDHHE var (v) B &, Vv O4#Id BEoRER
B 5 var (0) /vt 2155, BARMIBOFRICHAZIENE IS S, w=v'/var (1), (6) TRIH%E 2 E LT
3DT, var Woc? B{ELTNB T LKL B,
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REECOTMPHEE LTI, (6), (7) RTHELK bi~b #EHT 5, WEDHE, ZOMEE b=
0.06433, b= —1.2168, bs°=2351868, b= —4.5033 T, X9 5 @@ 3210.2TH%, ¢ Z17TEHD
REGENEREZ LT198.2 TREL, 7 4 — 2 DFHKE
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BZ o,
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Dispersion of mean stem volume around the Eq. (15).
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S. E. (8) =0.04067, S. E. (8s)=0.1382
S.E. (B) = 116928 , S.E. (8)=0.2918
THbo

(4) SRR

EiRAONIT # — 2 DBERIPBEORED, PTH fy REEBEENEEMO 77% ITEL TV 5,
it gy MOMEBBEL, 7 A~ OBBEEZ L ED © DIMEMPMOTRICIE > THBEMED <
EELREOHERDLNE®, ThabB, @ DECEEZE U by OMBKEELS HEbITTH S,

—%, HHFEBHBICHLT, —EREICELTE 2 LREKRICZ ERABE D, MFEOBRITER
HARKETHRIEZ2EBMONTN S, WhWY3 32 RAITH-T, TOEMDEE K1 & by, by
DEICiZ

Ki=byf(ba—bs) e (18)
DOBFH BY,

T (7) RTEZOND bg, a5 (18) RAEH - T Ky ZFHE LTV B8, HEMICRBIKEEE
KRADF— 25 K1 28 EICEYD, ChiCk->T (18) ROBRIULDE D72 bs, by D¥EB/N_RHEES
L&, £DOEANS, by A 3/2 BULFEERKIC, (1) ROMBIEEEEE B/METALdicxy
oNbCE, T2 FANDHTHEETZLI)URANZEEORRIBRECIIILS FhicUpis, Lt
ST hy i3 Ky OBHEZEEAESEINOBHOBEERFIOTFT—EhoREINS T &ITL B,

(18) REMPYRHETHE, °F 4 —FOEKRMB 1 DFi-» THEEHBRIMKBICA L LRI, X%
W2 F A — S HEEORHEEL DBEIN G,

Z 2T, 160,000 A/ha RO 7 E4EMRST & 4, 200 AK/ha A D 45 E£ED ENERARD O BERK &5
BOF—42050 Ki #BE LT, 2D 22084 D ha ¥ KK -BHER, 2050

Py =143,000 &, V1=28.13 m?
Ps=2733 %, V3=827m?
Th-7T. TNDDH

=10 V]_—IO Yj.:_
1+K; ;g_*_&logpl—logpg 0.8543

Lz, (18) REFES L

bg= (H]é‘{l)b( = (. 460754

MAoNBE, Lich-7T, BB

f =(BLH %%+ gg Hrfs/p) 1

LEXPIOND,
HIREDIRVEE LR UEX TREEMUET - R, 11 HOEYT
B1=0. 23177 S. E. (81) = 0. 03657
Bs= —1.657316  S.E. (8) =0. 04856
Bs=28839.5 S. E. (Bs) = 7463. 4

B.= —3.597388  S.E.(8)=0.1054
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V =(0. 23177 H 1657316 4 28830, 5 Ff r~8-887888/p) ~1....eeviiiieiiinrennnnnnnn 19)

e L,

2, Hb{r B K ph 4R

HEHRRNL, LEAEOEEZEEREOEEIC LT, AYEES ha XD BHROBHEEED LT
Wa, Licdi->T, Hresibicnd 2 BHBEEOBRIE, HEFENMC L TRBEMIGREEATN S
UTHD, TORHABMEDERTERTREEZ 54T, HOIEBEBIC & - THiRL, i, L@
AEERBOHELDOBEHLAE LETHIZESEL,

WATIEBERIT, # 4 FA—TORBRREZ0Eb D OMEBIIO LBATISR SOEERE, Tridc
hooMokEEL 2R TREINS, THbDE, #4 Fh—7 & BHITMKRO ¢ EOEE @),
ha(®) &9 %L, EEOMHE ¢ TLREATIEEE Hr 2 b oMo OMfissk S 12, HMEMEE (reference
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Fig. 2 t F~ v O &
Site index curves of Todo fir.
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The broken line indicates progress of top height in
permanent sample plots.
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age) # AFLLT
S=m(A)+(Hr—hi(®)) - hal A ha(f) -~ oorreerieimiii 20
DEIIFRDLINBE®,

L CCHRBEFBIIHMIERETEET MR TH - T, HHER S oKD 0 LBATSHER, @D R
TRENBXIK, AFDEEH 5L SmiItHFELL{N S,

20) K% Hr 2\ TH &

Hr=h@+(S—h(A)ha(D)ha(A)  creereemmemmmmincennen. 2D
LD, HMEEMNEE ShhL, EROKBICE T 5 LEAESHEMEETE 5 LIt 5,
BIHOERLI2E b Fe Yy ATHIRETERVPOERAEEGRELE L LIC LT, b s 2RO B E
hi(£) =36.73—239.5879(0.9853)¢ = ereereereeriennienn (22)
log ha(8) =0.7293—2.8155(0.8767)F  crerreeeerinieiiniienn 23)
DEIITL B,

D k& k% (21) RIZRAL, &ﬁfﬁﬁé% 304E & LTHIALIES 9, 12, 15, 1Bicxid % LEAF
HREOLERMRAERY 2 L Fig. 2 B2 605, Kicid bigERO 33 BiMCREI LT 5 INEHR
WO ERAEEORSOERENGAEANT S EH, HHEIIO—BERLTNS, 2O &b, UT
BWVTIE (22), (23), (20), (21) XA SHE PN ZHAEBERIC L - T, L, HBE XU LEEA
FHBEORERFRERDL T LILT 5,

3. BRAMELHARMS&

32 &AL, —EEEO AL TE 2EERKE, BROREIIGEUERBB B EEFETS

DT, HADEBAI, ha YOBRHELOBEFRTIOMRARKERT L, WhW RS HEMSG
Vo= Kng1+K1 .............................. (24)
MA S5,

CTT, bRV IEHY A ha D DBKAKT, Ky, Ka RF— 2oL LEHTH S,

Ky 20T, BEENSOT— 255, §TIC —1.8543 LIS ERI S TS, B Kl
TR, T8Ny & LBAYIEME Hr, BXT bs by 00, M3 ECERLM

Rc = v-bgH 1%
AHELT, F—49%0 Re DE/MA Ry 2R 5. Ry RRAFFLBE LINIERT, PFeYT
130.0048 L7155, CDMRMS, Ke BIRATEA OGNS,

TRy Ry WAL s
Ks= by [bs l—Rf]brb4 .......... (25)

M F=r TR, TOMEIR Ka=6.04227 X 108 1275 5%,

LEATEEESE LOHSOMTR, ha M 08HEIT ) RORSHEMMRO LTRATEH S, &
BYld, £EO ha 30 RBuc L, (19 RTHEINIHEE cOBRAMBEOL LB LK E & 517,
S Ry TEDLLTWV B,

V—p PEETIRBHEEHMSSE L33 S00EIE, VWhY2SREBREMBTS - T, —BR

14 =K2/P1+K1 .............................. (25/)
K= by (53— b4)
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(A—-Rp)rbs 1-(1—-Rp)Ryy
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THRbENB, Tbb, (25) RiL (25) AT Ry &1 EBNHEHEEATH 5,
(25) Rid, PEBHEMNEL ONEBEOERKEABROBHRERD LTV A, LEATSORE Hr &
A¥ P iToNTid

K2/=

__Q=RpORy b3 . ,_,
T 1-(1—-RpRy 1711{2'4 :

PRV T B, Lichi- TIREHEIT

P

)
v (1—R;)(%Hr°4"’z +P)
TROENB, £ LZORNHEZ 30, LEAREGHE, K, HROBEERSERIC 19) XTHRbE
NAFPAKITH S, EHEEN (19) RCI2HRELVEBR GBD) kKZiHMBbNE, ThiZE#ED
UARE (Bd) oL OHRSERERES (B EEZRTREE S0, Z0REONEREIL, (25)
RTELOGNLOTH 5D, (25) RREE By KOVWTHL T EMTERY, 20T, —BOBEICH
AT&2% Ry Dlifl e RDTH <,
23, Ry & Ky’ OBFREE ¢, #HO0.5~1.0, (G 0.01 @ Ry IZ2WVT Ky’ %3k, ThEF—

2 & UTERS

Ry=(p+aKy™)1
2HTRHB, b VoY TREERR

»=0.8336, ¢=2165.97, r=—0.713784

R

&7,
—Ji, BY e, BHEV BELONTHBEE, K O (25) Kb

Ks' =V/[/+E1
LIz 20T, LoMRLBhELE, VP BEXY Ry OBGH ‘

Ry = (0. 83362165, 97/ —0-718784p=0.608754) =1 _.o.oiiiiiiniiiiinnins 1¢10)
DEICAOoND, TOERICKYD, Ry B BEMT 2N TERIKHETE 32 LBEID OGN,
554, (19) ROBALT 53T, (26), (27) KDFTHER—EKT 5.

3T, HOIEBERBRTRAEEICGE LK, £0RRESERBGICH > TREKRLERT THL
EEZOoNBY, BRME & RBRIERSRAICET R SRET 5,

AR®WE, 20 X5WBEALEADT, b KD OHE - oD, EFOEMICE 25 BARME 208
BERRATEROLESLELTVS,

1/p=A'v+B’

CCT, v BRSOFEHBRE, A & B BPAKICE-TEE3ERTH S,

RERE SO FEBRMRILEUNIC 0 EHILEIDT, EHM B 13 1 1%L, Tk, A" BT O
BESEEMICELILSOREY, REEEHBROBPESIC—RTLLEXSCLICL-T, 20L&
DR
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ELTEZYD, 35 r,icdd 2R8NS Q) Apd
vy = KoPr51
EBDT, A REFORICEE-T

=)

EW B,

HAD BRI 2= R EDXATHIN, 22T, XFRI 5NV 2HDEFEEZFIBLT,
HARMEB X AMOFRIICHEBIERERDTEL

A’ DIRD Py, vs % Po, K1, Ks TEEMZ, B % P TEDLT &

v

1P =1/pg— — - (5’—)1331

KiKs\ 7> Pl Ky

by
o, (25) REANT, FED o lxtd 2 BARMT] & dhgos

v
VP =100~ epyivFr

DEHICE BB, TTT, vIiIEERHE, ¥

o S

Thd, Ks DffIZ, P F= VT2 2.17927X108 & 78 » 7,
HARMS & 0B@BREFLEHBHMEOBRETROTLULDLITHEY, REROTRITIR, EHEMK
Z PEATEEREIC X - TROTOT, HEDEMICE R IRMBLORBRERDTE
FEATEEEE Hr, K e OXOFHBMEIZ, (8) X b
0= (b H2 P+bsH PO e (29)
THb, CORDFORBABE b L T5L, (28) RERALT,

(b1HTb2 P+ bsHTb4) (l/Po_ l/P) — 71(_57}1—*7(1 =) e (30)

TRbB, HRAY e BEE5L FEOLBAFEMEICE T 2BFERE 2t 30 RO LTHRE
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BHBROTATE, BED HEAEERE AL S, Tk LEAEIBEICNET 2 X85 EHET
ZUNERS D, Chickd, (29 RiCk2BEDEERHFL (28) TRALT po ILONWTHES, F7°
HERAMERDTHS 30) REFA TS, (28), (30) RIFBRHBREIOT, BRELUDHETEL

4. FmBRER L THEE

ZhETOEHBEADO FRIGHE, RSWHEFHC VLT (8) RN 2BEMRLL KD, Mt
ML WA EEEEEREUL bDTH 7Y UL, BEEFAERRETHO O TH 2BMREY
BERIDREFICKE L, TWEEE B THRICEESRERLHETE &, 2hEnoRSHEHY
LB ENSHELEST S,

cokSik, REEBEOEVCNFEINLIKEEYT 5L, NTFETRLT 2 TOMREBEBEL SN S DTHF
FLLARW, 22 TR, FHERE (19 XN SZOoNIRARO TR S, HAETFHOBEKRERIH
UTHERT 2 HEORERAT 5,
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ha Y40 &ML, WATEKE HF CWESHERE G Izk-T
V=G-HF
LEbENS, COKABRER, LBAFOMES KULRELHELRRBEYD, b Moy TRER
MBE ohic,
HF =0.1314+0.4595H7+0. 4541 Ry covorevemmmeenneninin (31)
(R =0.9823)
2T, Hr 3 LBAFEEE, Ry i3 (19 ROTEAMREICH T 2HFOBHBOLT, WWKE (RE
BR) #%bL, R IEHBAFETH 5,
zhick -7T, ha ¥ DREWTERKIZ
G=VI/HF
T 1, WEEEIERER
Dy =200V G/(m-P)

LLTABNS,
BEREOEEREROSENE s TR VRO MEREEHERL D /&L, FFev Tl
D - 0.13+0.9841Dg—0.5125/Ry  ceeererremeeni (32)
(R =0.9975)
OEFEMNH S, CTT, DIEMTOEE, Dy RHEEPEEETSH 5,
5. FAREONE

RERESHERT, LBAPEEELE ABERTLT2—EORIHERTH 2, Fig. 3 Bz LS
wwHiz (19) ROF—2 1T HEARETH 5, RN EHHES—BEITNE, 7—2 2R TAUIFEA
AELEE 1OHEB LI RO TH B4, ZORTIE 400 m3 FIE DK TREDH 100 m? iz $78 5 B4 bt
-T, BERBRLTHITRIE,

DT oFEREVIOHICT B L LbIC, PURMELZRET 2/0DOF LOFEERT I LICT 5,

Fig. 3 12, BU-HERBOL L To DHINATIRER, LEAREEEES XKD 2
FOLTRAACRBTE T, BELEOLDICE LK EEOROERTT 2 ENN FBLELC L%
RLTWS,

THME & D BREMEOBLERNL, ALOBARKL-T, 52 SNEEREIHE L2 HER
TERBHP-IHTHD, EMEOSOHAE, £OBBOREREICE U TEENEN X D EHoPIHEREE
KITohTEdDEELOND,

zDEFBOEREA, EMFLE (19) RCL 3 THHBROKTEDL, L5 Ry TRT. ZOMIIIN
HELRERCHITIID L L ETHELNIUAELFELERDEDTH 5,

HAEEDENEZRT Ry BEBZ ohhid, ChEHESRRE UTTUHEZR LXECEM8TES
B, EEEICIE, Ry REMBMEA SN TR LD THETEZHTHS . COY, Ry OMBRIEEN
BBLETH D, CNERDLDICEL S,

EEATHEEEAKPS Q9 RTHEZEHZE, (B1), (B2 Rick-THZ Shr-EHEMIHA
BN EREERLTOAKS, THbb Rr=1.0 e 3 BEHENET 5, oML, BE
KOO FHEEOKRE Rp L T2&, P FoY TREEOMICROBERISERIYT S (Fig. 4),
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Relationship between relative stand volume (Ry)
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Ry=—0.8238+1.8202Rp e (33)
(r =0.9726)

L7cioT, PHERERZZLZXD, Ry A HELTCTRAMBERMET 5 L08TE 5%, Fig.3 &
BLF— 22T cOFETHEMFEHEL, EMRBICHLT oy +95E Fig. 5 OX51Ci
5o BWIEMEE EMHEOEOEEFER, MERD 49.7m8 55 11.8ms & 14 DTiciP T3,

Fkkic, FRIHMHIC B REHEA L TASh 3 THKERD» S, RENERE SO Re Z3H L, Ry
EOBEFRERD T

RV =0. 0047_5_0. 9983RG .............................. (34)
(r =0.9752)
LB, BREMELD Sy 4 —Y v LIETHIEREZNES 22O NEHKL 5, BMICENTILAREE
HESET 5iTid (34 R 2OBERNTH 2%,

UABERKAIEEICERUARTH S L8~/ Fig. 6 HohERTrew, Fig. 5 oF—20hh
5, LEAEEBELEAMMNIIEELL, IRELREDHIRDERBATHEOMMEHBELIZEDT
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Relationship between actual and corrected stand volume.
Correction factor Ry is estimated from Rp by Eq. (33).

