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T(Py,dy) : k3HOMMRIBICE L, BRFE de ZFA L E &, RO k+1 TR DB INDHK
SREEAETRT, B T RIETH 2 FLTH 5,

ay k+1 S E RS BOMOERICK - T & % 2 AR,

Fon(P)  GIRE P 0003 3 kAL O N BT TORBILHET, & 2 HRIFEEREEHEI
WD & EDID kAMICE Y B IS

Mo ) S S TOMBAE d LT () AERELIL 2ORKE, A-NOLE, R
FAT&20R3BREHITHY, ( I HOE2EHIABRLNL ST, frw BERNEEZ S,

(3) BEAMSREE LT, BTABCIZHEFIRE 70 —F +— MCX TR L7,

o b RE2Y ATHOREREXEE

L i W O£ #

CNETRNTE L FBELH AT, + FoY ATHOSEMRIHEZRD 5. FEOMBIRROLLY
TH b,

(1) & @y

HEMRR LEATEEES 12m CET 2G5 28m IR 2 ETOMET S, K720, HMBEMNR
BT, 6041215 - T & EBATFEHEL 28 m ICE) LS VIBAICR, 60 FEKIIE T2, COmEE,
BEOMBERCTERREB LTS choB#M LY 200, LEKRFEMES 12mICEEHT 59,
F 60 ML TIM T K7y OERIYO—EDE LTINS LEALDETH B,

BEbOEER, HEPHMAELTHROSBIchT T, £l OIHICENERICHL - THEDONS,
MRS DAPOKRD DICEFT 2. SMORXR, TR LEATEEEY 2m RS 301
PEIERE LTE L. Lich-T, HEHRBRRIEE, SRR TEENTEL 2128, MR
DY LBIITE {135,

(2) # B

3 BBOMALIEEY, 12, 14, 16 OV TRERERD 5, MOMBIERICOVTS, F—2D% LY
ATRRBIESTE B,

* AR R M 30 £ O LA TERL TV S, X 4 B3R
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Ak Thinning rate in numbers
Fig. 3. B#{LHREAVBRFEOER

Sort of thinning treatments used in the optimization,

O RHERBTEFIh/IMRIE
Thinning methods employed in the yield experiment plots

® BHLicANIBTA

Lattice points selected for optimization

(3) R

WREEER R TEHIL, FEATSREE, ha Y DERBBLUIIRETH 2. Zho0EHORAR,
PR ALHOBEEET, NBHHK 0.6 MHHATT, 0.8 MELELTOEEL INTVIYDT, A
DOTFR%Z, NEHEO0.61Cxd 2 A% &, BEAR 1, 100K /ha icxfd 5 BRUEE 2 H EOXKOLITH
HETB, £ bRR, NEREO0.9ITHT 2 A8 E, BEHALS3,6004/ha DL EDOERME| SH LD
KPDLIENFH %L D, LhoDORMRA R EBAEGREIZ L - TELT 5,

MAER, MABEBHMOERERCET 28/MEL, 5 EHMOE /LD TR

Ryy=2.2845¢0818/RVX e, (8)

ZHBWT, WHEOM Rrx SIAROEMB—RTAME 1. 1748 2851 LT, 0.6~1.2 D& T 5, T4
B, WOEEEBRMICRENA2THRMED 60~120% OFEHE & >HA R TH 2. C ORIbHIIEE
BEEE LT &T 5,

BFADRRRIR, KHTS0RK, MAERO1ETE, HEQCULT, HIMEFEORMAICE-TT
MINZRDADREN NS OHIIRHHEBZ S & i3, TOMKRFERBEGTETS,

(4) RfRFEORMH '
BRGERE, APAMRELMREERT Dr/D WTEHEL %, WHIRERICE Y 2[ROFITHEICL S



F Py ALHORERRHE ICET 2058 (D) — 5 —

Table 1. ] &R % H o & #H

List of thinning treatments.

A KM &R MREEERX
% = Thinning rate Dy/D K, Thinning rate
Ser. No. in numbers Thinning type in volume
% (%) &3]
1 # MR Non-thinning
2 20 55 4.8
3 20 60 6.0
4 20 65 7.4
S 20 70 9,0
[ 20 75 10. 8
7 20 80 12,8
8 25 60 7.4
g 25 65 9.4
10 25 70 11,1
11 25 75 13.3
12 25 80 15.8
13 25 85 18,6
14 30 65 10.9
15 30 70 13,2
16 30 75 15,8
17 30 80 18,8
18 30 85 22,0
19 30 90 25.6
20 35 70 15,3
21 35 75 18, 3
22 35 80 21,7
23 35 85 25,5
24 35 90 29.6
25 40 75 2101
26 40 80 25,0
27 40 85 29.3
28 40 90 34.1
29 45 80 27.5
30 45 85 32.3
31 45 90 37.5
32 = 1% Clear felling

&, COToi3 Fig. 3 ODERETDOEDE S AT Bo COT &b, AKEIMRHK0.20~0.45, Dp/D

1 0.55~0. 90 DHHEXNRIC, £NTH0.05 HBOK F#ELER,

BFATREINS 30 EOMREE

(Fig. 3 ORA) KEEREBEREMATRZEROFELZ LB T2, 120, RWEOZMIBEE B
B, TZTR1ADOMRIICE ZNBEROETE 0. 12 INICHIRT 5, ZhiZFEHRO®KET,
AP B3 EXT LNERNICIE S,

PR GO ZEMIE Tablel DEHDTH D,
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(5) HERELIUBRLHNE

FIRIIIE S 5% A BHEL T 5, BRSHR, WIH® OLEBOHTEROHETENIEBVTH D,

LRI OMMR, FICTEBROBGICR, BEOHMEEERDRHEOD L TRIEDRFZIEZLAL
BB, TOIHIBHAOFME LT, ROTEDOSOMEZL SN D, £F, ftkE, TP
M0, BREEELAILL DI, REEEYDOMELEDLHOREFERLEELT, PIARRETH-T
HRIRIRIC T I R BMOMREETTEEVIEZFTH 2, L L—FH T, RO REDR
LT B -TH, RREKESHVREATEEDHRFEERT IV ENSTELHVES,

TR, WIEERENMNK, REEFAOMERE LTRIIL, ZhehoBa0RERekns s
IZ9 5,

REMBE TR, WOMRESRBEELISNOFINIZET T, Tablel OF~TOFEEHEICED b,
b LRIRM B 5012, BB LELOSTERNDT, #5802 0E LT AL RIS & RNEEy
i LT 5,

FIAMERTE, ARECEHTEZHRA L THEEZED 5, ETTRER FEO X MICIREMIEIL 2
O NI, EERBSEDL EOREDRRICIE B,

2, B X3 & ®

(1) ®RERRIMK

RENMAR OB A OREMZ IS 14 KDV TRT &, Fig.d DXHiKis 3%, COARAEI Fig. 20
step 8 TIHOND d EDEDTH 50 MFADIUARELHARD ha M D RBUTHES TR LA
i3, BROLERH Tablel OMURAEDE LES T, RBROGMIIBEIS AR RE (%), /K
FBUTO 28 DD e (%) #FZ LTS, 0 & kL, THENEEML, BHRSEERIR &
LHBAETH B,

ZhoDffid, FIAE Fig. 4 DRPIOKRTIE, HATIEE 14 THES 26 FOMSE, HEH LD K 5 ICH
DS OBBEEPEHRSREINCTRLTING, THHB, 5L 5NHIORRICHIEY 5 BERMHR
FIDE 1 EDONEN, AEMMREE Dr/D CRENICIERSN S, COBKT Fig. 4 13 BHEIRETH
ORURIESRITIE - T B, 3%, R LOLREAESMER, MENORBEE URV XS clgEL Ty
ADT, EFERL 2mERLEBE - THED,

Fig. 4 0f%l, ERITRETLEBIOAOARBERFECNE IS, RAMCEST 385 0A
FEEZER LU CREEINBERIO—WTATH S, O, HIMREBEBRINZEMR S E O—IE
%, IEHEROMMELET TRATIORKRETH S, LOLUTIKBIEMIFHALEENTES,

29, Fl—ORMRAEINEFRE L - THRAREIC IR LT =44 ZRICBEN 3, 20X IC RR:
Dr|D sy OA EMAERE L TAT LHERMICEL LTV DR, BFATEMFAEZT-TH
BT L, EMIEEICHER U BEERSFIROBEBARKE - Thac tickd LEibnd, LkL, BD
G oK, YUAEXAOMEFEDOIRECE v v 7HHS2L ETE, FIEROTEHERS B D ORMRE
EITLTWIE, ThENOLEE 2 — A BBLOEBREY Il -» THHTITC T LRFEEED S
LPTH b,

CTicld, HAER 14 ORRIEHEOAER LAY, EEAES#HE 12~14m OB TR, Zoi

* RS DORIEASH BB - R B 2 HMRETH - T, LT LLEE, HEOBUEEKR LI, ALINIVE
ELABOHIEE, PEVRAZVERLBOKSEEL O - lAbELBDES,



Serial no. of thinning method listed in the Table I.
stems(%). Two places of decimals :

EHRIIED oM ENENCEEREICEET & LOHIREORIA LT,

Optimal thinning guides for non-commercial thinning,
#ALFIZ% Annual rate of interest 3.5%, Hifir#s¥ Site index 14, RV : 3 KJ Relative volume, RHO : #43% K Stand dnsity
No./ha ¥HFZIIBEIO 2 KiBERFEOELES, RO 2HIIEHRR(E)T, /NUREITO 2#13 Dr/D It

Entries indicate the best combination of thinning rate and Dr/D ratio for given stand conditions. First two digits :

Dr/D ratio

conditions in which the optimal state is not attainable within the assumed rotation.