* EHAEMBICIE, RrERe ELTHE0, TRFEEEMALINTONT Re=(Rp)? ZRVBL$TE 2,
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ERIZODIE, RriZ141% & 6% TH 5, C ¥XU D OKATHEMRT, LEAFSEHEL 10.1m
£10.3m, A 2,330 A&/ha & 2,560 K/ha gL, Ry i 149% B LU 5% TH 3, R S LS &
512, Ry DRXVHLD BWEIR FERICEA-TOED, Ry O/ME0 B BEU D TREBORVREL
DT -TO B, CDOEIEBHNOETZERDD LD, BOERICBIT 3 MOME L DBEARED
ERbBEEIOND, T, TUHALZVRBERSTALUARBEOREEINRI TS Ry IJEL
12 B EMAE 5,

Table 1 i3, BRROEBEN b F= Y PWEMHKORET, Ry OERY XA H YV OBRXEDENT 0y b
1D 90% 5, AED20% 52T LAH Y "BEDETO P 3D 4% T, AREL LT3, A
Mric, HAMOEBZRTEZE, WEOEBHRED, V540 v "ORZESBNMZERED,

ZOfiE, ATHOVHERDOBRE CHIO—RIELE0 52 L3, MREEREFEMIY S ETHE
B EERLTN S,
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VAR S SICEEME & bICENRL, EMRTHIBECEREEMATHLENT S, Fig. 713, 19
RORERFER LicF— 2 OhOFEERBRRRMOMEHEIC K > T, 5 FHMOIREDEER LK
bDTH 3,

F - ZDOREATIE, WEIXOPRKOIAENKEL, PROEIIMNEL BT EEATEEZOEE
BRbF»Ths, FHRKCHRBTbR L SO, 7 2BMBOHHARTRN, XTABED

Table 1. [KEHOBRLUN: P F= Y W OIIAE
Difference of degree of stocking in even aged young Todo fir
stands caused by mixture rate difference of broad leaved trees

’ — alg s
Fay b W E éﬁgﬁg Sjﬁﬁg Nylfer }lllja:l ? £C Evb ?@6)& "Deglfge of
Sample | Species height | diametor Ao B B & s stocking
(m) (cm) troes (m?® iameter | Height (%)
Todo fir 7.9 8.1 2, 549 61.1 12 8 90
) Birch 10. 9 90 3.8 ! |
Others 7.0 8 0.2 !
Total 2, 647 65.1 ‘ 1
Todo fir 7.6 7.0 2,132 37.1 24 12 65
Birch 10. 3 463 19.8
z Others 7.9 25 0.5
Total 2, 620 57, 4
Todo fir 7.3 5.7 [ 2,242 23.9 27 14 44
Birch ! 9.1 617 19,8
3 Others 5.2 33 0.2
Total 2,892 43.9 |
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Relationship between actual and predicted stand volume
by considering the change of Ry in five year period.
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O : Unthinned stands, @ : Thinned stands at the beginning of period.

BAROBE EZOBOEAER LTS, ZOMEP D, IWARELELLEOLRE L THERRER
WhHE, BLHEEILLEEC &b,
Fig. 7 i/l Lic 7 — & b, IARBEOHMNELO TR ERD 5 &
RVY=2- 28456_0-7313/RVX .............................. (35)
(r =0.8815)
E15B, TLT, Ryy, Ryx REIRBIUHMEONAETEH 2.

(35) RUC & BEIRLABED FRMEEER L THERREIEL, THREHETZE Fig 8 0L5ic
M5, COEEDEMREBEMREOEOERERER, YAEDO TRIBEEID - 272)iC 24.6 m3 /S
%,

31), (32) RCHLI & HIT, UABERHAEIRG, FHEEL L L SRIETERES 5,

6. RMXEDOMYIKEE

g T, FEMERTAKBORS 40% DRTHNE, BREMRICELTS Q) X dicoLah
T&®, TOREICLENIE, LERTEMEE & ARMERETHRENRES -RIMNMTEE 5 LIl
Bh, EEICRARERESS L TLRIRAROBEDIEFICE - THRMERRRIZNWANSICELTED
T, COHNBICLZBEMHOMEBER LV, o), FEEROBAFEICH LcRERRONEE
HEERNT 5.
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Warrack3®, Jorrcensen®® |3, RO BMMHRNOFEHERZE D icdd 2BHEARDERERE Dr Ol
KE-THEBNICEDLEZE LTS, T2bDb, HREOXMI Dr/D ODREZICL-T

0.65 LI'F B R
0.65~0.75 TR
0.75~0.90 SREED T BRI~ R O _EEMIER
0.90~1.00 MED LERk
1.00 2Lk IRIRHIRE R
D& B,
Bt EBARMOMIROEE L SHREMRRICHT 2R EMEEE Dy/D OBFEERDZ L
log Prv =0.0213+0.9422 log Pry+2.6329 log (Dg/D) «+:ereereeees (36)
(R =0.9865)

&1 T, HEEMBEBMERLEREIZ Fig. 9 O &k 5 ITRIFRESIEERT .

T T, Pry RMBEMRRE, Pry BREEERERT, Dr/D E RO EHERICHT 2MEADTEY
BHEOWTH 5,

MREDOHMBRNE PR EHRO LTHRA LN B LT ARRD EL Lich->T, ERD Dr/D %
rRAESEEICEE ML L, EHERKZ0.8149 ITETL, BNl LEAEOMERERLSES
ZIREIL,

MREOHMER, BERX (1-Prv) LARNOHBEOE TS S, COFETHELLEREHEOF -2
KT 2EEEIBDTRIFT (Fig. 10), EAMEEOXOBERRFZRIHLTHICLIMITH S,

MRAORE S EEERIT, AKBREL Dr/D IhoBEEHE SN, FLBEROVHERIIMIE
BIOEHER & HURADFEEHES, S

__P .
Dr= ;Q,CITJI;TDT_ [T U U U (37)
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estimated thinning rate in volume 5
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EEAMMR&KE Estimated thinning rate in volume
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LLTRHONE, 2T, D, Dr, Dr ZENENMRM, HRA, BEAOEHEZRETHSE,
Bigic, FEMER IBATEOEE, A UARIEERIERRDD, ROLSICRDLTENTE
%o
Hy = —0.84+1,0341H7—0.3578HrA/ P [(I00Ry) woreereeeseessnee: (38)
(R =0.9831)
T T, Hy 3RS, Hr  EEAEEE, pid ha ¥OAKMTH S,
R ARIC DT,
Pruy=Hyr Pr{(Hy )

LB E*
log Pra = 0.0267+1.0252 log Pry+0.5230 log (Dp/D): - wwomes (39)
(R =0.9920)
DREEHA 5ND,
TCT, Hur, priZERAOFEME LAY, Pryv BAKRBRET, Dr/D 33 xICEHLRRE
DRETH 5.
HEA L BEAOTFAMER, (39) RTHERAERIKIEUTHEENS Pra D% - T
HMT=PTH'HM/PTN .............................. (40)
Hyr=U—Pra)Hul(1— Prx) e 41

THEAONE, (38) BLY (40) ATHERMEL HRADFEMEEHREL, R7— 2 k¥ 5L Fig.
11, Fig. 12 D&KL 3,

* Pry BREMRATOMBEO GO T AR KOBE DA O TH 5,
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Relationship between actual and estimated
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Estimates are given by Eq. (38).

RAFMB®E Actual average height (m)

20
o]
o/0
(o]
4
o
o/
I5 3
of
[o]
o [¢]
Q,
e
4
°/°o
o
v
10 J
A2
o)
°o/
A
55 10 5 20

#ETHME Estimated average height (m)
Fig. 12 ¢ 3 #f & o it & (ERA)

Relationship between actual and estimated
average height of thinnings.

Estimates are given by Eq. (40) using average
height of stand before thinning.
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HEABETIRRE T E

Read inmitial Stand comdition
sl Age
Hs. Tap height
Fii No.of stems per ha
Ds ' Average diameter

|

Site imdex _]
S £, (3034 (Ms- £.(6)) fa O0). G Cha)

Thaoretical volume per ha 4

- ~3.497308,
Ve=(oxaimy H,l'm"‘¢ 28237.& H, Zf_’,)

Ferm height
HE = 0.13/% +0.989& Hy + 04d¢ixto

|

Theeretical average diamter
Dy 200 [ Ve /CHE s 7 %8, )
D= 04340984/ Dy - 0.613% [10

Rejebiive diameter and volume
Re= 0, /p

Res = -0.82s8 + 18293 Rp

I

Corrected volume
Vs = Ve x Rys

I

Average shund height
Hu=-0.84 + o341 Hs to. -.34'75‘/.—8—//!,,

J Step 3

T

Read t: Target age of frediction
P : Thinning Tate in no of stems

Dr/p: Thinning  mathod

No. of stems
Tfh'nm‘u?s P B: Box P
Residuals : fr= L Cr-FPm)

Vo lume
Thinning rate : lag Fry = coar2e0 yua ré7 Loy Pru
+2.432 13714] br/p)
Th mings Vs Vsx Pry
Residuals . Vo= Vs-Vy

é)
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®

1
AV.:V&TQ diameter
Thinnings: Dy = Dsx (Dr /D)
Residuals' Dg= (D= PraxDy ) A1-Pov)

Avernge he'ght
Loy P = 0.02445 4/ 0282 0oy Pruto.bz2s oy )
Th/nmng-r " Hur = PraxHu / Pra
Residuals : Hug = (1= Pry ) Hra /Ci- Pru)

Step &

Frediction of
Top height : Hy= £+ (5-§,0m) Fulh)/fu (30)
Relative volume : Ry = 225047 exp (00,5 /Res )
Initiaf density of plamting £

No, of stems P!

| %3
2793702 £ MW p

— 188730 ~3.40252
(o.21mHy  _pr28939.8He )(Vf,‘%)
/

—_— e s0a
2/ 9927025 212
Theoretical volume !
~1.6573:6 -atz7388, =t
Ve=(o 22177 H, + 28839 & Ji, 4 A7)

Corvected wolume
V= Vi x Ry
Ferm )Ie.';kt:
HE = o.10r4 +0. wbp& He + 0. &b/ Ry
Average diameter
Dy = 2o [VTHEVEES
D= o.y340 784/ Dy ~ou4s28 /R,
Avef-?e he;,hb

Ht = ~o0.8% t hossl He=o0o3s s Hy S R,

Fig. 13 #EHRRC K ZNHETH > R F &
Yield prediction system based on the equation
of yield-density effect.
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7. FR 2T LDIKE

ZHETORREE LD L, MRAFENONEFHDO YA T AEMATEENTES, COTHF
JH% Fig. 13 070 —F +— MZX - THHThRIRO L HiciE 3,
step 1

WREADWKE £, LEATFEEE He A e, FHERE D 27— 5 THRT 5.
step 2

ts & Hy HOHNEY S 2k 5,
step 3

L ICHY S ha YOHEBHE Ve, BIRA HF, WERFHHEE Dy 8 XCEHEE D 2HE TS, C
N5 Rp 2R, BREDUKE Rv, EHBE V, 28, 351, FHBE Huy 2HET 5.
step 4

LRI B U BAKMIRE Pry & Dr/D LOEES LU TFHOEEEH t 27— 2L LTEX 5,
step 5

YRR 0 THNT, BEKRIBEZOET T THOMREL LMD, step 7 s,
step 6

FRAEE pr, BREEAREKY Pr, MREMIRE Pry, MIRAME Ve, BEKRHR Ve BRATSER
Dr, BFEAEHEE Dr, BRA, BEROEGME Hur & Hyr %35 T 5,
step 7

HWAERMRIC L - T, ¢ F£0 LBATEGHE H, 2HET 2, ¢ £OIKE Ry 2R, it FOD
BEAKR rz EHBE Ve 90, BT 2HBERR P EHH TS5, ChiCE-T, tFORRETFRILT
MEHBEHRAD > F R Ve Z2RD D0 LT, BRE, MEHFIER, FOEEOICHTLED
BRICHOMEEEET 5.
step 8

ZLTF— 28 b->ToNE, FRFERKRTTHS, £ITER0NIE, WEFHELLIFEDLV
D, Ry 2H LD HAEEDMEE LT step 4 »SOHEERET,

8. i% L3 |

(1) HEHRRLCOETIKERETFVI, BRREBEOEEOHEELEDT, HODERRARETEL
CHEMT B, UL, BEKFOMRGENOINHEFRICERT 21K, FTAMEOEHIS W THELE
THERAMNEENTV B,

(2) REFEDHREROEHREOHEERRL, HEEUCLIRN_RIETOHEEEA T, &%
BEOKSOF~ 2T, BREEEHBROBSERETEL LR, COFRHDEMICK T, HEHRAD
EROMEBEEZE LB I B LERL, TOFELE-TH FeyDRSEEHBRASL LUNEY
EgRRNERD 1,