Second two digits after the slash : thinning rate in number of

The solid line shows the region of initial stand

RV 0.60 0.70 0.80 0.90 1.00 1.10 1420
RHO e e
RV 0460 0,70 0.80. 0.90_ 1.00 1.10 1,20 850 | 2/20.55 2/720.55 17 0, 17 0. 1/ 0. 2720.55 1/ 0.
I - o .900. | 8/25.60_8/25.,60] 27204551/ 0y _11_0.. ___2/20,55 .1/ 0.
1050 [T 077 01 4/.0. 1/ 0s 1/ 0. 950 | 2720455 2/20.55 |_2/20,55 2/20.55 2/20.55 2/20.55 1/ 0.
1100 2/20.55 2/20.550 2/20.55 27/20,° 2720, 1000 | 2/20¢55.__2/2055_.2/20,55] 2/20455 13/25.85_.2/20.55_ 1/ 0,
1150 | 8725600 272055 8/25.60  8/25.60_ 2/20.55_ 2/20.55 1/ 0O 1050 | 2/20.55 2/20.55 8/25.60] 2/20.55 2/20.55 2/20,55 1/ 0.
1200 T 27204550 72/20055 2720055 T2/20.55 2/20.55 2/20.55 17 0. 1100 } 2/20,55 _.2/20455__8/25,601. 2120.55_.2/20.55_.1/.0.
1250 | 2720455 2720455} 2/20,55__2/20.55._2/20455__2/20.55_ 1/ 0, 1150 8/25.60 2/20.55 14/30,65 2/20.55 2/20.55 1/ 0.
1300 | 2720.55 "2720.55] 2720.55 2720.55 2/20.55 2/20.55 1/ 0. 1200 1 2/20455 8/25460 q:?/? 235 14/30,65 2/20,55 2/20,55 1/ 0,
1350 | 2720055 8/25.60| 2/20.59: _8/25.60  2/20.55._ 2120055 1/ 0. 1250 | 2/20455 14/30.65 2/20,55) 2/20.55 2/20,55 2/20,55 1/ 0.
1400 | 2/20.55 2/20.55| 2720.55 7 2/20.55 2/20455 2/20.55 1/ 0. 1300 1 .8/25,60..2/20,55._1/ 0, _1 2/20.55.2/20.55 2/20.55 1/.0,
1450, | 2/20055 16730085 8125602120455 2/20.55._ 2/20.55__1/ 0. 1350 | 2/20.55 2/20.55 8/25,60| 2/20.55 2/20.55 2/20.55 1/ 0.
1500 | '8/25.607 8/25.40] 8/25.60 2/20.55 2/20.55 2/20.55 5/20.70 1400 1 2/20.55..2/20455..2/20,550 _2/20,55 . 2/20,55..2/20,55._1/ .0,
1550 ] 8/725.60 14/30.65{14/30,65  2/20,55 2/20,55__2/20.55__5/20.70. 1450 | 8/25.60 2/20.55 8/25.60 _2/20.55] 8/25.60 8/25,60 1/.0,
1600 | 8/25.60 2/20.55|14/30,65 2/20.55 2/20,55 2/20.55 5/20.70 1500, | 2720455 _8/25.60__8/25.60f 8/25,60 __8/25.60__8/25.60_ 4/20.65
1650 | 8/25.60_ 2120.55) 2720055 2720455 2720055 2/20.55 17 0. 1550 | 2/20.55 8/25.60 2/20.55] 8/25.60 14/30.65 14/30.65 1/ 0.
1700 | 2/20.55 B/25.60| 2/20.55 2/20.55 2/20.55 B8/25.60 1/ 0, 1600 1 8/25,60..2/20455_2/20.55014/3 1473065 _14430,65..4/20465
1750 ] 8/25,60_.2/20,55) 2/20.55_.2/20.55__8/25.6Q._8/25+60._ 1/ 0. 1650 | 8/25.60 2/20.55 2/20.55 14/30465] 8/25.60 20/35.,70 4/20.65
1800 | 8/25.60 2720455 2720.55 2/20.55 8/25.60 8/25.60 1/ 0, 1700, 114/30.65__8/25.60__.8/25460] 2720455 __8/25.60_20/35.20._.9/.25465
1850 | 8/25.60 8/25.60] 8725.60  8725.60 8/25.60 8725460 _ 14 O 1750 [14/30,65 2/20.55 8/25.60] 2/20.55 2/20,55 20/35.70 3/20.60
1900 [14/30,65 8/25.60) B/25.60 8/25.60 14/30.65 14/30,65 1/ 0, 1800 §20/35.70 _2720455__2/20.550_242Q,55 8/25.60 14/30.65. 3/20.60
1950 $14/30,65 14/30465 8725460} 8/25,60_14/30.65 14/30,65 170, 1850 |20/35.70 2/20.55 8/25.60 _2/20.55] 8/25.60 14/30.65 14/30,65
2000 |20/35.70 14/30.65 _2/20,55] 8/25.60 8/25.60 20/35.70 15/30.70 1900 120/35.70 8/25460 14/30.65 B/25,60_ 2/20.55 . 2/20,55.14/30.65
2050 120735070 2720055 (147 10.65. 8/25.60_14¢30,65.20/35.70_15/30.70 1950 [14/30.65 8/25.60 14/30,65 &/25+60] 2/20.55 2/20.55 14/30.65
2100 [20/35.70 2/20.55 14/30.65]14/30,65 14/30,65 20/35,70 4/20,65 2000 414/30.65__8/25:60 14130465 2420455 _.2/20,55.14/30.65
2150 | 8/25.60  8/25,60[ 2720455 14730065 16/30,65 14/30,65_ 9/25.65 2050 314/30,65 2/20.55 8/25,60 8/25.60 8/25,60 14/30,65
2200 | 8/25.60 8/25.60| 2/20,55 14/30.65 14/30.65 14/30,65 4/20,65 2100 §14/30465 .8/25.60_ 14/30.65 _:8/25.600 _8/23,60  8/25.60 _8/25.,60
2250 | 8725060 8/25.60 14730065 14730065 2720055 472065 2150 [14/30.65 8/25.60 14/30.65 14/30.65 14/30.65]14/30.65 20/35.70
2300 |14/30.65 2/20455 _2/20+55]14/30465 14/30.65 14/30,65 4/20,65 2200 114/30465__8/25.60 _8/25,60.__8/25,60_.2/20.55}14/30.65_14/30.65.
2350 |14/30.65__8/25,60 3720, 55, 8/25+60_14/30+65_14/30.65 _9/25.65. 2250 [14/30.65 B8/25.60 8/25.60 8/25.60 14/30. 85114/30.65 14/30,65
2400 [14/30.65 8/25.60| B/25.60  8/25.60 20/35.70 8/25.60 9/25.65 2300 §14/30,65_.2/20,55__8/25,60_.8/25,60 1 1164/30.65.14/30.65
2450 | 2/20,55_.2/20.55. 8725460]..2/20455.20/35.70_20/35.70._9/25.65. 2350 | 8/25.60 2/20.55 8/25.60 8/25,60]20/35, 70 20/35.70 2/20.55
2500 8/25.60 2/20455 2/20.55 20/35,70 20/35,70 3/20,60 2400 | 2/20455__2/204+55..2/20,55.8/25.60.20/35.70420/35.70....2/20.55
2550 |14/30,65__2/20455  2/20455...2020455_14/30.65 14730465 2450 114/30,65 2/20.55 8/25.60 8/25.60 20/35.70 |20/ 20/35.70
2600 | 8/25.60 2720455 8725460] 8/25.60 8/25.60 20/35.70 16/30.65 2500 3164/30,65..2/20,55 _ 8/25.,60 8/25,60 14/30,65_ - 8125.60
2650 |14/30065_ 27120055 872560 2/20,55 _ 8/25.60_20/35.20_14/30465. 2550 | 8/25.60 2/20.55 8/25.40 8/25.60 20/35.70 [20/35.70 8/25.60
2700 |14/30.65 2/20.55 8/25.60] 8/25,60 8/25.60 20/35.70 8/25,60 2600 J16/30,65 _2/20.55_2/20.55__8/25,60_20/35,70_20735,70)..2/20,55
2750 114730065 872560 | B/25.60 8/25.60.20735.70__8/25.60 2650 14730465 2/20455 8/25,60 8/25.60 20/35.70 20/35.70] 8/25.,60
2800 T14730.65 872560 8725 60 B/25.60  8/25.60 73560 2700 § 8/25.60__2/20455__8/25.60_ 8/25.60_20/35.70 20/35.70} 2/20.55
2850 [14730065_ 2120455 §/35 60 B725.60] 8/25.60__8/25.60. 8/25.60. 2750 | 8/25.60 2/20.55 8/25.60 8/25.60 14/30,65 14/30,65] 2/20.55
2900 [14/30.65 14/30,65 8/25,60 14/30465 ra/zs.eo 8/25.60 8/25.60 2800 1 2/20,55.2/20455 .2/20,55.°.2/20.55 20/35.70 [20/35.70, .2/20.55.
2950 [14/30065_14/30,65_2/20.55. 14230065 14730.65_ 1473065, 2850 | 8/25.,60 20/35.70 8/25.60 2/20.55 20/35.70 207/35.70] 14/30.65
3000 T14730065 8725 60 272055 Iar30.65 14730.65 14730.65 14/30.65 2900 |.8/25460_16/30465._.2/20,55_.2/.20,55.20/35,70.20/35.70)_8/25.60,
3050 |14/30,65 14730,65._ 2720,55 15730,65]14/30,65_14/30,65 _14/30.65. 2950 | 8/25.60 14/30.65 8/25.60 2/20.55 20/35,70 20/35.70| 8/25.60
3100 14730065 14/30.65 14/30,65 3000 | 8/25.60_20/35.70 . 2/20,95 . 2/20,55 20/35,70 20£35,70) 2/20.55
LREATIg8E Top height 12.2m, ##4 Stand age 26 yrs. FEACEYI%E Top height 14.0m, i Stand age 30 yrs.
Fig. . # % B M & o #& # %
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Fig. 5. #1 A W M & o & &

Optimal thinning guides for the commercial thinning,
HEFER Annual rate of interest 3,5%, Hifrig¥ Site index 14,

AREF AR ERE OKD D ¥ Tk L TETTE VKRS REBOERERT
‘The dotted line indicates the region of initial stand conditions in which the commercial thinning is
not practicable before the end of planning period. Others are same as Fig. 4.
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A

EBAELRE Top height 16.0m, i Stand age 35 yrs.