(3) HE»OMDIBREEZEMCLUTELN LMEHE & MEREAERE S EICLT, MOEYERE
ERDBHEER LI,

(4) BERFSOMBKRENEZEPRASSHESNIBERBLOME TARELERL, Ry THRDOL
foo 2O LT, COEMEEHIO FHERENET S5EREEOL (Rp), TR MEEORBEL L
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(Re) I OMEBICHETE 3 E2R Lk, COVAEEZRERKICANIE, BHEOTHOBRERR
ERID 1/4 BT 5, ,

(5) UABERNKAOEBEUONBEDOBELLZCLHNTEE, £H ORI T REEIEY
BTbh - M TR, IARESESZ3EMBAD OGNS, TRbLL, LRERKOBURWOREL
FELBEESSD, ABEBBREFERICRDLT DRI, NBEEHER ST 2 LEAEEREL AR
DEMIC, FI3OEHE LTIARERZER LIRS0,

(6) EEEEBABRMOBE LHEMEESEICLT, IABEOKMINELO FRREE O,

(7) HRoBEEEEENTEDLL, ThiXAKERREBADOETHES C&ick->T, HBEERE,
L7t THBHE, BEAMBEEBD THEI(HETEXSCLER LT,

(8) ZhOoDHEELVILDT, KODOWPRELBRIEOIEELIKB LT, 20)OERBREE
NHBEA TR T3PV RF LAMI T,

I AKXKEEBROHE L EETEE

BFEOLDIfThN 3 IWKROFMTIE, RFTHEOMNKOTHMEL S, K EMD REOERE
[EERE] 2T 5, VOYWATRESEES—BRICANON TN, CZTHEMGEE, TRh
SAEINSHIADOREN « BREH| « RORMNOYE EZNTNOBRFIBEELSROONEH, FEiZl
ACLOFMERET, FIRARRPLIAPEERMER » MREBBRILEERE T, BIHUD OFMmE iR
HICED B L IICIREN TS, Lirl, FHEZMBLT 3 DICERDTH-Th, F—2&LTH
OBFEREANLBINITZ SBOHESRR, BELETIPA - THEOII W, TAoBERIITRE
BWEELEBI, TLEIRERTICEERTH > TEORBIBFOTHEANDAMIZZLTHEL, C
DEHINREHT, BROOF—20FEAEZELRICEEDT, ULHrdBENTFECASLEREEZ 2
HERBECXOWESERLETH S, CCTRERFEDOEBEZZDEICLT, MMBF— 4 & UTHETERK
DHERO IR DHBEEOEEIEEEL 5, 121 LEEMEROHIBMKERLTREOE(LizE
LISV,

ABWR, HEROFEEHOBBLETEFRORELRKD 2 2DEH D, WEEEFEOK—L
DHEHEBR~N, BOMDMBRAE ARATIRBRMOFEEZBELTN I, CZTEEEMENSOD
2, 1RKOBLOEEINIAKDRBBRERRICT AL RNBHFTETHY, BINGFEEICE 288t
HREICX - T, FIRAMBEETBMEORKBRENSELONTVS, UL, BREINTOEFERALD
BRLESIC I ZMBEREEINTNEY, REMORZEIREALOEMEMKIER OS2 & CHLE
LT 5, M3 DOFEENDILTR b RARIIEHFEIIR L THIEN,

—7, REO®I, MBHEELMIILT 2LV uEd b, PQ R EOBEREREHN TV NKMERED
BEFEZRELTVS, CNIBOMOBEREAVILDOTEHSH, T THELNT 2 BH 3 MMk
ThD, REHCHELTHRDONTN S,

TZTR, TTUROEENESICEY 3 ROERERD 50 0RMBRE, TONEEI TOFY
HREARREE2EZ AEERFHHELT — 2 p 0B E, RICHHAEZMADOET, HRIOEEEE, OB
AROFIRHHE, TRMELER - HEMIICRET 2 HEERT. oK OERP L, HKI3HHDFH
iR, TBEEOIEERERD, LEBOEEE TEADE, KAOER « MRISOFEY 2 7 244
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T 3,

MBEEERICE T IO FERARE BMATERE (4 6K 1, B2 HaRiloRMIREE
i, BAKHT 3RBEHTRDTHAT 2. TH8bB, (19 ROWERAVE F—20thhd, LE
ATHIRE, ARB LCLABEORBENIKDIELBAT, LBOHETHIOESRAREF AT me
L OEREHELTCHRT 5, S5 OHERBERSTHER, FhHHEL EORTLEE ST T
HEEREH L,

1. bk K=V okhig

YAOBMERE, HRERELEAEEEERVTREBINIABEVY, COoRPIBHBEIORESIC
EAHEAEEL DL EMTE B, 128, BORREERICIERT -0 KBERLANSLEICE 50T,
BHBOFERI I CRERUEROMR T UL RL - EITHE, Ll, HORE D ETREN
BMOHETEEFAMRERD DD 12T » 7 THY, HERILREERNRBROLI LHBELAEEAT
W3,

1) MAMBEZDZ 00, BARZE5CFARERELSTNEBSEL, & LRAOZEENE

bhiz, 2OREFHRORBELPVETLENE S,

2) F—A2OLEMIIOLII-> TIROHBERMHERT BARILEL, EEBICARIPORERE D

GRGNE SR80, ROBEWMCT X ZEEHROBRER, BHFHYE, I-3FFETERLT

B30T, BREHIZEOKI, MREZDIDETFT—F L LTAALIETNRENL ST,

ZOEHNBHEAT, EHEHEBOSRICE > THERBEDOHMENEHINS L & bit, RISLHEMT
b, 27— 20HEE 1 RKORTH 3~ L, BHESARMEORKHEE QAR MRSE AV 25
MRALBINTE W, @fimR s LTiE, Kune 0—§KRH 5 Bhh s B3ES ST 2
FEONESOL) DEERABAV ONTI 5, Bruce 5% OR i, HHHEHD 1.5%, 38, 32F,
0 ROFERE S, BHERRMEERCHT 24MHOEEOROE (FUhS5, MWEs LHKE
WEBL) 18> T B,

IR UHEEH RSO MREATEBERICL - T, [HABREKR b K=Y I ARMERS 0BRSS
1,338 Kb o R o dhsRid

d3{ D = x1-54py (216 —x3) + pg(x1-8—x8) D+ p3(x1-5—x3) (H /D)

+ b (x1-8— x83) 4 py (15— 238 D34 pg(A15—240) D cevennnnnee (42)
b1 = 0. 403749 ba= —0.270318X1072
bg = 0. 650416 ba= —0.249690X 1072

bs=—0.595701X10™*  bs=0.121614x1073

ThHdo

ZZT, D IWMEER, H 1IEE, » SEFOHETITORS (H-1.3) X7 2{EENES £ (B
HEABRESLTS) O, 77bb (H—h)/(H—1.3) T, di2 x DNBRBIIERTH 2,

(42) RKOF2\lH 5 H LA, HANEHEOMREOZOHRUCIE > TOE DM, WEIEBVT (d/D)2 H
1iZH B LD ICEHT 570D T, ERASSVOREEEFESC—RIEILDTH S,

42) K&V, HE D, B% (H-1.3) OUBAREICHT 2B F. 13, 2=H-M/H-1.3) £
T




Table 2.
Stem volume table

# ot X > B

EL S

7

¥R B OB R

of Todo fir derived from stem curve Equation (43)

(Volume in m?®)

1 # =2 Height (m)

d. b. h. . I

(cm) | 3 | 4 | 5| 6 | 7 8 |9 |10 l 11 l 12 | 13‘ 14 | 15 ) 16 ‘ 17 1 18 19 § 20 | 21 22 | 23 | 24 | 25 | 26
6 | .008 ,009| .010 .011| .013 .015] .017| .019 .021| .023) .026 .028
8 |.013 .015/.017| .020 . 022 , 025 .029 .032f .035 ,039|.043 ,046 .050 .054 .059
10 .023 . 027} .030] .034| .039| .043 . 048] . 053 . 058/ .064 .069| ,075 .081] .086/ .093 :
12 .038/ . 043 . 049, . 055 .061| ,068| .075) .082 . 089, .096/ .104/ .112 ,119| .128| .136
14 .058| . 066 .074 . 106| . 091| ,099| .109|.118| .127| . 137 .147] .158| .168| .179
16 .075| . 085 095 .132 .117) .128| . 139 .151) .163 .175| .188) .201 .214] .227] . 241
18 L119 . 162 . 146| ,159| . 174] . 188 .203| .218| .233] .249) 265 .281| ,297| .314
20 .146] .194] ,178] .194] .211| .229| . 246 .264 .282] .301 .320/ .339 .359 .379 .399 .420
22 .213| . 232 .258| .2731 .294] 315 ,337 .358) .381| .403 426 .450 .473 497
24 .251| ,274) ,297| . 321 . 3450 .370| .395 .420| .446] .472] .499 .526/ .553 .581
26 .2921 . 318| . 345 .373] .400| .429| .457| .486| .516| .546/ .576| .607{ ,639| .670, .702
28 .396| . 427| .459) .491] .524/ .557| .590| .624| .659 .694 729 .765 .80l 838
30 .486! 521 .558 .594| .631) .669 .707| .746 .785 .825 .865 .906 .947
32 .547| .587| .627) .668| .710] .752| .794/ .838 .88l ,925 .970 1.015 1.061| 1,107
34 .611] 656 .700| .746 .792 .839| .886| .933 .982 1.030; 1.080 1,130 1,180 1.231
36 L679 727\ (777 .827] .878| .929| ,981| 1,033 1,086 1.140 1.194] 1.249| 1,304 1.360
38 j .856] .911] .966| 1.023| 1.079| 1.137| 1.195 1,253 1,312 1.372 1,433| 1.49%4
40 | .998 1,058 1,120 1.181| 1,244 1,307 1.370 1.435 1,500 1,565 1.631
42 | : 1.088| 1.153{ 1.219] 1,286} 1,354| 1.422 1.491 1.561 1.631| 1,702 1,773
44 | 1,180 1.251| 1.322| 1.394] 1,467| 1.541 1,615 1,690 1,765 1,842 1,919
46 1.275| 1,351; 1, 427! 1,505 1,583 1,662 1.741] 1.822 1,903 1.985| 2.067
48 1.372) 1,453 1.535| 1.617] 1,701| 1,785 1.870| 1.956 1.043| 2. 130| 2, 218
50 | 1. 470] 1.557| 1.644|.1.732 1,821 1,911 2,001} 2,093 2.185| 2,278| 2, 372

(FE) ¥ eHMA7T L AL OSDUTERYIOUWTY 424 4
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Fi= 5:(d/D)’dx

TEZboh3, Lirl, MR+ Fevobt#EANERicR, BESONESEBLE LT, BHR
ZHEDOLETTCHARHBELTAHT A HEELE -1, THbE, HE» > LOBRMRIIEER

Fi= _[;(d/D)’alz

= 0. 459639—0. 035980(D) (10-9) +0. 097562(H /D)
-0, 220229(1)2) (10—4) .............................. (43)
PoHET D,

WEUFI-OWTE, BHMBATAOh 3 EE 3 moBEONERNE WEkEEEAME L TSR
WERERD, Chicza<) 7 vRAEBALTREETOMELE T2, COX I LTHE LLBHEE
2ERMRROKTRTE, Table 2 DX S5, k7, HEMEOENEICHT 2HAKE Fig. 14
& Table 3 TR,

Table 3 iCIZIFALIRERBOMBRICH T EHESRLTH 548, MELLET 2 S BiRAOHES
bEPIEBLIICHA D, L LBETHBEROMEIIREERZ 10cm T, 12~20cm, 22~50cm,
52cm P ED 40X S HEISNTHE T E, FHBERCEVTRESRBEOBELSALEEHME
CLTEB/NREAFHLTVZZ L5222 5L, CORBRRIBATHERNCENICE TS, ZDTE
&, Fig. 14 DEAH»LHT, BRICXAHBREEERTAERCLLIBLEL OGN,

ik, WEERIEENEZ SN L, FROKOBERICHT IHEED, 42) REXITOOTHNT

(m)

Stem volume

LI

Fig. 14 #ghiiic X 2#HEHE L
EHBOBEG

Relation between actual and es-
timated stem volume by Eq. (43).
Curves indicate the estimated
volume for equivalent height.

10 20 30 40 50
W & B @ dbh (om)




PR ATHOREE & NBOTH & 2 7 4 I1CBT 5058 ()

h=H-x(H—-1.3)

ELTkRHENS,
HERAPRES N L, MR EOERONBOBEEIMETE 20T, EHAHESILRD HRAEN
TLBHEICL - TRDBZENTE B,
LT D ORFEEBULLGNEZ OBV, O EREECET, HEOES, FHHERL&
NEOBRFRLETH 2, BRERHEEZ 2L 57L&, REORLNAFTEHMROMHEHLEMNEDD,
FAMEIELT 20T, HiPiisd dOHBREOERSMEICL S,

Table 3. H{THF#H L BHRRC K IMBEORE LK
Precision of stem volume tables in current use and derived
from stem curve Equation (42)