RV 0,60 0.70 0,80 0.90 1.00 1.10 1.20
RHO
s00 | 17 o. 17 0, 1/ 0 L1/ 0 11 0. 17 0. 17/ 0,
550 ] 1/ 0. 17 0. 14 0. T/ 0¢_ ). 07 0. 170, 14_0..
600 1/ 0, 17 0. 1/ 0, 17 0, 17 0. 17 0. 1/ 0.
650 1 1/ 0. 1/ 0e . 14 0« AL0._ ) 17 0. 9/25.65 1/ 0. _
700 | 1/ 0. 1/ 0. 1/ 0. 17 0. 1/ 0,  18/30.85 7/20.80
750 | 1740, 140, 1/_0e 1. 09 _1/7_0. __)18£30.85 _.7/20.80
800 | 1/ 0. 17 0. 1/ 0. 17 0 1/ 0. |[13/25.85 7/20.80
8501 1/ 0. 1/ 0e _ /0. 1/ 0. 170, }13225.85_7/20.80
900 1/ 0, 1/ De 1/ 0. 17 0. 1/ 0, 12/25.80 21/35.75
950 | 1/. 0y 1/ 0w A4 0«1/ 0. 1/ 0. |17/30.80_21/35.75
1000 1/ 0. 1/ O 1/ C. 17 0. 13/25.85|17/30,80 21/35,75
1050 | 14 0u__ 1/ 0s .1/ 0e__ 1/ O __18/30.85 72/25.80]21/35.75
1100 1/ O. 17 0 1/ 0, 17 0. 13/25.85 12/25.80]14/25.7%
1150 117 0. 1/_0. 1/ 0. 1/.0. 1/ 0. 17730,80§11/25,75.
1200 1/ 0. 1/ 0. 1/ 0, 1/ D. 13/25,85 17/30,80]15/30.70
1250 | 1/_0.___ 17 0. 1/_0. 1/ 0o 13/25.85.21/35.25}15/30.70.
1300 | 97 0. _ 1/ 0. 1/ 0. 1/ 0. 17 0. 19730490} 6720.75
1350 JC w1 1/.0e 1/ Qe 12 Qe 14 Oe___21235.25)20435.20.
1500 [\ 1/ 0. 17 0. 1/ 0. 17 0, 22/35.80 21/35,75[15/30.70
1450 § 1/ 0. 1/ 0a 1/ 0e__13/25.85 1/ Q. 21£35.25]15/30.20.
1500 [y 1/ 0. 17 0, 1/ 0. 1/ 0. 17 0. 21/35.7515/30.70
1550 |4 140, 1 0. 14 0. 1/ 0 1/ Oe 19/30.90)15/30,20
1600 {y 17 0, 32 0,.__ 1/ 0, 1/ 0. 1/ 0, 21735,75[15/30,70
2650 JB2/ewnes 32/ ewexa) 19730490 _19/30.90_12/30.80 21£35.25.]15£30.20
1700 [152/782ase 32/%424+119/30,90 19/30.90 19/30,90 21/35.75 18/30,85
1750 JI32/#newn 32/ anwww 377 4w22%¥119/30,90 19/30.90_19/30.90_18/30,8%]
1800 [B2/4%san 32/%unun 32/4x2++119/30,90 19/30.90 19/30,90 18730.8S
1850 |R2/anuws 32 nsuve 32700002 119/30.90_19/30.90 19/30.90 _18/30.85)
1900 {32/ %txns 32/watns 32/0uxex19/30,90 19/30,90 23/35.85 18/30.85
1950 [32/sens 32/uesun 32/ 4vnnt IFTwasew] 23/35,85 23(35.85.18£30.85)

LFEAYG#E Top height 18.1m, kg Stand age 41 yrs,

Fig. 5. 3% (Continued)

FHENEEREY

& 828 %



RV 0.60 0.70 0.80 0.90 1.00 1.10 1.20

RHO -

400 1/ 0, 1/ 0. 1/ 0. 1/ 0. 1/ 0, 1/ 0. 1/ 0.
450 1 17 0. 1/ 0. 1/ Oa 3/ 0a_} 1/ 0a.___ 4/20.65__7/20.80Q
500 7/20,80 1/ 0. 17 0. 1/ 0O 1/ 0 3/20,60 77/20.80
_550 ] 6/20,75_ 1/ 0.1/ Q. 1/ Ou 1/ 0._.1.3/20,60_17/30,80_
600 6/20.75 1/ 0. 1/ 0. 1/ 0. 1/ 0. 13/25.85 7/20.80
L6501 1/ 0y N/ 0e N/ Ou- /.00 .. 1/ 0a.]18/30.,85.12/25,80.
700 1/ 0, 1/ 0e 1/ 0. 6/20.75 1/ 0. 8/25.,60 7/20.80
750 1 174 04 .17 0a__ 14 0s  6/20475_4/20.65..7/20,80]..7/20.80.
800 1/ 0. 1/ 0. 1/ 0. 5/20.70 9/25.65 13/25.85| 6/20.75
-850 1 1/ 0u 1/ Qe 1/ Oe_ 10/25.,20.94/30.65.17/30.80]11/25.25_
900 1/ 0. 17 0. 1/ 0. 10/25.70 14/30,65 17/30,80]11/25.75
L9504 1/ 0y 1/ Qs 37 0. 15/30470_18/30,85 21/35,75] 6/20,75.
1000 1/ 0, 1/ 0. 20/35.70 20/35.70 1/ 0. 17/30,80{11/25.75
1050 f 1/ Qe 1/ 0. 1/ O, 20/35.70_18/30,85.12/25.801.20/35.20.
1100 17/ 0, 17 0. 18/30,85 18/30.85 1/ 0O, 12/25.80}15/30.70
1150 __1.L.O. _'LL.O-v._‘I 8/30.85 _18/30485_22/35.80_17/30.80}20/35.70.
1200 17 0. 1/ 0, 17 0. 18/30,85 1/ 0. 12/25.80120/35.70
1220 1,,]. ILQ w1/ Q. 18/30485__1/ 0. 21/35.25 20£35.20]
1300 ‘Il 0. 1/ Os 17 0, 18/30,85 22/35.80 21/35.75 20/35.,70
1350 ] .__E_I,L_O_..,‘__ 14 0a___17/30480_22/35.80_21/35.75_20/35.20]
1400 I]ZI*"'* 327 +x*w% 22/35,80 17/30,80 22/35.80 21/35,75 10/25.70
_LB,S,OJUZI_'L!LL_SZJ_"_?;‘_'_&_?.ZLIS_.B_Q_ZZL3S .80_22/35.80) 12/25.80 10/25.70}
1500 '32/"“' 32/wswwel 22/35,80 22/35.80 22/35.80 25/40,75 10/25,.70
1550 432&'_"_'_32L'_.’*_'4_13L25;85..22[35-80 17/30.80_21/35.75.1.0/25.20]
1600 [(32/xnewe 32/%awnd) 13/25,85 22/35.80 21/35.75 21/35,75 10/25.70

FEAES#HE Top height 20.0m, #ki Stand age 47 yrs.

RV 0.60 0.70 0.80 0.90 1.00 1.10 1.20
RHO e ————— ————— e
350 17 04 17 0. 1/ 0, 17 0. 1/ 0¢ 32/ kkkhk 32 /wknnn
400 L 4/ 0w . 1/ De__ 170, I T — 1/ Qe |32/ 4wkut J2/whuwsk
450 9/25.65 1/ 0. 1/ 0, 17 0. 1/ 0. T2/ hkanr F2[awnsn
..500 |} 6/20,75__ 1/ 0e___ 1/ Oe.___ 1/ 0O 1/ 0. 32/ kuwuh IO/ ubitw .
550 {16/30.75 1/ 0. A/ 0, 1/ 0. 1/ 0. 272055 |32/ 2xnte
600 120/35,70 10/25420.._5/20,70__5/20470._1/ _0¢__ .. 2/20455 32/ %0%s*
650 |20/35.70 20/35.70 10/25,70 1/ O, 17 0. 17/30,80 [32/wewes
200 } 1/ 0e 0 1/ 0. 15/30,70  5/20.70 1/ 0. 17/30.80§32/%ewxs
750 1/ 0. 1/ 0. 20/35,70 20/35.70 1/ 0. 17/30,80 |32 /weansw
800 | 1/4:0e 1/ 0a_ 20/35.70 1473065 14/30.65 17/30.80 19/30.900
850 1/ 0. 17 0. 18/30,85 9/25.65 1/ O, 17/30,80 6/20.75
900 1 1/ 0¢__13/25485.18/30,85__9/25+65.13/25.85_12/25.80__6/20.25
950 1/ 0, 17/30.80 17/30,80 14/30445 1/ 0. 12/25.80 6/20,75
1000 | 17 0. . 21/35475 21735475 14/30.65.22/35.80_12/25.80_20/35.20
1050 1/ 0. 21735475 13/25,85. 14730465 22/35,80 21/35.75 20/35.70
1100 | 17 0o 21/35475 13/25.85 22/35,80 17/30.80 21/35.75 20/35.70]
1150 1/ 0. 17 Q. 17/30,80 22/35480 21/35475 21/35.75 10/25.70
daon. ‘L[,_Q._,_.r‘l/ Qo .22/35480_22/35+80_21435,75_21£35.75..14/30.65
1250 2/wwxxw 17/30,80 22/35,80 22/35,80 17/30.80 16/30,75 14/30,65
1300 [82/eawnk o 7/20,80 21/35.75 17/30480 17/30.80_20/35.70 14/30.65
1350 (2 ffuinfulel 32/'*""21135 75 21735475 21/35,75 20/35.70 14/30.65

LREAFEE Top height 21.9m, #ih Stand age 54yrs.