P #
BEEE | PIEE CHERE 4 Current uséT Ditgx_g IfZEOHthSZt)em
R o e A e8| No. of | BB 7 1 [REBlRE &% VA Ries
: trees Average of . D. of Average of S.D. of
(cm) (cm) (m) residuals | residuals residuals residuals
(m#) (m?%) (m?) (m?%)
5.0~ 6.9 6.3 4.8 7 —0, 0002 0, 0007 0. 0005 0. 0007
7.0~ 8.9 8,0 7.0 22 —0. 0001 0, 0019 0, 0019 0. 0028
9.0~10,9 9.9 9.0 37 0. 0000 0. 0031 0. 0031 0. 0044
11,0~12,9 12,1 10. 8 65 0. 0003 0, 0073 0. 0035 0, 0082
13.0~14,9 13.9 12,0 59 0. 0006 0, 0091 0, 0041 0, 0099
15, 0~16, 9 16,0 13,0 54 —0, 0002 0. 0105 0. 00347 0,0113
17, 0~18,9 17.9 14,2 53 -—0.0019 0. 0160 0.0014 0,0158
19.0~20.9 19.8 15, 3 46 0.0011 0,0176 0, 0035 0,0177
21,0~22,9 22,0 15, 8 44 —0. 0031 0. 0260 —0. 0041 0. 0264
23,0~24,9 23.9 17.1 37 0.0C63 0, 0308 0. 0038 0. 0304
25, 0~26.9 25,9 17,8 44 0. 0017 0.0372 —0. 0029 0. 0374
27,0~28,9 27,9 18,2 41 0. 0085 0. 0428 0, 0021 0. 0419
29, 0~30,9 30,0 19,3 44 —0., 0099 0. 0472 —0,0184 0. 0498
31.0~32,9 32,0 21.0 57 -0, 0009 0, 0594 —0.0123 0, 0606
33.0~34.9 34,0 21.1 82 0. 0010 0,612 —0,0108 0.0619
35.0~36,9 36.0 21,6 88 —0.0100 0, 0664 —0, 0221 0. 0693
37,0~38,9 38,0 22,6 89 0.0115 0, 0837 —0, 0001 0. 0827
39.0~40,9 39.9 23.1 91 —0.0132 0.0977 —0,0221 0. 0996
41,0~42,9 41,9 24,0 71 —0,0223 0, 0942 -0, 0277 0, 0957
43, 0~44,9 44,0 23.9 59 0. 0425 0.1258 0.0432 0, 1258
45, 0~46.9 46.0 24,7 62 0, 0391 0, 1427 0, 0489 0. 1455
47.0~48,9 47,9 25.0 49 —0. 0356 0.1179 —0,0148 0.1113
49, C~50, 9 49, 8 25,5 34 —0. 0227 0.1582 0. 1267 0. 1560
51, 0~52,9 52.0 26,3 26 -0.C413 | 0, 2024 0. 0570 0, 2093
53, 0~54,9 53.9 27,1 27 —0.0066 | 0,1328 0. 0942 0. 1622
55,0~56.9 56, 2 26,6 17 0.0691 | 0.1883 0.1783 0. 2486
57, 0~58,9 58, 1 27,9 14 0, 0378 ; C. 2772 0, 1537 0.3174
59, 0~60. 9 59.8 | 285 6 —0. 694 ‘ 0.1796 0. 0565 0.1701
61, 0~62,9 62,1 \ 27.8 6 0. 0961 ! C. 3376 0, 2446 0. 4056
62.0~70,9 66,7 | 29.5 7 -0.0603 | 0, 4090 0. 1449 0, 4205
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BREEIHELPARAOREICL-TELLER TS, fE F F~ Y OBMEROBHT — 4T, RO
BEHEMED bz,
H pr = 0. 05+ D/600+ D3/6000
ZZT Hpr 3RBE, D IREERTH %,
EFOMEETE 28RN0, B30 FRITT O HRERDD RMEBEED 7 — 2 ICRESIN
THWAEBOMEL, % JASHBICLIES> THRHLLLEDOMEDELE T LA TEERT S LR
DOLDIIE B,

S Bem | 0 2 4 6 8 10 12 14 16 18 20
R N~ 5 8 40 | 51 | 67 | 87 | 24 | 10 | — 1 2

chickdE, FIRMBICEASINIZVBIOEXIZ8~10cm DBABENY, BIIOENILIRMT
RZOMERB G- EELE T3 EELNE, LALBHOoARAL RV LRELONILVODT, 2T
TR—EIZ5em EHELTEL,.

AXFEOHECREEERVIRKORNMEEAVOT, BHER,P OHEIN IR SOBEREH
ELRINIFR SRV, COMERLONTR, BHOWOBFRELEETE | FvYOF— 425

(2B EL) = 0. 4077 +0.02949D — 0. 081(D/100)3 +--orvveemrmeeesens 44
B/NME = —0.33840.9779Dy  cererreseessieenninniienn, (45)
OBEFELTN D, CTT D REMNER, Dy BRI LOEETH 5,
2. ¥ ¥ & %

AKXRDRZEOEDLNER, BERCLEHIKEL, B—0Ric 20 THRHFEOEMick > TED
HUBRERBOOBELVKETH 2, TBIR, RHBEORBEROT— 400, BE, BEELRE
BORSC L, LESNIAKMEROREINBRLEERD, 2hiRBEMBERE LD TR AMHERK
ERTEVIETREEINTN S, COFKRRKLZFRIHBOFETE-T, 20EETHADHIOD
BURZEBREZDOLIZHDTREN, 20k, DUTREVTRERSIUOKSI L OEESNAALD
REREREDHOT— 2 b oHRIEET I HEERT,

1ROBRL OB IN AN KOREEHAEBICHL TS 2y b9 5L, Fig. 15 [TRT L S CEBERD
7775, AD No. 241 12, H1AKLOIE, 1, 4, 3, 4 E#HMBI SNIBET, No 3422 2,

ar- -1

3k — -
]

1
{
(
|
|
]
|

|
— e p—Ap it
— ]

AARDEE  Log grade by timber standards
N

]
o Ommm 0= 0= ==
f~0=---0r-um. i ’”__—-o--"‘f’_'j ° -
1f “==or= )
/ ! dbhetzon g 15 AKBBEOTNK & TGS
, bh.=
| Lot —*Stem No.241 hejght —26m Hhik
--0--Stem No0.342 :'h,'hr']=428§m Example of log grade distribution
elght=25m on a stem and trend of average log
! 1 L 1 J
0 5 10 5 20 25 grade.

Wy @ & Height above ground (m)



Py ALHONEERENBOTFHY 27 BT 20K (BT) — 35 —

ly 3; 2: 4%H®%ﬁ”biﬁbnt%é?$50 Ci Iar
LfcF—2ik, TOFEETEHLTHIREACHANE
RAEECCEMTEARVOT, FHREE BT ¥s=0.5%
LYOANT, F—22BEORPTOERERT S, 0.8
RAEZMBICT 200K, BORSHEEEL M _ r L)
EFRSEMT 52 0N5 BARELS, (42) KoK P
BOBRUROBA TS, 2AUEANEATE S, 2
=
WaEs MADEIRMEICHT 5 100 2R TRT §°5k
=13.5%
CEIcT B, Fig. 16 WL 3 HOBSOREADS 4 nTEA
LT, BE 0% Fo04EOAANRM SN, BE @ Q:=3
72, 1, 3, ABLEMTINTVEHATS 5, B4
-+ ’ V2=27. |%
BAEMMKE UTHELLZZEAROBRHKIZ, B1 k
-
AKD SIFIC £HED 45.6%, 27.1%, 13.5%, 4.6 Qo= 1
BTHD, BEPBEHERPBOHAKITE.7% & 0.5% T
53, 0.2~ vi=45.6%
T, B1AKOKOMNE NG 23%) 0¥y
o Q=2
Qo”o+Q1ﬂ1‘ 0.0 [ vo=8.7% Qy=2 A
Yo+ . . .
Fig. 16 ¥ 5 B % o & #
LEHT Do Qo Q1 ZBHEESLE I NKRDORET, Schematic representation of deriva-
20, 0y BBHBRICE - T HEIN B ZRELORH tion of average log grade.
v; - Stem volume of i-th log,
BTH5, Q; : Grade of i-th log.

BHTAORERF1IAKRORFECELL, HESOZNBERAKXKDODRBEIRLET AL, FAOHE
i3 '

2X8.7+2X45.6 _
8.7+45.6

1B, T2 AROKRDOME GEHNE 43% OR) Tid

Qoo+ @v1+Qavs _ 2X8.7+2X45.6+1xX27.1 =1.667
vo+ 01+ vy 8.7+45.6+27.1 ’

2.0

LB,

Tibb, EEORICBI2FHAREE, ThEOVTTEMINLIAKORED, BHMBELESLT
AHEFHBEETEDTH b,

BER1ROALKDLEKICHLTELONSHHBETH 2L, BUAROPTREDHS THRFIIAE
CEEZ DL, FROMERDOFHAFENERICERTE 5, &AW, Fig. 16 THEEDL O OBMBELH
2RO 60% 1L BES FIAKDBZhRFICHB) £#E5L, FHASR

2X8.7+2X45.6+1x27.1+3X8.6
8.7+45.6+27.1+8.6

=1.794

DESICHEZIND,
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Fig. 15 BB IUVANEIOAR, COFETHELLELREEZM IS X OFHEI 15 95% T 10%
RO TRLLSDT, bELOBBIRS T 7IRHARTRIDICHE LM BBORERETE 5,
WS & OPHREN, UAOREELEE 1 AKORE, WEER, HELZOBEKE LTHET
2hi, BOFEBOMBIEBOTEMINIAKDRSBRO LS ICLTHETEX 3,

Thbhb, TOLKROOEMKEEL s,k TH2 XS BIKDTER

Qnp—Q; Vs

Uy —v;
THbo CCT QnQiid hs OLBIEBT B FHRE, vn,vs ZHEHS h,s OHIETO BHET
b, INEBIBATEHEL ONZRKOBEREMESDLET, B oW FHRICKT 5 BHADRERMN
KEEBBHEETE, XDICERY, BENOMBREDTRDT, YROHBBBIHETE 3,

3. EXBERC L 5THREORE

X GER T 18 KOFHMBAED T — 2121, F1AADSIAICHARKORI ERSEBEHINTHL 5,
ZHNICHITOTEEZEALT, #hEES5 % 5 95% OHEMEETO 10% & XAHDMNETHAZ L DFS
mEEHE L,

F— 2 2EEZ 12cm~50 cm, & 8 m~25 m OFEPHITH Iz » T 5,

JAS HE TIIARDRBENRDOL I ILKAFINTN 5,

INDFEM (8~14 cm KiK) 1, 2%
Ho#zHM (1dem~30ecm RKif) 1, 2, 3%

KOF#H (B0cm 2l L) 1, 2, 3, 4%

COEPOBMY, HEART—FKIE8cm KEOMOEMITH, REN “CH” LENTHAH
Ao, CTholl4BFTadTRELY:, T, PEROEMTRNICLS 3ERIG| LIMEEH &
LTHbh 2D THRT X BRD 4 50807,

ZDES I LTAONEIBHNOEEREOEMBRIL, B UDOBEIRS S 7 X D3 pIcFlLth
BIZIEB, LHLE1IAKORSE, ME, HEESESKI - THREMFLTLLUBREOETNAX L,
ZNSORFEIEEBRIT—EOMBHELrRRATCERRETH -1 TOY, BATLDFELS
HEOBEMABERSHRATIEML, BHE - HRICS T 2MRBRAS TRDERLHADERKOEDKE
oW THRHET I it Lic, HEORESKROBRETELAE TR BN I ONET Ldtbhos
oo UL, 5 IROBEDHRKA 1 HKETHEIL - 120R, £KHO8.6%, 6 KLGFLUE-7DT,
EEAEBELT, ROXI1E4ROEXRLEBITCEHREOEMEREK S ¥,

Qr = Bo+ B1X1+ BaXa+ BsXs+BiXs  coeereereereciinnen (46)

el X1=20x—-10

X3 ="50%3—50x+8. 375

X5 =1666. 67x%— 250023+ 1005.83x —86. 25

X 1= 4166. 67x4—8333. 3328+ 5395. 83x2—1229. 17x +66. 9844
TTT, Q FENWER x OMBOFHRET B, BRF— 205 HEINIEY, I/ X REVKE
RT22D i ROZFERTH 5,

I -T, ZEAAROKERCEOFEAREL UMD B DETH &I N L3,
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Ri2 By DEMBEDEIBETICL - TRESNINTH 508, FHESOBEMBROER, E&E»1S L
Motk Hie, HEORENBRILBSORFORESKEL, FLEHIZERMLL TV E0DT, EME
EHEOLLMBORICEETIRTTHS. COLBERRMOL MG L-TEZ5DT, B
EHELTHEH, BXUBIAXORSE Q, KORXXEZELTE20ERE LTHEER D L
b, Byicxtd 2ERERD

B; DIEERIRDO LS8 5,

Bo=0.2203+1. 1069Q —0. 1240(Q- H) (1072
+0.8254(D- H)(107%) —0. 4795(QD) (1072)  ++eerermrsrrnmvnmvennnes 4n
(R =0.9383)
B1=0.0476—0. 1501(QH ) (10-%) +0. 1447(Q3H ) (10%)
+0. 7729(D.H) (10—4)_0. 4828(Q'D) (10—3) ........................ (48)
(R =0.8102)
Bs=0.0522—0. 4043(H) (107%) —0. 1970(Q) (107
+0.1954(QH) (1079) —0. 2099(QD) (1078) ~wr=rerreeersrrssrmnmecees 49
(R =0.5877)
Bs= —0.0022+0. 2453(H ) (107%) +0. 7829(Q) (1072
—0.3562(H /D) (1072) —0. 3900(DH) (1075) ++-ccerreerrerenreennes (50)
(R =0.5400)
By=—0.0021+0.1363(D) (10" +0. 6512(Q) (107%)
—0.3800(QH)(107) ~0. 2684(QD) (1074 «evvrereermssereeenene 6D
(R =0.5920)

SEHUR Bo RASHSO KAIKELEZ, B ZHROLLENVDEREED L, HBROELICT
D2ODFERTIZITEZ D, 2RULOBFOFRBBHERT & LTHL

Utz &0, WEEE D, 8 H 8XUB1LKORE Q 5L o0t &, U~ i
& 57T Bo, By Ba £FHEL, thx (46) RRATIE, EEWES » 10517 2 LS Q@ BHEE
T& 5,

4. BEROMMARE L\

MMoRERR, Q, D, H OMADhICHL TROEEREMMA—BICETD, Lis->THEM
SNIARKDBEBRET LI EERLTN S, L ULEEICIE, BAOVHRSHHIT UWD~GD) K
% (46) RIERALTASGNZPLBROFH THRDDEHERTOT, ZOEHEBEL TR S
HEINDNRORENIHEZLELBETERLL,

SXITRRIc XD I, BADOTELRSOHEARI, 2EKX (6) THELALNLIDPD, £DEEHRE
3R Bo, By -, B4 DEBENL - TEHND, LEM-TF— 210835 B OEFHOHEHE B Lic LT
YIiab—vaVEiTAE, @, D, H DMALRICHY 3 FHRSEO EEHIRENFRTE 3¢
ThHbo

W¥, 5250 Q, D, HIiTHL, (4N~ RTE S5 [HLLERDFROHETEE By, (=
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0,1,2,3,4), HEOADOFHRFICETRIBLERZSERD By ICHIET 2 5% By £3{ &, Yia
V—¥ g Y TREBE
&= B~ By

BENENODED TS v F AT 5 L %%, By CBRERAMA T DEHRO BAMEHESL Y
WFCEicias, LblL, F—2TREILIET A, i & JBREIRMOBE, & & & ZHILTEL,
BoITA B 5 v & AMIEER & O > HEHETERNC Eoibh o1, & & & OBFR, 1
AKDREHIC LIh-T, Table 4 DEIICEDLEND, THDL, & OKE XD 80%, & TIX 64% 58
& DREIICEBALTND, T &k & TR, ThPh e b & LORBEMERLE - 285, BHEOR
BEREN., 20T &b, &8 BERMIZOL OM UL R B8R} &, Table 4 1R LBHRRIC
EoTaolhhd RAEZARLTROLCEMTE L, &, & KOVTHEBT, MALS EBRS
(Table 5) &, & ¥/t & IR L TCAIZROORMNAMIREBRERLL B, T V& LUEEBHRS
DRHRE, Q=4 D&% & OBEAZARIC EOIHITITE1E0IE, BFERIHFELLETIEMNT
&1,

7%, Table 4 D & & &; OBFERLOTEBRIFEAEE SR TR LRSS, Yialb—-vaV
TREHEE RO ERBAER N,

Table 4 EHREHBORBOBEBEREZHM OB F

Relationship between errors in coeflicient of the average log
grade curve estimated by Eq. (47)~(51)

% lﬁﬂé B ¥ o 3| #  Errors in coefficient By
Grade of ‘
first log & | s | s | s
. —0.001640,086& ' 0.0014—0,065& | —0.0001—0,020&;  0,0001—0,073&
(r=0.93) ; (r=-0.82) (r=—0.42) ‘ (r=-—0.86)
2 0,001640, 098 & l —0. 0008 0. 052 & | 0.0001—0, 028 & : —0.0001—0. 089 &
(r=0. 95) | (r=—0.77) r=—0.6) | (r=—0.92)
3 0.0004+0,094& | —0.0007—0,050& | —0,0001—0,034¢ | 0.063 &5
(r=0.90) |  (r=—0.78) (r=—0.62) |  (r=-0.66)
4 —0.0011+0.072& | 0.0022—0.070& | —0.0002—0.032& !  0.0001—0.052¢&
‘ (r=0, 90) | (r=-0,91) (r=-—0.53) (r=—0.67)

FEAIEBERE, o BEHRSHEO { ROBOFEMOBRE
Figure in parenthesis indicate the correlation coefficient and &; are errors in coefficient of i-th degree
term of average log grade curve,

Table 5. FHRSMBORKOMEREDOWIISEEKS (BERS)

Independent component of error variation in coefficient of average log
grade curves estimated by Eq. (47)~(51) (Standard deviation)

1 ij(a)nuq;l : |
Grade of : Bo . Bl Bg Bs B4
first log | |
1 " 0. 2596 | 0. 0089 | 0.0118 0. 0011 ‘ 0. 0009
2 ‘ 0. 2376 0. 0078 0.0103 0. 0009 0. 0006
3 0, 2327 0.0107 0. 0093 0.0011 0.0011
4 0. 3236 0.0116 0, 0102 0. 0013 0.0015




Fig. 17 1A X DO & % & & XK
Proportion in number for first log
having different grade.

PRy ALHOIRME &R0 TFRY 27 LcET 2508 (ED

A # b Proportion of log numbers

Grade 4

# & Tree height

Table 6. B A O fl A B B & T & M &

Merchantable volume and market price of standing trees

(m)

EiE ) [ Height (m)
d.b.h.
(cm)3!4’5 6|7lﬁ’9]10‘11 12 | 13 14‘15‘16\17‘18
f
6 .003 . 004 . 004 ,005| .006/ .006 .006( .006 ,006H ,0l4; .015 ,0lY ' }
. 023 , 029 . 034 .040| . 046 . 046 .046| .046| ,046| .112| . 118/ ,118 i ‘
]
8 . 003 .004; . 005/ . 006 .01l ,012 ,017 .018 019 019 .025 .026| .036 .036| .036
. 027 .036‘ .043| . 046 . 084 ,095 , 135 .144 .150 .150 .198 .210{ ,288| 0291 , 291
10 .008| . 006 .009| . 015/ .021} ,023 .029] .034] .039 .040| .046| .046| .05 .053 .064
‘ .039] . 046} . 072 ,122| ,171} . 181} .230| ,269| .312| .322] ,370| .372| .415 .426/ .513
12 .009] , 019,026, .027| .035 .038 ,045 ,057| ,059 .065 .070 .082 ,087| .089
| .072 , 154 , 209 . 219|.279 .305 .355 .611] .655 .654| .723| .832 .812 .855
14 . 025,033 . 041 .042) .058 .064] ,071| ,078{ .082 ,103 .110| .116/ .124
. 199 . 261| . 433 .464| .627| .725 .758| .792| ,845 1,296 1, 268|1,314|1. 466
16 ; .031( .040| . 049 .061 071 ,087| .095 .103| .111] .125 .132 .157 .161
E 1 .250] . 345/ . 546/ . 673] . 814 1, 041 1, 053] 1. 200, 1,302 1. 483| 1. 554{ 2, 014| 2, 102
18 { .066] .070 . 090 ,103 .112 ,123| ,137| , 149} ,165 .173 ,192
. 662| . 74011, 178(1, 337| 1. 624| 1. 827 1. 889 2. 034| 2, 218 2. 395 2. 809
20 ‘ | .076| . 084 . 096 .132 ,141} 153 .173 .180; .204| 215 ,222
. 957|1,098|1, 222/ 1, 829| 2, 008 2, 147] 2, 274| 2. 483| 3. 154 3, 323| 3. 230
92 .105) . 124) 140 .149 .190| .213 .220] .229| .270| .28!
1,367(1,657|1,855| 1, 964 2, 693| 3, 284 3, 294| 3. 599| 4, 196] 4, 258
24 l . 185 173 .183 .200 .240 ,276| .285 .301} 342
‘ 2.134| 2, 308] 2. 571} 3.034| 4. 108| 4, 925| 4, 758 4, 895} 5, 649
; ] ] ! |
2 ! : ! : .183 .209| .220, .234] ,268 .284| .348 .365 .387
| ‘ ‘ | 2, 926| 3, 240| 3. 680, 3. 924’j 4,618/4.750/5.860 5,952/ 6, 811
. | I
EERBAAHE (), FTREITSEMmEE (T

Upper figures indicate the merchantable volume in m?® and lower show the market prices per tree in
thousand yen.
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Read
l°3 Ic-ath, s L
C““"“J allowance : als

Critical diameter af the
top end of log ! Dain
No.of caleul ation N

Step |
Dbh. class: D
Height class:H . stepz
0= ZVu
Priat o zp
Mevchamtablc volume
PV
Market Price : F
] _________ Step?
Vi = ZVe /Ne YEs
P=3P/Ne
NO oo Step 4

Generate the
un'form Yandom

Namber : Ra

Caleulate the grade
of Firt log : @,

Read

Froportion of firct Jog ia

nambers by grade and

hiight classe

l

Determinxe the coofficients of
mean log grade curve:

Be, B, B, Bs, By

Q-3

step &



PEeY ATHRORHE & DD TRy 2 7 AT 2% (GI0)

(1)
Stem velume : Vy

Stump velume: Vpy

=

Hoy — k

Ver — Vs

€) S ... Step b,

Hoight of 1oy top end
hel+dl — g

Minimum diametsr
ib ot h Dy

‘Nﬂ—'Nl

EVu= ZVu+ W
Zp=EP+p

Lo; volume
v,z Dp =L

Merge grade at h: Q,
Stem volume between
Jround Jevel and h . Vy

I

Cateulation of log jrade

0, = Qp - V- Vs
“ Va - Vs

Step 8

Read market trice taple
i of log by size class and Jrade

Loa rrice © P,
SRR L+ 2

Total log volume por stem
Vi = Vi + Vi

1

Total of I.J Price per stem
P= P+ A

Qs 3,42, (Vi -vs)

Step 10

Fig. 18 HARDRIAIEE & Wi iks o 25
Calculation of merchantable volume
and market price of standing trees.
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COMRICKD, TTERIMEREILT & 2EY, RCHHHUEIEEOBRELEH LS & F 245
iz, Table4 DEFE T BERIEMETERDIED &1, &, &, & ZIHREE LT, FHRSHEOH
KEEEEY L 2 V— MeT 5, HBELIKL @, D, H XT3 MM & FHanys By b iigifik
B, BYRAEDOY I v~ a YTEONTAKMBEEROVEEE T4,

HEOETIC, F—2 L LTURNSEREEEORIM, FLAKOREEEL 2 LEND S, it
BRRAET— 2 OB 1 ARKOREINHRERES LICLT, Y1alb—va VOHES VL LRIEET %,

EHHEEOT~2Ic k2L, HEcxtibsgf 1 AXDOREHHBIRT Fig. 170k 51K 5, KO
LT — 2 ORTIFROMAE 7 ) — Y FTCERELIZ S DT, HEOBAIN TV 5 HRESBE
BEFEOHDLZARKEETES, Leh-T, BEl0mBUTFOKIC2NTIR, EEINIAKDIZEAE
MWNOFEM LI B, 1, 2FEXV 4% (RECd) 23120, T 1 SHORRIFERRELL
BIONTHEMT 5 &8bd b,

B 1IAKRDOREOREICE, MWEH H OLE, 0~1 OO—BREY R, 20 &, Fig. 17 THEEH
H, REED R, LR H5DRFE2LAL S, cOXDILT, BMSZA L AREOTREN S, BEE,
MERCELIZS0EOY I 2 b— Y a YEfT-T Table 6 ICRTEADFFME & B MiEE kDI, T
OFIERBRD X S5 icts 5 (Fig. 18 BH),
step 1

ME L, E 4L, KOED FBRR Dmin BLUT Y Lab—v 3 VORK Ny 27— 4 & LT HA
%5, ZZ T3 Dmin=4cm, Ng=50 £ LT3,
step 2

HELISELT2EERE D, MER H 27— LTHELS, T2 HEHERTTH 5,
step 3

Yialb—va YV 1 EGOFAMEE KBS ERTTCDDEH V. E TP EI7YVTL, ¥
ab—Ya YEPDOAY Y2~ NZEZ1iCky FT 5,
step 4

B A D %~ N OES Ng LIT1E 5 step 5 iciilr, N 2 Npg XD KETHiE, BAdhik D,
Hicxtd 335k » 72 C LI 5D T, Np EOHERRETEG L TRMHE Vo HiH P 2R,
step 2 ICH 5B,
step 5

—BREL Ry 2RESE, T4 THERZ ONRBHEREK (Fig 17 #8E/LLTAN) 2BRLT,
BLAKORE Q *RET 5. KK, @, D, H »OHAMOEREE BIC AN EERFHRDRE,
Bu, Bi, Bs, Bs, Bi %= 5,
step 6

AKOHE &R EFET 21 DOPHHEERET 5, T78bD, ROWMES 4 (3URE Her 1T, &
KB FERE QI QIL, T/ h TTORMR Vs iZIMEME Var LB, ¥5iT, 2D
IOHEICHERT 2 AAMEB S BRORARER VL & P27 ) TT 5,
step 7