Fig. 5. 2% (Continued)

() % LHEABEEYHEFOUYTY 424
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FREBHREROBO LEAZELTIMRKE 5, LEATFSHES18m TIiL, AEOS 0.90XK
HoZNEATHHRIEENEN, SOICEEARTEOMESN20, 22m etz &, O, K
DI AKREDE M RBICOER LTS 5, £9 LT, No. 2~No. 5, No. 8, No. 9, No. 4 BL U
No. 16 EOTRBMIROFER, HEHMOKDLDICIL - T, IARBENEARAKDDITNE A THAN
WRIEN G XY T, TOMIZITEALHEHRDOIEETE 5,

bl 60 4F & TICBBRIBICEE T & WM MREBOEAIR, Fig. 5 KERTRLTH 5,

FANEROKHE, BOBN» SEHROETRICEREENENRECETH S, Chid, FEMM
RCHEHHOKD DICEHRDOELRICH T 2B RIEELRERSE ST B, THDE, BHRH
KEZELIDOTES, REMTERT 2FANMEROEZLS TR, NELK, MAE, MR, Dr/Di
T EDHMEER S R EEPTNL R TERNC LERLTO B, HHRTKETLE, KW
DIRBHEMB ER®D 0.9 2L i’z 0, —FHRSNERRHL 20D, EOMMRFEERE LT LRI
7I RSB DTH B,

i, LUBATRIAKNMRBETTETS, BEAPOO LR BB TR TSR3 L
5%, COMADHAEEHT, MANMREMENICETTEEVNPBREDRES Fig. 5 ICAKT
BATHR Uico €DXDEMIIE, RENEROESHCRED b, TRRBKBRREFTTERELT, F
FARNRERSRRE CENTEIRTABICHER LB BRERD 5,

3. BEEXETE & IRHTH

Fig. 4 73 Fig. 5 OHRIBHICHEI & &, BLAOTPRBICH LT, EOLIUHSLEE L INHE
PR TELETHAIM. Chid Fig. 2 © step 13 LB TRD SN B NHRICE - THMA T BT
5, TR, FTHEFERL, RCHO L O2ODHMAMKMRED & HRE T 2 Bl RETEOINH#EZ K
HT, RENHEEREFIANBROBEEBAEL LI TR T 3,

(1) REMRRTO A IRAE*

HArfEE 14, bhS 26 47, IOREEL O, ha A DAY 1, 700 ROMMCEBNRAER T 5 86%%
x5,

LEAYEESE Hr, HAEHE S Skt ¢ L&, b Py oiifuibiihg

Hp=h(D) + (S—h(30)) () [hs(30)  wovvevemeereisrinieneannn, (9)
hi(£)=36.73—39.5879(0.9853)t e 10)
log hs(?) =0.7293—2. 8155(0. 8767)¢ e an

»o, ZOMAOEED LEATOMEL12.23m THS, Thnd, WEHEHRRNIC X3 ERMH
i3, ha{il O R¥E P ELT,

V z= (0. 23177 H 7~1-667816 1 28839, 5 F ;~3-897838  p)~1

=174.4m83 e, (12)

L5, Ve BRSEBEEERYY © LT EEAFSEES 12.2m, A 1L 70 KicHET2HEE LTS
Koo b, ERBIZINIZALAKE Ry 2RUT,

V=Vgx Ry=174,4 m}
L3 %o £, MOBRBREER
* HER L HERFRICONTE, R 3 I-7 2R




P ET Y ATHOBRBMREHEICET 2 5% (D) — 65 —

HF =0.1314+40, 4595 Hr+0, 4541 Ry
ik 6.1914 "Ci%o Lic-T, M’ﬁ%mi’;}ﬁﬁﬁ,

Dy=200V (- HF-P) e 13)
Zk-T14.52cm EEHEINB, %,
D=0.13+0.9841 Dy—0.5125/Ry  «eoemreeresininenn a4

k- CTHENEEBICEET A L 13.9cm T 3, FEEER, LEATERE, ARBXUCIAE
»5,
Hy=—0.84+1.0341 Hp—0. 3578 Hpv/ P /(100 Ry)
=10.0m e 15)
LiEESING,
(2) M & K
TABLO, A¥ 1,700 KDL &DBMIEHEEEL, Fig 4 5, REMKRE20%, Dr/D K 55%
OTREMKTH %,
MR IR BRIMRE Pry & Dr/D Hdp 5,
log Pry=0.021340. 9422 log Prx+2.6329(Dr/ D)
18209 s (16)
ThhL, Pr=48%Ths, LT, MK
3 Pr=1,700X Prpy=340 X /ha
M V=174, AXPry=8.34m?
EHEER Dr=13.9%X(Dr/D)=7.6 cm
%7, FEMABERRICIY,
log Prg=0.0267+1.0252 log Prx+0. 5230 log(Dr/D)
——0.8257 e an
& LT, Pry=0.1494 %3k,
Hyr=Prg-Hy|/Pry=7.5m
A
(3) B & K
BEAR, LoRREH-T,
KB Pr—1,700—340—1, 360 &
B Va=174 4—8.3=166.1m?
Ff, EHEEZLSFEAETRENSN,

DR=_D_‘_P_1.'LDL=15. 5CM seereeeressressiecisesinaieenes 19)
1—-Pory
HMR=£.PT_H)_'H_M=1O. GBI ereereeereereerieeieeneanen. (20)
1-Pry

£ B0 MAREICOVTR, ADATERERICHT 2Bttt Ve=159. 9m® 2Rp, Third,
Ry=166.1/159, 9=1.039
D& IEEIN G,
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(4) WaoikeE

MR EEATSOMES 2m BET 2 CLIETTE0T, KYEOLEATLMEIR Um TH5, €
DL EDIARER, (B)RICETRKDE Ry #RA LT Ryy=1.077 £755, 7L, ZOMEIR5HEMD
ETHZH D5, PHERNES L XCEBESBETHS. CHZROI ST 5,

WREHH S ERBOL 31, TAED 5 FHORCBOTAPEOEICML 5, Fio n>5 DL &
i, (RTUEZERZT FRARDEL, REROSERBOFERICOVT, n<E &L AL HFO%E
ER

WEDEE, =4 THEDD,

Ryy=1.039+(1.077~1. 039)><—é—=1. 069

Li1B,

AFOER, FHEDL SRKSIEFEENO BRI 2 GEBHLTHAL 2, T, 0B
A1, 341 A TH B,

DlLEDRERS 5, A 1,3504, WAEL1ELT, Fig 4 o FEATORE 14m o 15452 01
&, 2EEOMRTOARKMEMRE 20%, Dr/D i, 55% O TERRASIERI TN 5, :

LOHEMBIIFHEEZZEDELT, KK Fig. 6 DINMEEMNERT 5, 3%, Fig.6 icid, ik

%k OPTIMUM THINNING SCHEDULE #w##

AGE RT HM oM BT/DA RHO PTN voL PTV RV SVALL VMAT RY
26 WHOLE 12.2 10,0 13,9 1700, 174.4 1.000 17444 6.7 0.71
REMOV 745 746 5540 340, 20¢0 8.3 4.8
RESIO 10.6 15,5 1360, 16641 1.039 0.66
30 WwHOLE 14.0 11.9 17.2 1341, 23544 1.069 243,7 8.1 0.73
REMOV 8.9 9.4 55.0 268, 20.0 11.2 6.8
RESID 12.7 19.1 1073, 224,1 1.109 0.68
35 WHOLE 16.0 14,0 21,0 1057« 3115 1.129 331.1 9.5 0.74
REMOV 10.5 11,6 55.0 211, 20.0 1449 4eB
RESID 169 23.4 846, 296.7 1.170 0.69
40  WHOLE 1727 15.9 2449 837, 380.7 1171 415.1 10.4 0.74
41  WHOLE 18.1 16.3 25,3 835, 397.4 1.172 431.9 10.5 0.75
REMOV 14,8 20,2 B80.0 167, .20.0 50.9 12.8
RESID 16,6 26.5 668, 346.5 1.111 0.68
45 WHOLE 19.4 17,6 28,1 663, 413.1 1e127 498.5 11.1 0.72
47 WHOLE 20,0 18.2 28.8 661, 44644 1134 531.8 11.3 0.73
REMOV 17.2 24,5 B85.0 198. 30.0 98,3 22,0
RESIOD 18.6 30.7 462, 34841 1.021 0.62
50 WHOLE 20.8 19,2 31,9 461, 396.3 1.046 580.0 11.6 0.64
54 WHOLE 2149 20,3 33.7 459, 461,6 1,076 645.3 11.9 0.68
S5 WHOLE 22,2 20.5 34,1 458. 477.4 1.081 661+3 12,0 0.68
60 WHOLE 23,5 21.8 36,1 456, 558,1 1.109 741.8 12.4 0.71
REMOV 21.8 3641 100.0 456. 100.0 558.1 100,0

*k+ OPTe FELLs AGE = 54 »ew

Fig. 6. R BMAEHEIXY T 2 XETH
An example of yield forecasting based on the optimal thinning schedule,

HATTEER 14, MBS 264, A¥ 1,700, MRELOHOHURBT 284
Initial stand condition : Age 26 yrs., number of stems per ha 1700,
relative volume 1.0,



FFey ALHKOBBRERHEICET 2R (HiD

600 I
\ [ t Site index 12
RN
L
©
B
€
i |
2 ‘I\ L-- Ry=0.7
= - Ry=0.6
(=]
>
T
£ 100
g 400 600 800 1000 2000 400 600 800 1000 2000
X ¥ Number of stems per ha
% 600 T
-
pa ™ \ "\, | Site index 16
< ~ B
" e ’ Fig. 7. B@RMREED & & TORMHI DMK
HEOHRE
N, Progress of stand volume resulted
N Rv=08 from the optimal thinning schedules
- RYy=U. . . .
N for different site indeces.
200 S {RE IR Non-commercial thinning
- Ry O¥1#5MHE Initial value of Ry 1.0
T Ry=07 Ry : INE % Yield index which shows the
\ velative measure of stand density.
=061 N e F1HAAR Initial number of stems per ha 1,200
— - Initial number of stems per hal, 700
100 53000 2000 N Initial number of stems per ha 2,200
- 400 600 80 -e— » Initial number of stems per ha 2,700
* B Number of stems per ha
Table 2. FIHARK &EBROMSMREOBFR (REHIIE)
Relation between initial density and final stand condion resulted.
from the optimal thinning schedule (Non-commercial thinning)
YABEOHHfE Starting relative volume 1.0
setirtes | A | SRR B # # 4 Final stand
Site Initial felling SEHEZE & Ed 7 & 3R E IXERE
index No. of age Ave. d.b.h, No. of Volume Relative Yield
stems (yrs.) (cm) stems (m3) volume index
1, 200 60 34,2 469 472 1. 19 0. 68
12 1,700 60 34,1 435 434 1,14 0. 69
2, 200 60 34.5 452 463 1,18 0, 67
2,700 60 31.9 551 482 1. 14 0,72
1, 200 54 35,1 468 510 1,18 0.70
14 1,700 54 33.7 459 462 1,08 0, 68
2, 200 54 35. 4 451 500 1,17 0, 69
2,700 60 36,0 465 568 1,12 0,72
1, 200 46 35,0 467 507 1.18 0.70
16 1,700 46 35. 2 462 508 1,19 0,70
2,200 46 34.1 485 500 1,15 0,70
2,700 46 34,7 478 509 1,17 0.70
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600
00=2200

3]
=g
= ;
€ e
100 e
2 400 600 800 1000 400 600 800 1000 2000
3
E x ¥ Number of stems per ha
T
8
n
g 600
=
% £,=2700

400

200

100

400 600 800 1000 400 600 800 1000 2000

X ¥ Number of stems per ha
Fig. 8. T~ O¥FBHARED & 53 2 B@EMREH

Progress of stand volume resulted from the optimal thinning.
schedules for different intitial stand condition
{REIRI4% Non-commercial thinning, HifzE# Site index 12
Ry ¥ Initial relative volume 1.1
~«-Ry ” Initial relative volume 0.9
------ Ry ” Initial relative volume 0.7

S4LETCHEBRPICE LD L, 0FTTEFIELBEOBMEIRLTH S,

(5) RBEWHROEE

HATHER 12, 14 LU 16 20T, EBAEEME 12m » okhF 5 BoBnaRE O PR fRK
U, ha %7z h A¥ E MM BEOMBEZRT L Fig. 7~10 DL ST 5,

Fig. 7 i3 o@EmAZ it L 40T, MIHONAEE L.0OKKZEAL, F#Z LN EN 1,200, 1,700,
2,200 BXU 2,700 A SIS HIBATD 5,

WO DEEEEIT, 2L UTREHEE 0.7 O/KEBITIR S ® 25 X 5 ICEITL, MIHARDOEDICEK
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600

pe=1200 [} po=2200

©

o

-

E

g 400 600 800 1000 400 600 800 1000 2000
=]

©

> & M Number of stems per ha

2

]

w

5 600

& £=2700
k-

400

200

100

400 600 800 1000 400 600 800 1000 2000
X ¥ Number of stems per ha
Fig. 9. 14 OBk ED & IR FT 2 BaliiRETH

Progress of stand volume resulted from the optimal thinning
schedules for different intitial stand condition,
REMIRI{Z Non-commercial thinning, Hifirfsfk Site index 14

20312 Fig. 8 [E L Instructions are same as Fig. 8
> TH%) 0.6~0.8 OIS - 7o NEHEDH, BRIICIT 0.65~0.70 LKV RHRKE S N TW
3, .

AIEFcai~ Aok DI, HATHEE 12 T3 60 £ X DETIC HRAMERI N B T L3700, Mgk 14T
1 PHARCL, 200, 1,700, 2,200 4 /ha D& &iT bl b4 ETHERIEEEL L 5. ZOBED HoREBIE
Table 2 IR & 51, ha Y DAY 450~470 K, HAFHEER 34~35cm TH5, *7-Hibrds
12T, PIOORMEN ha B/:0 2,200 KLIFO & &, Wil 60 - TAM 440~470 K, FigEEid 34
cm DKEITET 5, L, 2,700 K55 M 250 IIIHE 60 £ THVHEEII32cm TH 3,

BRI, MHOOILAEE 0.7, 0.9, L.1E LT, #ir s HABAICRK EMBEOEERT L, Fig.
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£.=2200

ponemmel U

\ | Ry=0.7
200 N
-~
| N
© e B
= | Ry=0.6
£ —I’
100 =
® -
£ 400 600 800 1000 400 600 800 1000 2000
°
>
o x ¥ Number of stems per ha
n
=
% 600
po=2700
® o

400

200

100

400 600 800 1000 400 600 800" 1000 2000

A #  Number of stems per ha
Fig. 10. Fi %« OFRHSHRIED b ih 79 5 BRIREE

Progress of stand volume resulted from the optimal thinning
schedules for different intitial stand condition,
{RE T2 Non-commercial thinning, Hif7ig#{ Site index 16

2iMiz Fig. 8 LA Instructions are same as Fig. 8
8~Fig. 10 DX 5L 5,

CDEEICDH, BIICTEEESTONION LB LTS, FU EA ha XD 1,200, 1,700
RILE, HBAECTHEE TRAMCERERESN T 2EHEICES 5N 5, EEATIEEL12m
EWVS D, HAVHBILTHLELTHD, 20& & 0oREEER, REBHODE { THL/MERD
HIBICTEAZHLICARAEREL, KIO—REEED TEL 2 ENE0ROBEICERICESE C
EERLTNS,

Fig. 8~Fig. 10 i£BTH, THRECENICL»D 5T, KOGOBEETEMRNELE 0.7 £
ELBDRRBREE T3, 12K L, HUBSRIFCUHAENEN L &I, OHOURENENZE
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Table 3. FAR, IAEEBERIRBORFE REHMR
Relation between initial and final stand condition resulted from
the optimal thinning schedules (Non-commercial thinning),

SR 11013 At eomlition i’%ﬁﬁ % #& # % Final stand
Site | A ¥ | i K E |felling FHEE (A K|S R KE|REEREK
index No. of Relative age | Ave. d.bh.| No. of | Volume | Relative | Yield

stems volume (yrs.) (cm)| stems (m3%)| volume index

1, 200 0.7 60 30, 6 581 468 1,08 0.72

0,9 60 34, 2 439 440 1,14 0, 66

1.1 60 34,2 439 442 1.14 0, 66

1,700 0,7 60 31,0 568 468 1.09 0.72

0.9 60 33.8 461 453 1,15 0. 67

12 1,1 60 32.8 502 465 1,14 0, 69
2, 200 0.7 60 31.8 512 444 1,08 0, 69

0.9 €0 33.1 489 460 1.14 0, 69

1.1 60 33,9 453 447 1,14 0. 67

2,700 0.7 60 30, 4 586 464 1,07 0,72

0.9 60 31,2 554 463 1.09 0.71

1.1 60 3L 9 517 451 1,09 0. 69

1, 200 0.7 60 36, 3 463 576 1,14 0,72

0.9 54 34, 4 469 493 1,14 0. 69

1,1 54 34,6 467 496 1,15 0, 69

1,700 0.7 60 35.7 487 585 1.14 0,73

0,9 54 33.8 491 498 1.13 0,70

14 1,1 54 34,4 468 492 1,14 0. 69
2, 200 0.7 60 36. 1 468 576 1,13 0.72

0.9 60 35,7 452 543 1,08 0,71

1.1 60 36,0 477 584 1,14 0,73

2,700 0.7 60 32,3 613 605 1,09 0,78

0.9 60 36. 4 464 581 1.15 0,73

1,1 54 33.3 545 535 1. 17 0,74

1, 200 0,7 53 36,7 461 594 1,12 0.73

0,9 46 34.3 469 488 1,138 0. 69

1,1 46 34,6 466 493 1,15 0. 69

1,700 0.7 53 32.7 614 630 1,08 0,79

0.9 46 34,1 490 503 1,15 0,71

16 1.1 46 33.8 499 506 1,14 0.71
2,200 0.7 53 32,3 627 628 1,07 0,79

0,9 46 34,7 485 518 1,19 0,71

1.1 46 34,0 485 496 1. 13 0,70

2,700 0,7 53 33.0 591 619 1.08 0,78

0.9 60 36. 8 503 699 1,09 0.78

1.1 46 34,1 477 491 1.13 0,70
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Fig. 11. fi~ QAT RED, b ST 2 BRREHE
Progress of stand volume resulted from the optimal thinning
schedules for different initial stand condition.