HLUOAKOKROBEEARD, 2OMBICBTEELLOKOE Dy 2R %, &L Dr 25 Dmin Ll



Table 7. 1 4k W # o F B K & H % W &

Utilization per cent and market price of thinning yield (per ha)
goriD W 20cm REOAOUE  2empl oA e 12
LB A FHEE | BEHEE | av ex?ao ha % D Proportion of stems in the |OBHELE | F) B & |/~ LS
5% 4 SRS = a tge per ha d. b.h. classes less than [Proportion of Market
ameter 20cm (%) stem volume|Utiliza- price per
Stand Jop | Average| Average| of in the d.b.h,  tionCubic meter
ands €lg lameter c1g ifgégvfo X ¥ 1 H B | A& ¥ ® Mo Nfgfgfgﬁ classes 32cm| percent I?f tabl
No. of | Volume | No. of " and over mercaantable
(m) (cm) (m) total stems (m®) stems | volume lable (%) (%) volume
stand volume (X 1,000Yen)
it % 44— 2 19.0 10,9 13,1 0.7t 670 l 54.5 100. 0 ' 100,0 100.0 ! 0 66, 2 9,7
7 bAxA~Ny— 3 17,2 17,7 15.3 0. 88 695 154, 8 89.2 81.0 80.4 0 70,8 | 13,6
EEFZFH—2 13.7 9.3 7.7 0. 46 155 6.5 100.0 | 100.0 100.0 0 55.8 9.9
B} BR—53— 1 21.9 21,6 18.0 0.79 250 99. 6 48,0 ! 28,0 26.9 19. 8 74,5 16,0
4 % 45— 3 19.6 14,4 16.3 0.80 740 125.3 97.3 92,4 92,4 0 73.3 11.8
7 MERY— 2 15,7 13.6 12.8 0.79 680 82,1 96, 3 90.0 89,1 0 67.3 11,7
FEBRH— 2 14.2 9.8 9.5 Q.65 460 22,6 100,0 100.0 100.0 0 59.2 9.1
ey E—2 13,8 10.5 10.5 0.82 1, 000 59.7 100, 0 100.0 100.0 0 62.0 9.3
% M—52— 1 22,6 20.2 19.7 0.82 230 85.0 56,5 42.0 | 41,6 0 74.5 14,8
F |—53— 2 19.9 16.8 16,4 0,76 260 57.9 84,6 73.0 72.6 o} 72,0 13.3
Ty PR—41 18,6 12,6 12,6 0. 69 450 47,8 97.8 92.5 91.6 0 67.6 | 11,3
B B—-35—1 18.6 16.9 16.7 0. 56 210 49,3 90.5 73.9 72.8 0 73. 4 13,7
B BR—35— 2 20,5 12,7 14,1 0.72 360 45,5 97.2 89.3 88.6 . 0 70,1 11,8
B F jE— 3 12.5 11,7 11,1 0.69 460 43.5 95.6 83.1 82.3 | ¢} 66,7 12.0
£ % EZHl—2 19.9 14,2 14.8 0.71 300 47.1 95.0 87.0 86.3 | 0 71.2 12.3
F OB opl— 2 10.1 10,1 8.3 0.72 495 22,5 100.0 100,0 100,0 ! 0 ‘ 55,1 9.4
F OB opl— 4 15.3 16.5 13.0 0.89 550 93.2 92,7 85,1 ! 84,6 0 67,7 . 13.1
w B— 2 20.2 14,9 15.3 0.76 465 85,1 93,6 82.6 | 82.0 0 72,0 12,9
" E N—2 13.1 10,0 9.8 0.83 1, 860 98.5 100, 0 100,0 100.0 0 60.9 9.3
#® E N— 3 l 14.2 13,2 11,7 0.83 320 32.6 100, 0 100.0 100,0 0 65.5 11,1
g 4+ H—2 18, 4 10,7 11,1 0.70 837 62.6 100.0 100. 0 100.0 0 65.3 10, 8
x5y — 3 13,2 9.8 9.2 0.71 360 19.2 98.6 92.4 91.0 0 61.5 10.5
~ Ay v—2 13.0 9.6 8.9 0.75 485 22.5 100.0 100.0 100.0 0 58,7 9.4
~ Hy —3 15.2 11,5 10.1 0. 69 510 41, 6 97.1 86.5 85,4 0 63.9 | 11,8
WO 4—3 17. 4 15.9 13.5 0.84 425 79.1 78.8 52.7 51.0 0 | 6.9 14.2
Fos BTH— 2 19,9 14.3 14,7 0.78 585 89.0 95.7 89.9 89,7 0, 70,7 | 12,0
ﬁ F— 3 21.8 17.5 17.4 0.78 260 67,3 82.7 68,2 67.6 0 | 73,6 13.7
):3) B— 3 17.0 14,1 13.6 0.81 170 22,0 1¢0,0 100.0 100.0 ¢} i 68.0 11,3
B B— 2 14,1 10,2 9.7 0.77 1,040 60.5 100,0 100.0 100.0 7.1 61.5 10,2
] B— 3 18,5 16,3 15,3 0. 83 335 66.2 91.0 79.9 79,7 0o ! 71,1 13,1
pen wH— 3 12.7 12.5 9.7 0.83 480 40.3 100.0 100.0 100.0 0 62.8 11,5
& fi— 2 19,6 13,5 14,2 0.82 1,111 161.3 94.8 84.5 83.8 0 70. 4 12, 4
+ fi— 3. 15.5 12, 4 11.9 0.82 895 82.7 100.0 100.0 100, 0 o | 65. 6 10.5
H: W— 3 18.8 12,6 14,9 0. 86 985 126, 4 99,0 96,1 95.9 0o 71,3 11,3
B — 3 21,5 19.0 18,2 0.90 . 560 177,2 73.2 55,5 54,2 0 | 75,0 14,7
Z Hw— 3 20.1 19.7 16.8 0.85 545 173.1 63,3 40,0 38.3 3.2 l 73.6 15,3
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Table 8.
Utilization per cent and market price of total stand (per ha)
E# 20cm KiFOARDKE  32emPl ok ﬂ}gﬁgmﬁ
E R | g | e ha ¥ b Proportion of stems in the |OERERLE | Fl fi & [ D HSHE
Sk FrEE | PR Ry per ha d. b.h. classes less than [Proportion of plggke;r
Top Average | Average o 20em (%) , _§tem volumeUtiliza- cubic n?eter
height |diameter | height Degree ofi— FUHR I the d.b.h, tion §
E g stocking | & % |#M B A % # # B Merchant- classes 32cm| percent l? B
No. of | Volume | -No. of | T M ™ abeizc antland over me",gl:;‘;‘rtl: e
(m) (cm) (m) stems (m3) stems o volume (%) (%) (X 1,000Yen)
14,1 16,2 12,6 1,24 1,623 262.8 87.0 73.1 72,4 [¢] 67.0 } 13. 2
14,9 18.5 13.2 1.08 1,130 239, 2 69.6 53.5 54,0 0 65.9 | 14,2
16. 4 21,1 14,5 1,08 1,050 314. 4 51.5 35,1 34. 4 Q 70, 2 15, 6
11,5 14,1 9.7 1.21 2,144 200. 8 100.0 100, 0 100. 0 0 60.8 | 11.5
14,0 17. 8 12,1 1.29 1,691 315, 8 85.3 76,8 75,5 0 67,2 14,0
14,5 22,2 13,2 1.37 1,048 307. 6 35,1 21.9 21,4 | 0 68. 3 15.9
15.0 17.0 12, 4 1.01 1,526 279.7 79.3 59.2 57.5 0 68, 2 14,1
15.5 19. 3 13,7 1.34 1, 690 418, 5 58.1 40, 2 39.5 ¢} 69, 2 14,9
16.5 21,7 15.2 1,34 1, 388 450, 1 34,7 21.9 21,4 0] 70,6 15. 6
18,0 24,8 16,7 0. 96 684 310, 2 26,9 15,4 14, 6 0] 73. 4 16,9
20,2 24,7 18.1 0,92 937 465, 7 23.9 13.5 12,7 12,9 75.0 16, 9
19.2 16.5 15.8 0.95 2,125 485, 3 82.7 61,3 59.2 0 72,3 14,1
15.2 13.9 11.8 0,72 1, 644 216, 6 90.0 72,6 71,2 [¢] 67,2 13.0
16,9 14,8 13.6 0, 98 2,328 394, 0 90.9 79,3 78.1 [¢] 69,9 13.3
18,1 19,1 15,8 0. 96 1, 421 398, 7 70.7 49,5 48,5 0 72.2 15.0
17.6 19.6 15.8 1,22 1,751 502.1 61,9 44,3 43, 4 0 71.8 14,9
14, 6 20.7 13, 4 1,12 710 191, 5 51.9 31.3 30.5 0] 68, 1 15.5
16,0 19.9 13,8 1. 03 1,035 281,8 53,5 32,2 30,7 0] 70,7 15.5
16,1 19.2 13,5 1.05 1,315 321, 5 60, 0 38.0 36, 6 (o] 70.0 15,1
22,5 30.9 20.9 1. 06 665 584, 5 8.5 2.4 2.3 55. 3 78.7 18.7
14,4 11,2 11,2 0. 80 3,183 239, 4 100.0 100, 0 100.0 0 64.9 10, 2
13,1 11,9 10, 6 1,22 3, 935 309, 6 100.0 100.0 100.0 [¢] 63. 4 10, 5
13. 4 16.6 11,7 1.26 1,770 2707 94.4 89,7 89.7 0 66,0 12.9
12,8 14,3 10,5 0,94 1, 560 174, 2 98, 4 96, 1 96.0 0 64. 2 12,2
14,0 13,4 10,6 0.77 1,853 187, 0 97.9 93.9 93.5 0 64, 1 11,8
13.7 17.8 11,0 0.99 820 156, 8 66,5 39.0 38.2 (O 64,9 15.1
13.8 12,9 11,4 0.99 2,760 263, 2 100, 0 100, 0 100, 0 (o] | 65.0 10, 9
14,1 14.0 11,6 1. 15 2,590 305, 3 96,7 91,6 90,9 o 65. 9 12,1
14.8 12.8 10,5 0.79 2,230 224, 6 93.3 78.9 97.2 [¢] ‘ 65.0 12, 4
14,5 15.8 12,83 1.32 2,535 381.8 92,9 85.8 85.2 0 67.0 12,8
15.8 17. 4 13.7 1.41 2,455 494, 0 81.5 67.7 66,7 0 ! 68, 8 13,8
17.0 15.8 13.3 0,76 1,545 288, 8 81.6 58, 3 56.8 0] i 69, 8 14,1
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650
1,770
2,158
1,410
2,625
1,710

990
1,385
1,110
1,302
3,183
3,052
2,119
3,183
3,157
2, 946
1,170
2, 841
1,660
1,975
2, 250

830
1,995
2, 205
2,280
4,010
1,863
1,690
2,885
2, 805
2,075
1,932
1,295
1,180
1,540
1,170
1,210

817
1,060
1,460

720
2,733

229.
508,
367,
373.
470.
445,
466.
480.
316.
391,
296.
334,
260,
399.
355,
505.
473.
561,

32.

22.
118,

98.

89,
103,
181,
217,
120.
127,
208.
185,
211,
523,
602,
461,
570.
566.
571.
381.
477.
581.
651,
932,
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38.
62,
86,
66,
90,
67,
23,
50.
74,
65.
103.
100.
96.
100.
93.
89,
44,
92,
100.
100.
100.
85,
100.
100,
100,
100.

99.
100.
100.
100,

735,

40,

51,

55,

29,

32.

41,

38,

52,

70,
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61,
37,
76,
43,
11,
22,
58,
39.
100,
100,

100,
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70. 8
71,2
70, 3
72,5
71.1
72.8
73.8
72.8
73. 4
74,0
64, 4
67.0
68, 4
68. 2
68. 3
71,9
74.6
73.2
37.1
38.0
51,6
60. 1
52,0
53.2
56. 4
57.8
58.0
60.8
60. 1
61.6
64,6
73, 4
74,8
74,9
74,8
75.8
75,2
76.7
76.1
75.7
79.3
76,9
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L5 step 8 iC#L . Dn<Dmin 25 OEDHEEITIY, AAMBEEHEROREL 2V, T P
ZNHET 2, £25L7T, #9VE2— NE2I1LTEDTREDY I 2 L—¥ 2 VL5 (step 4),
step 8

RO ZFETARA oL 25 ET 5, KNOWER » itk 2FAR%E Qn & 2 LTORME V.
EHEL, ChDOSAKRORE QL 2K 2, QLT A5 ALTEMEE T2,
step 9

F—4 & LTEZONTO LRI, BRE, SEMEEEBRUTAKIME PL2kn 5,
step 10

AKMBEE Va lile% P ICIET 5, ROHEDIDIC Q@ BV Vs 2FEH L THS step 7 KD
&z,

5. MK, EHINMOTTHERE

W OBMHE, FIRHAH THEEERD 31013, BHE, HEREIIOKKSESRIC Table 2 & Table 6
ZHTRODNE L, Table 7 i3, ZDL 5 LTHEERBARBMOMRT — 2 >0 TR AR LTS
HitE % RDI-bDTH S, Fkic, Table 8 FREEEHRR (19 DRTEICAVW LT —20Hhh5, L
BATIGRE, A%, IRED L f - TORDC L ITREFNBHDLRY, HoERORIFRL TS
BERDIFERTH 3,

IhoDHRICZ, BRTI2EEROEECDIAERKASNORNEE %20 cm DTORD AL, @4
B, FIAMKO, Sfcnd 2 kB s JCREER 32cm B LOADBHEOLRELRLTH 5,

AEABERVPFIFATE 2L E0HEE, UEOKSclBETH 24, REFRVATLTELZONED
i, EEAESHE, FEHMEBLUCARRRDTH-T, BHAOKE IHONHGRRRPTH S, otk
¥, Table 7, Table 8 D#¥RESLIZLT, HORFEHRTOFIANHE, WHMHREOMOERBERER
DESICRDI,

FIRMEO md HiohERKZ, R (&), ket

Py =4.7927+1.051488D—0. 013827 D% — 5. 794374(H y{H7p) «-++--"+ (52
(R = 0.9865)

KEkoTHb¥3d, 2T, Py ZFAMED m® 7 0MmiE (BA1,000 M), D REREAD FLHHE
&, Hr, Hy 3 DEAPEMTE & RBEROEEHETH 5,

183, Px OEEMERICHT 21, HBEEICENT "CHEREH EHIhTHWEEDTH 5,

FIRRIZ >V TIY, MR - FRENC

log Ryr =1.470453+0. 356675 log H y—0. 050351 (H y/Hr) -+ (53)
(R =0.9780)

log Ry =1.330721+0.075713 log D+0. 431430 log Hx
—0.341253(H 3/ H1) 4+ 0. 104679 Ry ----evrrrremerreresssnsens (54)
(R=0.9712)

OBEFEND D, T Ryr & Row BTN ENHRAL, ERHSIORAERT, Ry ALKETH 5,

6. EERONEERRE
CNETOBRE, MROMKFHEDHS LFILL - T, TBEEERD 2 >0RF, FbbHksD



FEeY ALHONHEEERBOTFH YR 7 4B WL (E1) — 47 —

FEFIRREHRTIRRE (A4 f8) 28 bDTH -7, T - BRMOBEMKE, < OFFHRE R
ORICUAMEEZR U THRERBERD, S SICRBRETEHIOCTHOEERERBRLILDTHE, T
CTRBHREIL, RMAEEEOFMEGRAEEERT 2D ORTT, K%L EREIAED o5
TEEND*,

EERIR, RA, &, @, EMSEHFRICOSCTELT2EHE (B £8) &, HRE oMok
BLShBETHEM (C BRB) Khdph i, CNORHSOMF], MWHNEKE, (FEEMRACLICRER
5o THLIAHOBNC L ZRBRONEOENLERKT S &b, HEMEOTERWETH 275,
Z{ORFEMANS C L CRRORBULOBELRY, THERESKE - THBERKRICEZ B2
Nbdd s, Licd-T, 2 TREZNTBRARFICHLTED LS MHSTESREICT 2 0ciEE L

G IAMRE SRR O A E ERHORE B L CBIERICEN U AR R T B,
7. ff K-E # R

BA - EMBOHEERHRIROBEY TH %,

(1) HDPDHF - M

TEBEAE THIE 20km, HHIh (10°~20°) DG EEZ 3,

(2) A - EHrEE

A M, BHHTRARRENEELEREMFEOBEIRHEEEAL, C # EHH) tilF=—v
Y —EEOBRENBREER 5,

ERREERUAOHRE TR, BR20cm UTFEZNRULETHRICERS 50T, (3), (G4 RO
FIRREMS LT IUER S50, D7, Table7 & Table 8 £+ 5 20 cm PlLEDOARD AR LR Ak
Y, ChEHITFHERICHE ST Fig. 19 OBFEZL 12, HOHT, 20cm B FOASIMRADE S
KH-T, ALFIEEOERDBEDT — 4 RENBNC L DBH B0, HilhE HEOHHEREDEL
KEBbDTHE, §70bDH, MIRAR b LORSOEEAROEL LTEEDHAITRIZNEZDT, T
BEESRE UL GRMRAL LTRRENTO 2RO FBERT — 2 DIBA L VHBIEL, Lidt-TH
ZOSTEbIAV . TEEMRTS, RARRERCBREZRRINIOT, EREHOAS Ko HH
SIRVHERRIT DT - TRARIN S MRAD T — 212 20cm Bl EOANE TN S BAR YRELHIDT
55,

EORRBURDT — 255, 20cm ULORDBEREPIC Y BB, £BHMBETO 20cm B EOAD
ﬁwékﬁ(ﬁgzm,H;Uéﬂmﬁﬁmwman*ﬁ®*®£b6m$(ﬁgm)mowr&@%
FRB LN B,

Vaop=x+7.7589(x — x2) —13, 9459 (x — x8)
+12.5643(X —x4) —4, 2574(X — x5) oo (55)
(R =0.9940)

* NEEHRERTEERTIE, WERBEROX S ICEHL T 2,

[REEMER, THEBHR X = 17 —(B+0) 035 /U +H b, REEORE LRICHT 3K 75 3 )
CCT X RUABATEES GO, A QHATHNE CLLR) ORE, B RERMLNO FEROEE, C 1
BERORET, | & r QRKERBME REETE B, Litto THITE TR A’ ORBERL, ANUGTH B
BLU COREERS,

- HERAE—RH (A3 CEEMICORN, BEHIESI BHE CHICRAShE, B, CHi2 MHFEH
TEZD3 5 CHRIHRE L8 m KDL DTH 3,




— 48 — WRABRBHERME BT

Vuse=0.9539(1—Vaop) +0. 04696 (1 — Vigop)3 +orerveesrererreenimienenns (56)
(R =0.9999)
CCT IR 20cm L EOKDABLFET, Fig. 19 OfICk - THESIN Do F72 Vaop 12 20em LU
LOABEBHBPICED ZHET, Voo RRIAMKT 20cm REOAB LD 5 HRERD LT,
Wi, WEIXORMC Liti- T HAREL (66) RiX - T 20em K& 2D DITK S

1.0~ o
=]

w
é 0.8}~ ®
2 o/

Qo
& 0.6 A,
v 0.6 °

o
5 /
5 o &
g 0.4 84
g N 8.,(J
o Lo
2 *°
» 0.2 s,
¥ 00 O
% 09, [ 3
L Tl
v ) . Cmn
L | i I ] I 1 ]
10 20 30 (my 80

MAFoEE Average diameter of stand
Fig. 19 E & 20cm 2l £ © K o X ¥ b =
Proportion of stem numbers in the d.b.h. classes 20 cm and over.