FIARIRI{R Commercial thinning, Hifiris# Site index 12

#M8i3 Fig. 8 LWL Instructions are same as Fig. &.
BB ORERRITI D » TEENED SN EHAND 5,

INSORIRAGNB LS, MBAOCILKEN BIIE, TPEAESSE L CHEBRE, Lidis
T, REBHOKD D OMSREBIZPIZ D OERMET S (Tabled), 2DEBO—I, MMM
SELERCEENIBERE b ONAREY, HREADEIUENBA TGRS LoBNET, THaLwA
BREBCHERTE W n L Bbh 2,

Thiclina &, IABESEETHNE, Fig. 7 IRINILIK, BOEBBREOKIEEOSE

BB LOMPRE~OFH DL IC 5720, REIB LUCRYIOHSMRIEIC X b A % BB 203
DEELDIARETH 5,
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Fig. 12, &4 OFIFRMRED O R T 2 BBHRETE

Progress of stand volume resulted from the optimal thinning
schedules for different intitial stand condition,
TR Commercial thinning, Hifris¥; Site index 14

218813 Fig. 8 X[ Instructions are same as Fig. 8.

(6) FHRAWHROES

FIRBERIC B 2 MoMREEDOHER %, Fig. 11~Fig. 13 IR, RNREIS 2HRFEERATI
», BOOEAMMIIT N TEBRMETR SN S, COLHROETEMMADEL LMD, HEHBNICE
BREIGESG 20088 L85, COERT, UPONKEMESEAENRENZEFLOODT, IR
D&V IC & ZEERAMOKD D OMAREOZRREWHIROBEL D A& A5,

%7z, FRIREAE B0 5R A BEEREBICEE LIRS0 T, RENERD
LEXDBED, FRARESEBVIERFENL NS,

HEMMAK 3 MOENRETTE S & 20, SREBREMBRIRIT 5 X3 BB TOh, &
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Fig. 13. &4 0¥ RS SHRT 5 RBHMREE

Progress of stand volume resulted from the optimal thinning
schedules for different intitial stand condition,
FIFIMIR X Commercial thinning, 3fig# Site index 16

20713 Fig. 8 LR Instructions are same as Fig. 8.
HEIE 1 ERMRTOEERAKE LTREBIBET LT #lZE, MIDOILAREMN1L10E &, Hfrfs
312 T ha %7 D 1,200 A S HFET HHE&CE, REERBIIZZ0.75 40 5 0.65 i, HifriEi 14 T4
AR 2,200 A /ha DFAIZ 0.9 IENED S 0.8 ~EEMR LTS,
—%, BEMNIEZFRZELIETTERNE 2R, 1HOHRBIHIRKE 2D, BRIDIE
WEEICEAE BN ANEREEEDICHRST 2 ERICIL S,
DDA ha H7c b 2,200 KPLEicis 5L, 2,200 K TIAKE L1 b OHRET HA0EME, &
OHIICBENT S, FHERMOTRTRRANERSBET SR N5, FAMMRONER, RENBR
EDIDEHINRA—ZBIROBNDIDIE, ELLETT S,
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4 #H#F &

FEHEFEIICIES & & OB ORIESE GHRRED 1, RBIHEOTTHE & AMRE C&ic
filPy) ELTHREINTN S, COED G, ROOTRREOERNICK > TIEHED L S KENT S
DEBRELTAL D,

EHEARA 60 ETH B D, P 60 EDRIEORIMIZERXET, chid Fig. U LkSiciksd, &
HORLE b ERIISEIAEOBT & & bICAKICHOT 5. PIAR, HEIEH 16 TE, TABO0.60E &
DOBEARIR AR 1.2 DREAREOK 37% Th b, WAHEK 12 TH, ChiZI 5K 26% KETT 5,

KAEELoBRBRTE, LONRELODVTHRBNRERICBIAMIARMOI S LBBH oD, K
B3 A SIS HR L, —RICHIN B { YAESROBSIIRGRASERESY, FEOPIH
BICOREDEFAEL T3, THUL, HAFEHEESTTIC m8 Sz D HEERAICT 5AE S i
ELTWT, ZEERBL IS TEEREZ TN ERECLTS, ERHT 2H 51D, Hic ha
e DIROBIIC L BREDH MR E L BIDTH B,

—7, HIALE ITAREMELILS &, ABICHT 2EHBRRREMLT, AEOZWHTONRDET
BREV, COBAR, AYPMWiCk->Tha B OMBEREBENT 2500, URESENHAICE~TH
INTEHERRE SINE (LB, HEOET, SEENAEKNEC L 2BEEMTATER
Vo T UEHT, FRREREAICE 2 ARMAREMES L2 IR > TERODITORicBEIT 5,

VI EoRZkic BT 2 B8R RER, BASHD? TRDoNZEEERKE (Optimum stocking
level) YT 5, 72720, £OLSHMRBENOTHHEBEHRAED BEAICILE ERBSITN,
HE - CHTREMART, FRNBZEZBERCTIRBICHOICHEMPEABIPHDBES & &3, E
RIBFRPRELTHLOERELPT O EELBELF PSR E UTHARZ 20O TH S, TBREEE
ERATS, THRIFTERVLEVSIEE LD 2, BWHELEORELIETE, 2no0E4%248D
T, RAORRICTIE L1 BBOBERE L EN~OHROEEEFEOBROZ > DREFICThNL S,

HEHEAOW L 2hOEBREBICOVT, HMAEY 14 ORENROBHNSHBERT &, Fig
15 @B oh s,

LEAESHEL 12 m OBRMBTIR, YAREOEOKS T EHARRIEAE 0N, IKEHMH0.9L EiT
3L, ZOEROLTNLTH 2, KROBLDILZPNBOE NS, ZOBAOIARETE, £2FLVS
DOTRIEV, T8bb, EFELVAEL ORI OMMNEG, RERRIEICHESBYARERZL, K
BES LURIEEORBIDITNEVL S,

LipL, SLREHO.8LITICLS &, AR AEOETE L bBAL, BicsLAE 0.6 Tit,
ha Y7 DAEA1,700~1,800 K%BZ 2B DL SOEESELL,

EESED L, MAEOENICK 2 HFARBOBENMRFICKRE D, SEAMOMIDDEDIE -
fe LD ABEORIC SIS EREND K5I8 5, $7, B, BAEHRIOIEEOET &4 KA
P Y, BELRBEHNEE-TL 3, 2hiR, IKREQBEOHS, & UIIZABETHKITE, &
13213 ERBRE~OFHENEL 2D, BRAOBMBASZ VR BEKEON D FTYBSKECR ST
ERBEHRLTDDE, ZDOLITWHKS TR, RIBCEREBRD TAIREEED S L L b, ARERELHE
EICE SO UBEEENRETH S, K, ABICHT 2R NEHRBERIEREEL ISl
3013, EBAYAREEN21m D ERE - TH 5T, ThIREFEROEATH 215, AROBE
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Final cut revenue for different stand condition.
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Net present value of future revenue expected from the optimal
thinning schedules for different initial stand condition.
BRI Non-commercial thinning, Hifris®# Site index 14
A EBAYEARME Top height 12.2m, i Age 26 yrs.
B: ” Top height 16.0m, ~ Age 357yrs,
C: ” Top height 20.0m, ~» Age 47yrs.

HERLZVOEES 5 T3,

UED#ERE, Table4 DXHICELDHONE, TNRIWAET L ORISHBMOFAME AR 120
BEORKED 10 3RTRL, S 5ICHFNENC OIZFHMOBAED 95% Bl bic 105 RKORE

ZARLIEHDOTH D, AWAEL2OBERHEINLHBATEERTRLTS 3,

TNiRK B &, BIAIZHMAER 12 © 41 445 (EBATS/E 15.9m) ©, STREMN08DE &,
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Fig. 15, 2-3% (Continued)

FENEMRONEDBIESEHL, BATOIAEL2DE 5D 82%, 2,910 TMH/ha TH O, ha ¥
A% 650~1, 850 ADFFOMLTTIZ, 275 & DT DMED 95%, 2,765 TH/ha L Lo RAD 3
TEdbdrd,

FIR RO IS B I3, HATIEHR 14 2Fict 5 & Fig. 16 0L S5, &2 TERRBIFHAMNK
SORERITEES5DT, Fig. 14 REFHBMR, FIRANERICEETH 5,

FIAREMRCEN TR, BEALOHAKE 1 BRSBEVESNGN, BE LOAMHRE~DEIIE
N3, X5i, HEMKAREERECGE LE20BRBOER SAENMRE DT 0, BHTHER
WAOEBRMRRT GNiZ{il3, T3 LIEAT, FANEROPHRRSIRFNARIDELIETT
%o |

Table5 i3, FIAMBRICOVT, IAREFOMRREOFRAME 2D 95% Ll ED REE Ridd 5K
BEREERLIcbOTH S, 1L, PR, RENEROILAE L 2T 5 10054FRICE > T
%o chick? &, RENMREIFAANMROREZR, HEHAMOMDTREIARE, EFOHTE L
HICFEA LT, M 60 ETIRENEE D, Chid, HEHROKRD VIGE SR EMRO REHEIK
RIE3DT, A—ORSRBICONWTREENSHRGTESREUL T 22 &, TRETOHMOERMICK
> TRIEZHEERB LI E SO BEFRE~NDFEBDIINT L LKL B,

HREAOKMREL OBFETE, BUSFRTIARESMESRAKROSOHSEE, REHHEK LS DI
EBRED, FIZIE, AKELZOLEOREANRR, FOBATHRBOMBMREED DML, IRE
1LOFTOMROTMEDOEZRILTHLTH S,