QOEMRMT, @RHIRHY
O : Unthinned stands, @ : Thinned at the beginning of period.

1.0 /
0,
%o 8 °°8/°°
=2 0.3 @ [
2 o
5 8
7] & o/ ©
S 0.6 2/ o,
c o/f ©
2 o
g * /o
& %%
a 0.4k o0
" o
B
A ®
= a
50.2— .%
0.0 ?

| | Fig. 20 20cm il Fo Ao #HBEER
| ! 1

0D 7.3 7.3 G 7.3 T.0 Proportion of stem volume in the
d. b. h, classes 20 cm and over.

BEg20empl FDARDOAFLILE
Proportion of stem numbers in the d.b.h. classes
20cm and over




P ey ATHOIER - RBOTH R 7 4ICET 3H0E (FH) — 49 —

L, zhZhilEicsEsT 5,
B #oFIBRIE, (63), (G4 RRLK A, BHZAOFARLEFHE ST TRATRD 5%,
x<0.68
Rup= —0.5308+2.72418 —2.6852%2  +rreereercuriasiannisncenains 57

1.0 féi
0.8
=3 8’
>
Foe
g z 0.6 a)o/’o
®c of
S 5 O,o
DA
S g of
5 0.4 3’
s X;
gE
&~ Q
) , W &
Fig. 21 BE#%E20cm £iEOoAORAE mg 0.2
PR H /Tw
Proportion of merchantable
volume in the classes less 0.0~ 5 X | | | |
than 20 cm 0.0 0.2 0.4 0.6 0.8 .0
BE20omE FNARDEMKILR
Proportion of stem volume in the db.h. classes less than 20cm
1.0
. 0.8
=£
Ee
& e 0.6
§3
I
dgo0.ap
E 8
&S
e
i o.2f
0.0

| i 1 1 { 1 H
20 30 40 (em)

HATHERE  Average diameter of stand
Fig. 22 H & 32cm M L O A o 8% # B ik &

Proportion of stem volume in the d.b. h.
classes 32cm and over,

* ALRE RIS FEBEROEERIVEL,
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0.68>x
Ros= —1.89+16.65—33. 755342048  «ooveereriinnninnin, (58)

Z T, Rypld B HOFIAR, x i3 (63) Tiid (564) RTRD A, BHZH0 MAKRTEH 5,

C M2 Tid, IRKOERFIAXREB1% LAHT, Thhd A, B HMORAREZFIWTHET 5,

m? Hic D ORAK, BHER, T— 2L UTEACBENESETNENOWRTRUIETH 5. G
RO & EOYRIRRIMELICTT L bOEERT S,

(3) EHMER

Rk, EREDEHRIF74ZHVEDDOEL, FHEMEMIIOM LIRET 5, +7 7 2EHOD
D, SIEMOBRRHE M), A m® by, ha Y0EHE, BEE2cm UTOAD EXRE
A (HRI) HEICE > TS 2 MERMAEEIBICRLTRY 5. COS 5 32em LFOROHRE
i3, Table 7 & Table 8 Ofi®7w » + Ui Fig. 22 OBFRZE - THET 50

HRIBE L TR, EME OBTIERICIEADT, P37 4 EA—WBET 5, 27 L1ENDD
DM 15m3 YT, BLU30miRlEod&id, ATHOLHVHEUERAL, C MTRETTELSE
FRAVAN

md H7: D OEHER I BRERER L BELEOAMK, BRENESY*DETRLTIONIFER
ZMELETH S,

(4) # W B ,

HEEFARNT 22em 2lE, 20em BT, CHORSK Lichi-TEEERAL,

(5) Me#&, ABEER, ¥RERE

¥RERIEO (1)~(4) DBRAAHD10% 75, THEMICIZ8 P VvERZERL, EEREBED
FENZED, 22ecm BlE, 20cm LT, CH#MITEITEHEERADL,

BREBREHT, BEEOFBRICEEINIRRERERLTRD S,

8 W ® %

BRBEORE THERIZ 01, BERBER2 DI IRKETINTHS, C REIRBHVERTS
255, REEEMNEILEI1ZE mP B ODEERICHDE Y =4 FHRE{NED, 2T TH—DOD
Bl LT 10ha OMMAME LTHEE L% ha YD ICRE L TRV,

CRBONER, 77 2HBMFRE BBALGR NEHE BYBRBIUBRRERBRETH S,

P/ AERERIM TR0 MBEOBELGDERETS6DET S, £y AIKTRSHRILN
HREOBEILELBIbDLEEZ, HRBEIBHEETOLEEDROSODEZRAAN, Tho3HM
Fr* O MBI U TEERIEIR ST 3%,

HEHRIT

Tl BB X HEYERR
Thas, BHEEEAHEROEFEILSO T, FETEINOFLEARORBOBLETH S, T
HHEBLORBERBEHMEL, T 23 2EBEAKLETE, £H5LT, AR, EMEEIEHERD
70%, F35 7 2EMI260% OHERNICKRTEE5E LT, HFBELOLBABMEE L, BREE

* AR ER.
wx AL PRR LA s S E R
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Table9. ¥ KX @ ¥ © T £ A G
Estimated stumpage value of the stands described in the Table 7
(Thinning)
F B & B 5% £ X IR FR K : %
® 2 M:;lc‘-}:;l;t%l})’le ﬁ{ffﬁuﬁaﬁ? ‘ﬁs‘;lcléﬁgtggl;; Production costs
Stands Ea. (53) volume proflilt and risk BV &blﬁ CF'ﬁ d%
(m¥) (m® | (%1000Yen) | (x1.000Yen) | (x1,000¥en)

dt & A—2 37.2 0 ‘0 106 0
J haNw— 3 109, 1 102, 0 1,416 954 176
EEFEF—2 3.7 0 0 11 0
5 R—53— 1 75,0 73.8 1,193 718 134
It % A4—3 91,0 87.7 1,055 895 155
I rARY— 2 54,8 47.3 0 150 0
tEBH—2 13.8 0 0 39 0
BELE— 2 37.4 0 0 106 0
5 g—s52— ! 65,7 64, 6 983 632 133
B fg—s53— 2 42,2 40,8 561 422 103
5 —a41 32.2 28.2 ] 90 )
B} fR—35— 1 36, 2 35,2 487 369 78
5 f—35— 2 31.6 29.0 0 88 )
B F E—3 28.2 23,5 0 80 0
£ 2 &5Bl—2 33.4 31.4 0 90 0
Fl OB oB—2 12,9 o ) 37 0
F OB B— 4 62,3 53,9 758 566 110
= " 2 60,9 58,0 756 616 110
B E R"—2 60. 2 0 0 171 0
#E n—3 21.0 17,5 0 58 0
& & N—2 40,7 34,1 0 116 0
a2 v—3 1.5 0 0 33 0
~ o ov—2 13. 4 0 0 38 0
~ 4 pv—3 26.0 20. 8 0 74 0
#. ¥ 41— 3 54,0 48,1 672 514 104
#* ¥— 2 63.0 59.1 757 629 110
% H— 3 50, 2 49,2 701 499 104
)il B— 3 15.0 13, 4 0 41 0
5 B— 2 7.1 0 0 106 0
= Bil— 3 47,0 44,3 602 473 103
o F— 3 24,5 19,2 0 68 0
& f— 2 112, 9 104, 4 1,276 1,029 176
+ fF— 3 54, 1 45,6 0 151 0
H w— 3 89.3 83. 6 0 248 0

B —3 133. 6 131, 4 1,909 1,203 204
Z #®— 3 | 127,0 123. 4 1,855 1,124 204

FEM 4« BO¥ o 3IXREERL, SEERMCIBRERBAES I,
Zero entry of valuable volume indicate the negative stumpage value and production costs show the felling
and bucking costs for cleanning,
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BT ATEHOAEE, COBICHEIESELTARBIUEEEOREMA LD TH B,
C RBEORHER, DLoBBOAINC 10% OEBEMZ, ASIHXRBEEMELLIOTH S,
WERBREHBIIEUTIBREOEER VS, CHIKERTINBRIIAL6% &7 5,
HERS OMR TEMBESDITNE &3, TAOPEMEHARRE L ENEN, £2OLSEEHE, 1L
AMBRFEEETRE m® b DOBREHEREL 1ML TEISCEDLN TS, ERICHICZDX

Table 10. Y K i & @® F E # (@W
Estimated stumpage value of the stands described in the Table 8

(Total stands) (per ha)
R =
= LB IR £ OE B
% Pas Merchantable| 5 ffibf # B JuSelling value Production costs
volume Valuable allowed for
estimated volume : B & & C & 7
Stands profit and risk H N
by Eq. (54) (m?) (X 1,000Yen) Variable Fixed
(m3) ’ (X1,000Yen) | (X1,000Yen)
i N— 6 170. 2 142,0 1,928 1,275 226
” —101 158, 2 135, 2 2,026 1,190 204
” — 4 219.0 201, 2 3,194 1,652 292
e R—27 119.2 91.1 1,166 867 155
» —3 207.9 176.7 2, 603 1,534 249
” —11 207.5 181. 4 3,024 1, 480 270
v  —22 186, 2 160, 3 2, 304 1,430 249
v —23C ] 289, 2 262, 3 3,943 2,100 344
v —8 318. 6 318.6 4,866 2,507 375
” — 1 221,9 251, 3 3,858 1, 680 321
v —17 352.3 377.2 6,024 2,432 408
e H— 6 356. 8 347.3 4,631 2, 850 411
v —16 139.7 116.0 1,473 1,104 182
" —13 273. 8 250. 6 3,180 2,152 330
” —23 285, 3 271, 2 3,975 2,175 344
” —30 362.0 362.0 5,222 2,891 425
b5:3 F—14 125.9 106, 8 1,720 955 176
v —23 193.6 174.0 2,708 1,456 | 249
i . !
” —24 222,9 203.3 3,093 1,676 292
#  —25 4727 473.4 8, 438 2,103 458
ik H—32 149.9 120. 6 1,273% 1,146 198
v —29 190. 7 157.8 1,790 1,436 227
v —34 219.8 186, 3 2,190 1,658 270
” —19 171. 3 145, 3 1,715 1,331 ) 227
” —3 272,2 240, 4 2, 882 2,078 330
v —28 2440 218.5 2,507 1,931 303
v —24 364. 3 349, 3 4,254 3,007 413
” —38 340.7 340.7 5,246 2,594 403
v —12 418.9 410, 6 5,048 3,518 458
ER= At 14,5 9.2 68% 106 42
b B—69 8.6 5.1 24% 58 42
F B Rl—s1 62.6 43.8 479% 457 103

* BRARELETT,

Indicates negative stumpage value.
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Table 10. (2-3%) (Continued)
GEZE =
5= L E XS Rk ¢
K & Mel"gllﬁglt:‘ble %{Eﬁglﬁ Selling value Production costs
K lowed for
estimated volume al : B & # cC B B
Stands by Eq. (54) (md) P{;’flt g&%;s)k Variable Fixed
(m$3) ’ (X1,000Yen) | (X1,000Yen)
& ¥ FE 63 57.0 42,8 616 454 103
ARG Y—69 47.3 33.1 340% 356 78
~ F L—65 57.9 41,9 442% 438 103
Fl OB Bl—s4 102.8 75.4 927 736 134
H {5 pf—e63 124.5 92.3 907% 886 155
£ # F=—s62 70. 3 52.7 630% 543 104
B F B—e2 73.8 55.3 653*% 569 105
+ fR—62 125, 6 97,2 1,131 931 155
MR H—e4 110,5 84,6 892* 830 154
HEAZP—68— 1 128, 7 100.9 1,238 961 176
v —68— 2 193.8 156, 0 1,709 1, 407 227
F 4B Bl—69 173.1 142.5 2,007 1,276 226
Er H—75 106. 3 83.4 1,084 820 154
£ i E—67 117. 4 94,7 1,191 924 155
% 5 —68 101, 1 84,0 1,286 814 154
R g E—e9 162.5 133.3 1,557 1,222 204
+ BR—o67 197.9 165. 4 2, 056 1, 480 249
5 OR—4a—iF 145, 6 121, 7 1,491 1,151 198
7 bRy —62 254, 7 219.7 2,947 1,871 303
” —67 345, 1 318.3 4,433 2,590 375
= & & B—63 198. 1 177. 4 2,416 1,583 249
EEEH—T3 163, 4 154, 6 2,583 1,323 227
7 bRy —72 365, 0 365, 0 5,318 2, 906 425
B 4 p—er 263. 2 250, 7 3,222 2,173 330
£ 4 & Bl—s8 271,2 261. 6 3,786 2,134 344
I % A7 342,0 330. 3 4,158 2,832 399
¥ ®—35—1 323.9 312.5 4,358 2,532 375
v —31— 1 352.0 377.5 6,011 2,435 408
< #E—68 360. 5 360, 5 5, 558 2, 849 425
bin We—74 225, 2 213.0 3,023 1,785 301
B 4 N—72 288.7 281.7 4, 081 2, 266 358
I # 472 389, 1 381.0 5, 327 3,081 439
Z —72 472,0 472.0 7,608 3,559 507
B B #H—74 353.0 353.0 5,436 2,792 411
#  —69 444, 3 444.3 6, 627 3,506 436
FR—4a—iF 436, 4 436, 4 6, 865 3,310 470
»  ~—35— 2 443, 7 443.7 7, 066 3, 345 484
& ¥—72 293.9 293.9 4,693 2, 242 358
* 74 321.0 371.0 5,879 2,813 425
B —71 456. 5 456.5 6, 860 3,591 495
B g—31— 2 527. 4 527. 4 9, 406 2, 340 513
HoH R R 753.0 7175 10, 051 5,773 707
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LOXIBEED DI, TRV AMED 226 mdfha SO DR D45, 300 5 /ha £
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10. E
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HEFEER U,
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Studies on the Construction of Yield Forecast and Stumpage Appraisal
Systems for Todomatsu (Abies sachalinensis) Plantations

Akira Manape®

Summary

In the growth process of an artificial forest, various silvicultural treatments are applied
at each stage, among these, the thinning operation is most important as it directly affects the
quality and the amount of final product. Therefore, the best choice of a combination of thinning
activities aimed at the greatest profit is essentially necessary in the management of an artificial
forest.