Lir L, MOKREROTETICES L, RBNMREOIEORERE ULIKT 3. BiICRBEWEIERT
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Table 4. JHHFNRORAMEE KKRED 95% LI EOIREHRAD B
REO®M REFIMEZ
Relation between maximum net present value of future revenue
and initial relative volume of stands, and the range of stand
density leading to 95% value and over of the maximum under
the optimum thinning schedules. (Non-commercial thinning)
HifT#E#  Site index 12
iy Stand age 30 41 55 60
T
NI R
Top height  (m) 12,0 15.9 19,9 21,2
L 2 |A 1,000yen/ha 2,420 3, 550 5, 490 6, 220
) C No./ha 1, 050~3, 000 700~1, 700 550~1, 250 450~ 950
1.1 B % 100 98 93 87
“E’ ) C No./ha 1, 050~2, 300 750~1, 350 500~ 950 500~ 700
o]
3 1o |B % 99 94 86 76
: lC No./ha | 1,050~2, 700 650~1, 450 600~ 900 450~ 750
>
= 109 |B % 99 89 73 63
< 7 |C No./ha | 1,050~2, 500 650~1, 600 450~1, 050 400~ 650
2 !
os |B % 94 82 60 50
EE e Nojha | 1,050~2,700 650~1, 850 400~ 950 350~ 500
H|,, B % 89 70 47 36
. C No./ha 1, 150~3, 050 650~-1, 700 450~ 750 350~ 600
0.6 B % 81 57 36 26
2 C NoJha | 1,150~1, 800 650~1, 450 450~ 600 400~ 450
HifT#E%  Site inedx 14
F7S ) Stand age 5
<] 35 41 47 60
TR
R r%
Top height (m) 12,2 16.0 18,1 20.0 23.5
| 2|A1, 000 yen/hal 2,940 4,010 4,894 5, 900 8, 460
““lc No./ha| 1,050~3,100 | 650~2,300 | 600~1,700 | 550~1,500 | 500~ 950
11 B % 100 98 96 93 87
“E’ T IC No./ha| 1, 050~2, 350 700~1, 550 600~1, 400 550~1, 350 450~1, 000
El
i) 1.0 B % 99 95 92 88 77
: -YIc No./ha| 1,050~2,500 | 650~1,700 | 550~1,450 | 550~1,550 | 450~ 900
@ )
2 10 4|B % 97 91 86 81 68
= | 7IC No./ha| 1, 050~2,850 | 650~1,850 | 550~1,700 | 500~1,450 | 450~ 650
M ‘
0.8 B %, 95 86 . 80 72 56
g% -ClC No./ha| 1,050~2,900 |  650~2, Of 500~1,850 | 450~1,550 | 350~ 650
+ 0.7 B % 91 79 70 63 44
TIC No./ha| 1, 100~2, 700 650~2, 350 500~1, 850 450~1, 150 350~ 550
0.6 B % 85 69 61 S1 33
T lC No./ha| 1, 050~2, 100 650~1, 200 550~ 950 450~ 900 300~ 500
A KB E DRI ORAME Maximum net present value for given stand ages.
B AICXY BHTE LIcHMREC & O RIRB DR AM

Maximum net present value of future revenue expressed in a ratio to the A values
C : AT 72 BOD 95% Ll L ORZE MR T & 2 AR

The range of stand density in which the net present value of 95% and over of A or B value is

attainable.
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Table 4, 53 % (Continued)
Hif$E%  Site index 16

#3288 %

#is  Stand age 22 30 40 53 60
T
LY FA IE]
Top height  (m) 11.8 16.0 19,9 23.9 25,7
| 2|A1,000 yen/ha 3, 550 4, 670 6, 430 9, 320 10, 780
: No./ha| 1, 050~3, 150 650~2, 300 550~1, 500 550~-1, 000 550~1, 000
L1/B % 99 98 93 88 89
glc No./ha| 1,050~2,450 | 700~1,350 [ 500~1,400 [ 500~1,150 | 500~ 950
3
S 110/B % 99 95 88 82 78
: 7|IC No./ha| 1, 050~2, 350 750~1, 850 550~1, 600 500~1, 100 480~ 850
>
S 15.9|B % 97 90 82 72 68
< | 7lC Noj/ha| 1,150~2,450 | 650~2,150 | 500~1,600 | 500~1,100 | 450~ 750
~
0.s|B % 94 86 76 63 57
% e NoJhal 1,050~3,150 | 650~2,350 | 550~1,600 | 450~1,000| 350~ 700
H 0.7 B % 89 80 67 53 48
C No./ha| 1, 050~2, 900 650~2, 150 500~1, 600 400~ 900 350~ 650
0.6/B % 85 72 58 43 87
*CIC No./ha| 1, 100~1, 650 750~1, 050 550~ 800 450~ 650 300~ 500
Table 5, PRI OBKME S FKRED 95% LI EDORBHBRAD S
EHoFEE FIARR)
Relation between maximum net present value of future revenue
and initial relative volume of stands, and the range of stand
denity leading to 95% value and over of the maximum,
(Commercial thinning)
Hihris%  Site index 12
i  Stand age
30 41 5 60
RS :
M
Top height (m) 12.0 15,9 19.9 21,2
1.2 |B % 100 100 100 100
) C No./ha 1, 050~1, 700 700~1, 450 550~1, 250 450~ 950
L1 B % 97 96 93 87
g : C No./ha 1, 050~1, 550 750~-1, 450 500~ 950 500~ 700
=
S |10 (B % 97 94 86 76
> : C No./ha 1, 050~1, 550 650~1, 450 600~ 850 450~ 750
]
>
33 0.9 B % 97 89 73 63
< : C No./ha 1,050~1, 550 650~1, 000 450~ 800 400~ 650
~
o8 |B % 90 82 60 50
E - lc No/ha | 1,050~1, 650 650~ 900 400~ 800 350~ 500
H o, B % 73 70 47 36
(o} No/ha | 1,050~1, 350 650~ 800 450~ 600 350~ 600
0.6 |B % 18 21 25 26
2 NoJha | 1,050~1, 150 650 400~ 550 400~ 450

B :Table 4 ® A T3 ZHTRULHASRED & OPFREORKIE
Maximum net present value of future revenue expressed in a ratio to A value in Table 4

C:B @ 9% L EoEANBHGTE 2 KA

The range of stand density in which the net present value of 95% and over of B is attainable.
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Table 5. >-3% (Continued)
HiRr$s%  Site index 14
i Sta“‘(iyfsg)e 26 35 47 60
LTEARFEEES
Top height " (m) 12,2 16,0 20,0 23.5
L2 |B % 100 100 100 100
4 c No/ha | 1,050~3, 100 650~2, 300 550~1, 500 500~ 950
L1 |B % 96 9% 94 87
2 e No/ha | 1,050~1, 650 650~1, 550 550~1, 250 450~1, 000
o]
S |,0|B % 94 95 88 77
: T No/ha | 1,050~1, 650 650~1, 450 550~1, 250 450~ 900
>
2 | 59 |B % 94 91 81 68
S -7 lC No./ha | 1,050~1, 650 650~1, 350 500~1, 050 450~ 650
I~
og IB % 89 86 72 56
% AT Nojha | 1,050~1,650 650~1, 350 450~1, 050 350~ 650
H ., B % 73 79 63 44
e NoJha | 1,050~1,700 650~1, 050 450~ 800 350~ 550
o6 |B % 20 29 40 33
- [c NoJ/ha | 1,050~1, 300 650 450~ 550 300~ 500
Hifrfesk Site index 16
7N Stand age
22 5 60
(yoes 30 40 3
LA S
Top height ™ (m) 11.8 16.0 19.9 23.9 25,7
| 2|B 100 100 100 100 100
e NoJhal 1,050~1,750 | 650~1,650 | 550~1,500 | 550~1,000 | 550~1,000
L 11B % 94 94 93 88 89
glc No./ha| 1,050~1,750 | 650~1,700 | 500~1,450 | 500~1,150 | 500~ 950
=
S 1y 0B % 90 90 88 82 78
>17C NoJha| 1,050~1,550 | 650~1, 450 | 550~1,350 | 500~1,050| 480~ 850
3
S 10 9|B % 88 89 82 72 68
=1%7Ic NoJhal 1,050~1,700 |  650~1,450 | 500~1,350 | 500~1,100 | 450~ 750
P~
0.8/B % 84 86 76 63 57
E -°1C No/hal 1,050~1,600 | 650~1,450 | 550~1,150 | 450~1,000 | 350~ 700
Hi,.|B % 65 65 67 53 48
e No./hal 1,050~1,300 | 650~~1,300 | 500~1,200| 400~ 800 | 850~ 650
0.6B % 21 38 46 42 37
-elc No./ha| 1,050~1, 300 650 450~ 600 | 350~ 500 | 300~ 500




Net present value of future revenue
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3 5 BRI E ORI

Net present value of future reve-
nue expected from the optimal
thinning schedules for different
initial stand condition,
FIFAKIME4R Commercial thinning,
i Site index 14

A EBEARESETE Top height 12.2m,

#EE Age 26 yrs.