Todo fir (Abies sachalinensis) which is the most common and important native species in
the Hokkaido region has been planted since the beginning of the Showa era (about 1925) and
its area of coverage amounts to 640,000 ha hitherto, however, the bulk of this species was
planted after World War II and 88 per cent of the whole planted area of this species consists
of stands under 30 years of age, therefore, it must be noted that the area of coverage of Todo
fir will steeply increase in the nearest future.

In this paper, the author constructed both forecast and stumpage appraisal systems con-
cerning the intermediate and final cut yield for Todo fir under different thinning regimes and
prepared a means of subsequent examinations for part II, in which the author will treat the
optimal selection of thinning regimes by using the dynamic programming approach.

In chapter 1, literature related to these studies was briefly reviewed.

In chapter 2, a yield forecast system based on the yield-density effect rule proposed by
Kira et al. was discussed, and although its principle coincides with Anpo’s one being used in
the derivation of the “stand density control diagram”, the author derived some modified pro-
cedures while reviewing the estimate reliability.

1. Yield-density effect equation

Anxoo expressed the reciprocal equation of yield-density effect in relation to growth stages
as follows

V = (hiH b2+ bsHrP4/P)~1 e (8)
where V, p=stand volume and number of stems per ha respectively, Hp=average height of
main crops or top height, and by, bs, b, by are constant.

Furthermore, the maximum density of stands with regard to the stem volume per ha is
given by the following equation (Kira et al.).

V=KpPUEL e (24)
where K;, K; are constant.

On the other hand, Axpo indicated that the constant Kj connected with the parameters of
Equation (8) is as follows

Ky =by/(b3—by)
However, the K; calculation by this relationship is inadequate because a stand with density

Received June 24, 1981
(1) Hokkaido Branch Station



b Eey ALMORER ERBOTFH YR T 2ICHT 205 (BH) — 61 —

near maximum is very rare and the parameters of Equation (8) derived from data from a
lower density stand scarcely include the information for Kj.

If conversely, K; is derived from an extremely dense stand, b3 in Equation (8) is eliminated
and the precision of the remaining parameters can be improved. Thus the author obtained
—1.8543 as the value of Kj by using both Equation (24) and data concerned with two unthinned
Todo fir stands; the planted densities are 160,000/ha and 4,200/ha, and the ages are 7 and 45
years, respectively. Therefore, the author applied the Marquarot’s maximum neighborhood method
to the reduced form of (8) in which 4; was eliminated and estimated the following yield-
density effect equation.

V = (0.23177 H 7~ 1-657816 -t 28839 5 F 7~ 8-597888/0) =1 toooiiuninirinninne, a9
where V' =stem volume per ha, Hy=top height, # =number of stems per ha.

2. Site index curve

From the height growth curve of main crops given by Marsur’s general yield table for
Todo fir, the author calculated the following series of site index curves (see Fig. 2).

Hr=m()+(S—h(A)Dh(O)h(A) o, 21)
where Hr=top height at age ¢, S=site index, A= reference age (30 years), 2;= guide curve

equation being given as

Pi(f) =36.73 — 39.5879(0.9853)F  ceeeerreniieii (22)
hg = equation of top height dispersion at the age ¢ being given as
log ha(t) =0.7293 — 2.8155(0.8767)f  coreeeesiemnienininiennn (23)

3. Course of self thinning
According to Tabaxi, the course of self thinning in even aged stands which started from

initial density p, is given as

v
1o =t g

where ¢=stand density which corresponds to the mean stem volume v, K; is the same as in
the above Equation (24) and Kj is 2.17927 X 108,

The author divided the Equation (19) by ¢ and substituted it for the Equation (28), thus,
the equation indicating the process of self thinning accompanied with top height growth was
obtained as follows

(b1 H %3P + by Hr9) (/P — 1/P) _ﬁ= 0 rereerrrerreereneeneia, (30

The future stand density concerned with the given mean volume and stand density at the
present time can be predicted by using Equations (28) and (30).
4, Basal area and average diameter
The stand volume can be indicated as follows
V=G-HF
where V, G = stand volume and basal area, respectively, HF = form height.
This form height closely relates to the top height and the degree of stocking, consequently
the following equation can be obtained
HF =013144+ 04505 H 7 + 04541 Ry -overreeereerremimcrmnn 3D
where HF =form height, Hy = top height, Ry =degree of stocking being given by relative
volume, i. e. ratio of actual stand volume to the standard calculated from Equation (19).

Furthermore, the diameter corresponding to basal area per stem is given as
Dy=200V[(HF -m-p)
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On the other hand, the author calculated the relationship between the arithmetic mean

diameter and the D, as follows
D =013+09841D, —0.5125/Ry  crreereerrmrneninnnnnns (32)

From these results, being given stand volume and top height, the average diameter of
stands can be calculated easily.

5. Accuracy of yield forecast

The accuracy of stand volume calculated from Equation (19) is not as high as shown in
Fig. 3, therefore, the author gave a correctional procedure for calculated volume using the
degree of stocking. Then, the author defined the ratio which is similar to Ry for the average
diameter of stand

Rp = (actual average diameter)/(standard average diameter
given by Equation (32) putting Ry at unity)
and derived the following relationship
Ry=—08238+18202Rp = sreeeeerenniieinaen.. (33)
Thus, if the actual average diameter is known, the forecasted volume can be corrected by
using this Ry.

By using this procedure, the standard deviation of error reduced to 1/4 as compared with
the initial value (see Fig. 5).

Furthermore, the author recognized that the degree of stocking Ry closely related to both
the growth history of stands (see Table 1) and the homogeneity of stand structure (see Fig.
6), furthermore, it changes with the passage of time. Throughout the data analysis of per-
manent sample plots, the change of Ry in a five year period was expressed as follows

Ryy =2.2845exp(—0.7813/Ryx)  sreemveeriemnniiinnn (35)
where Ryy and Ryx are the degree of stocking at the end and the beginning of the period,
respectively,

Taking account of this change, the author again calculated the corrected volumes at the
end of the period and obtained results as shown in Fig. 8 and the estimation error diminished
to 1/2 of the initial value.

6. Thinning yield

The author related the volume thinning rate to the stem number thinning rate and the
Dr/D ratio and obtained the following equation

log Pry =0.0213 +0.9422 log Pry +2.6329 log (Dg/D) «----xvrveeeess (36)
where Pry and Pry are volume thinning rate and stem numbers, respectively.

Ratio Dr/D is a measure of the thinning type which was used by Warrack and is given
as

Dr/D = (average diameter of thinnings)/(average diameter
of stands before thinning)
Therefore, the volume of thinnings or residual stands is easily derivable as a product of this
Pry or (1— Pry) and the initial stand volume. Fig. 10 indicates the relationship between
actual and calculated volume of residual stands.

On the other hand, the average diameter of thinnings is the product of the ratio (Dr/D)
and the average diameter of the stands before thinning; the average diameter of residual
stands is given by the following relationship

_ D~ Pry Dr
Dr 1— Prxy
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where Dg=average diameter of residual stands, D, Dr = average diameter of stands before
thinning and thinnings, respectively, and Pry = stem numbers thinning rate,

The relationship concerned with the average stand height is as follows

Hy=—084+10341H7r —0.3578H 74/ p/(100Ry) «+orecreevveerenennn (38)
where Hy and Hp=average height of stands and top height, respectively, p=stand density,
and Ry =degree of stocking.

Assuming that Prg is Hyr -Pr/(Hy ), the following relation is derived

log Prr — 0.0267 + 1.0252 log Py + 0.5230 log (Dr/D) -+-ereeerserree (39)
where Hyr and Hy are average height for thinnings and before thinning, respectively, f7 and
p are stem numbers for thinnings and before thinning, respectively. Throughout this pro-
cedure, the average height of both thinnings Hyr and residual stands Hypg is given by the
following two equations

Huyr=Pra-Hy/Pry e (40)

Hyr=Q—Pra)Hul/(1 — Pry) = v 41

Synthesizing these results, the author finally constructed the system of yield forecasting
as shown in Fig. 13.

In chapter 3, the author constructed an appraisal system of stumpage value in order to
evaluate the expected future revenue of intermediate and final cut yield under different thin-
ning regimes based on the data given by the yield forecasting system described in chapter 2.

1. Stem taper function

The author derived the following taper function for Todo fir in order to estimate the
merchantable volume per stem by diameter and height class

d3{ D% = x15 + py (2185 — 28) 4 pg(x1-8 — x8) - D + bg(x1-5 — x8) (H[D)
F be(#15 — x89) 4 (218 — ) DI 4 pg(x18— £40). D e 42
where H and D =total height and d. b. h,, respectively, d = diameter at different section height

(ditsance from the tip to the height at which)
__\the diameter is equal to 4

(H—13)
and b; is as follows
b1 = 0.403749 bs = —0.270318 X 102
by = 0.650416 by = —0.249690 X 102
bs= —0.595701 X 104 b6=0.121614 x 108

By using this equation, the author prepared the stem volume table as shown Table 2. Fur-
thermore, the reliability of the estimated volume is indicated by Fig. 14 and Table 3.

2. Average log grade

The author investigated the distribution of log length and grade over the merchantable
bole in order to assess round-wood volume assorted by size and quality being obtained from
felled trees. Fig. 15 gives an example of such a distribution in which logs are classified into
four grades according to the Japanese Agricultural Standard. As these graphs show a step-
like shape, the statistical treatment does not lead to any practical result and the author
introduced the idea of average log grade and transformed these log quality data into more
tractable form. The average log grade at the specified point of the bole can be defined as a
weighted mean of log grades with the respective volume weight for all logs being bucked
below that point. For example, as with a hypothetical tree stem of conelike form as shown
in Fig. 16, the average log grade at the top end of the second log is given by
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Qoo + Qrv1 + Qavi _
Yo+ v+ g 1.667

where @ is the grade of butt wood and here equated to @, and Q; is the i-th log grade,
similarly, v, and v; are the butt wood and the i-th log volume provided by the taper function.

Assuming that wood quality is quite homogeneous in the same log, the average log grade
can likewise be easily defined at any point on the stem. Fig. 15 indicates the trend of average
log grade calculated at every one-tenth interval of the total stem length with regard to two
sample trees, previously mentioned.

Thus, the author calculated the trend of average log grade for the log quality data ob-
tained by investigating 418 felled trees and fitted the fourth degree orthogonal polynomials
to an individual trend. As the fitness was fairly good, it can be pointed out as an important
truth that the information on criginal log quality data was concentrated into coeflicients of
these polynomials. Throughout the examination above mentioned, the author finally obtained
five equations with the coeflicients of orthogonal polynomials by using d. b. h,, total stem length
and first log grade of felled tree as follows

B, =0.2203 + 1.1069 @ — 0.1240 (Q- H) (107%)

+0.8254 (D-H) (1078) — 0.4795 (Q- D) (1073) «++vrverrverreeniinann, “n
By =0.0476 — 0.1501 (Q- H) (107%) + 0.1447 (@3 H) (108

+0.7729 (D-H) (1074) — 0.4828 (Q+ D) (1078) «+-+vveeeviirunvnninns (48)
By =0.0522 — 0.4043 (H) (10-%) — 0.1970 (Q) (10-1)

+0.1954 (Q- H) (1072) — 0.2099 (Q- D) (1078) «ercrerrererrimniinnnns 49
Bs= —0.0022 + 0.2453 (H) (10-%) + 0.7829 (Q) (10-%)

—0.3562 (H/D)(1073) — 0.3900 (D H) (1078) cerrrreeerimriemrianaans (50)
By= —0.0021 + 0.1363 (D) (10~%) + 0.6512 (Q(10-%)

—0.3800 (Q H)(10™%) — 0.2684 (Q- D) (107%) -+vvvrevvvrvemnnanaann (51

where l§¢=estimate of the i-th degree term coefficient, D and H =d.b. h. and total stem
lengths, respectively, and @ = grade of first log.

3. Merchantable volume and market price of single tree and stands

By applying various relations indicated by equations (47)~(51) together with the equation
(42), the author constructed the simulation model in order to evaluate the merchantable volume
and market price of a single tree (see Fig. 18). Table 6 indicates the merchantable volume
and market price of a single standing tree. Taken into account are both d. b, h. and the height
class derived from this mcdel by inputing the relative frequency data of @ and the market
price per unit log volume to every assortment class.

If stem number data by diameter-height class are available, the merchantable volume
and market price for total stands or their specified portion can be evaluated by applying Table
6. Tables 7 and 8 indicate examples of such calculations for stands with different density and
at various growth stages.

On the other hand, the yield forecasting system describsd above only gives stand charac-
teristics about total stands, with tree size distribution being indistinct. Therefore, the author
derived the following relations in order to estimate the conversion factors from cubic volume
to merchantable volume using the results as shown in Tables 7 and 8.

log Ryr = 1.470453 + 0.356675 log H y — 0.050351 (H sp/H7p) -+ (53)
log Roay = 1.330721 +0.075713 log D + 0.431430 log H »
—0.341253 (H y/H7) +0.104679 Ry -+ oovevreersservonisnninns (54
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where Rpr and Ryy are conversion factor for thinning and final cut yield, respectively, D
and H =average of diameter and height of marked trees, Hr=top height, Ry =degree of
stocking.

In the same way, the market price per unit merchantable volume for both thinning and
final cut yield is given by the equation

Py =4.7927 + 1.051488 D —0.013827 D? — 5.794374 (Hy/H7) - (52)

where Py = market price per unit merchantable volume,

Thus, the selling value is given by the product of Py and Ryr or Ryy multiplied by stem
volume,

4. Construction of the stumpage appraisal system

The stumpage value is the difference between the conversion return and the buyer’s return
for profit and risk, in addition the former is the difference between the product selling value
and the production costs. As already mentioned, the selling value of a marked tree is given
by Equation (52)~(54), furthermore, the profit and the risk allowance expressed by the dis-
count rate to the selling value together with the cost-standard in felling, bucking, skidding
and transportation etc. are minutely indicated in the Stumpage Appraisal Manual of the
Sapporo Regional Forestry Office. Therefore, the author constructed the stumpage appraisal
system of cutting yield using the relationship given by Equations (52)~(54) and specifications
of the manual. . Examples of outcomes calculated with this system using the stand charac-

teristics as shown Tables 7 and 8 are illustrated in Tables 9 and 10.