B: ”
7
C: ”

”

Top height 16.0m,
Age 35yrs.
Top height 20,0 m,
Age 47 yrs.
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PRERDELETTEAHNORTEE CATCOEANEETE S, T, PRNSORAMICEN
BEBOBTVIBATS, BAED 95% Ll EONENRAD 2 AMEHSBRICN 122, FIAWE, 3L
1555 16 THE 22 F, WAL 0,6 DML, RENHRICINITILARE L 20D & &0 85%, 3,020 TH/ha
ORBEBFARINZ DI L, FFAMNERTEOT I 21%, 750 TH/ha OIS TH 5. AL D
BFRTH, BEMNMIRTIZha %70 1,650 KE TOHPT 2,670 T /ha OHRISETH 2035, FFK
RT3 1, 050~1, 300 KD HFEE TH 710 TH /ha DIRIERRAD B ITBEIIN,

ZNETOREDP S, NRERBIETILTAANBRERTTEZ0R, YREBD I (LD
1.0 PIET, ABIHEREOMP T 1,600~1,700 XL FTOMS EELOND, T, MAEM 0.7
HToL&icd, FIANBROBACLZRBOBETRSTVICIAE L, ERUROBHEMCT D
BRicbizh it

5. 4 B

(1) P F=Y ATHROBRBERKEEZRD 5 .0 OHEEME, KROLIICHEE L,

SHEGN : EEATEEES 12m i L & &5 SHE 604 % T,

WAL HIfrEER 12, 14 B KT 16,

RO OEUHM : EBAEEHES Zm BRTE 8,

MR © MR & B RESDRKMRRE Dr/D o 32 BEoMADE,

(2) MEEsfchd, RRO%Z LTIROFESITOBRXLE R » 2 RENMRE, NEHE
KB EEDHHRT 5 E0 I &HD & T ARSBELETS FIBNBREERAEIL, ThEnETR
W MorREER SR RIEsHE R 2,

(3) REWMRTR, >-MABRLESCRBEOTEBAEELTIMRIENELTH L, HKEL,
YARERE S AHOEOHRA TR, REELEO HABDITILELRD %,

(4) EBAFE#EMN16m PR3 s, IAEOHOHSTIE, Dr/D K 75% 2L Lo EREREERMS
BHETHY, MAELOLTTIR, 5lEbsTREEMRICHES OB&,

(5) LEAFEEES22mM TS &, HAIER 14 & 16 ORBBDRE  TAAREDEH KD T, &
ROBBROBREZBBENTTL 3o TOL EOMBITHIAI AL 14 T 54 4, HAiE¥ 16 T3 464£T
5%, '

(6) BHMMRIBC E S HKIO BEEER, HRAOARE IAELCX > TRTOBBIZRT D
%, BENEEKO7TICIRT2LHICED OGNS, L, MANE  LEPMOLARESFHOHDTH,
XD PPEHDINBHEMEEICL S,

(7) BERRIESHC ) & 20 NEOMMmARE, HEHHOMND T, LAREMS0ILUETHN
i, MABIEZERIBZEALENLY. LU, IRES0BUTIES L, NHNERIAEDETE L
LICAEICED L, BREAPDENUTOELLABKRE N, 2, ABOEZLRENATRETRESN
WESITH T OEBELIT,

(8) MAREDOENICLZHMFFIEOEL, EFOHTEEBITIEAL, AHIKEDL D - LHOILAK
EOMTHIROBNMNTTL 5, 2 e bic, B, BERTOIGEOETHRBICEEICLD, K
D SB I IARRBOBEREI & F - TL 5,

(9) AREicd 2 HH0SEMmRE, HEBHOKOD THNETREN SN E & BIRIKT H5



— 84 — HELABRBFRHE 3285

5, MR ESIKREMES LB ITH-T, TLHRBBELRICO>NTRELNLD, AMOBHLTMONE
DOROMEFE LT 5,

(10) FA#REERTE, F£10OMROBERKIBICENS, FANKENBENICETTE S0, LB
ARELHEI16m, IKRELOLEOKRSGTEH S,

1) FRNBRTEAINZ0R, BEALHEERRT, TERRIGEHERMO&ED D cfsimic
EINBEOTH B,

(12) YAEQCBENBEKS TR, FANBREBENICETTERVIEANTTL 5, §8bBL, &
SNEBEHET, BELoNHRFEDORI LT, MRESEEILTECEBTEY, —F, HEERZE
i, RREESEIRERL S EI1TED,

(13) FiAMETE, 21 EMRRSENFROMEMSLE {207, PHRRBZABTHEKRI DE
(185, O EBTIE, MANKRTIAREMREL, TLABEIHRSFEIEREL,

(14 BRHEERBCET I FCHANBEERETTE 201, YREBDIEES LOLET,
AEUIFHEHBOFD T ha B0 1,700 KL T OB KMZR SN 5,

m % g 5

1 HEREGEOEE

AIETRAEENHORKISICOAERT 2RENMMURE, MHMRIEDEAZEEL L THRINEDRAL
ZRD 2 FHANERO ZPOBEDVT, BRENIMRAZELAFRBORE IEHBLTER,

COLETIE, HROKEOELUIHE EBATEMEO 2m BRI EIC, THERRE 3. 5FICE
W, AEBEOFERUEMLESER L, ChoRBELOERCEIFEERTH-T, 2OLER
YREBEOABEENIE S, c O, EFNEHEREEL DT, BEOEBICH LEWsE
BEREERBTI4END 5,

TR, HAERI4Z2FICUT, HERHOENRERCEDI I ¥ BT I HhELB LT
Bo 127Xl EHOEDHFIKEE DWEEND-T, TRTERS LAEBRIITERVOT, FIEDRE
BRMREEEE LCRIMROR DR UM, EEBRBIUOHENROEFLEL S,

2. RME0#DELYROER

BOEDAMWHOMBES D L, T EFRECEROMRT, EORESPHTEIBEILBOX
SIKBEbNG, &5 LIKRETT, MREREHESHTETT DI, 2FEZ N30, HERM
ROBVE~NEHROBDELVHEHMOLERETH %, 20 ) LHHEHMMROERCDNTR, ZO0HK&EHS
BAEFANERE LTI TR L, 207%®, CC TRMROEVIEUPNE EBAFEEREOME
RETImM CLIKERLIBAEDEELSHDCLICT 5,

BOEBEUHMSRES L, —EOMEHMNICHAREETTE 2B2RIDULLE, Lth-T, B
—ORPMMREEZERT 272010, BORLHECEVEALD 1 HoMKREEE LEThiERES
BbITH5, BBRLHETIAEL TIHMREBRBRROBAL SBERINZDT, cDEB
D OBMIEERTRERSENT 20 TRIEVDY, BEHELICE>TRONAMREHES D E, BOEL
PROERICE - T, PROAYMEEL XY Dr/D LOoBOERFE~OBTHE LTS,

THbL, ERAFEEEH12.2m 0L &3, ha ¥ DAL, 900KUERIEZE, TL—BD
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MORIEEZ RN T, REAIRE 30~35%, Dr/D M 65~70% O No. 14 & No. 20 ORI EHSRR &1,
Fig. 4 OFB4& L0 S No. 2, 872 EDRRMEEURO DIERMDIE 18 B,

B UEHTRET A0, FEAFE#EHH18.1m0iEA%45 &, Fig. 4 TILAE 0.7~1.2 itb
foo TERBODIZN & ZAXENTOFWEROEER, LARE 0.7~1.0 OO T —#HBoHIIREIC
RBoNBXIICEB, 12, YAKEOT~1L2TEINTHOI No.2, 8 EDFHER, TDIEREALEEER
BREMREE /212 Dr/D A En1z No.7, 14, 17, 20D HELBEhI 5N b, S5, YAKELLE
L2 0—8icsh ot DD K 75% Ll Lo LERROEE b2 ORASIER SN 5,

C ORIRIEEHE & I LT IRETRATY, MREDE UBMAER L s 20 BEI—22RD5
&, Fig. 17 D& 3,

1 N
(I po=1200 !'\," 2o=2200

400—-1

- ————

Ry=0.8

——————

200

m?/ha

100

400 600 800 1000 400 600 800 1000 2000
x # Number of stems per ha

Stand volume

600

0.=2700

400

HAHR

200

100

400 600 800 1000 400 600 800 1000 2000
X ¥ Number of stems per ha

Fig. 17. MRV ELUHAMEZERE Ut & S 0OBEH
Lengthening of thinning intervals
EEAFEEEED Sm HET S L KR Thinning at every 3 metre growth of top height
HFE YRR Non-commercial thinning, JAT{s# Site index 14
Others are same as Fig. 8
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Table 6. HARFIREOREAME L ERED 95% LI EDRIED 9, FIEARED ha ¥ b
HA» 2 ARHORHE (REE0ELUAMEEE) 1,200 4 & 1,700 £ & i3, IV
Table 5 £ . .
Relation between maximum net present BHHD 0.7 I ERAETS
value of future revenue and initial rela- %, UL, MHOTAERLS
tive volume, the range of stand density . .
leading to 95% value and over of the BOOKES, Fig. 13 0L &0
maximum (Lengthening of thinning int- k3K %ﬁ@%ﬁﬂ(ﬁ&c WET 3
erval). Instructins are same as Table 5
Hifirfs%k Site index 14 . BEERAH SN, ha Mk K
M% Stand age 2 4 ﬁbs 2, 200 2& & 2, 700 7&? i3, %&:
(yrs.) FKERFEEOENFICED, X
%()E;ﬁl?ﬁ?% (m) 12,2 18,1 BHKIZ 0.7~0.8 OEITEWNT
L, B % o8 98 V<o Fi, PHNAROENIC
. C No./ha 1, 050~2, 450 550~1, 650 X2EEa—2ADES X SICHA
B % 97 93 ;
2 L1 e No/ha | 1,050~2, 400 550~1, 300 § %o FUDD, MREHDHE-
é o |B % % o8 TXDBED, b0 EEAZ
. e Nojha | 1,050~2,000 600~1, 600 SO FERERINIOT
3 B % 93 81 59, —HTiIR1ED ot
21099 ¢ No/ha | 1,050~2,600 550~1, 650 % ATl Ao
~ INEBHBOEMLMTOIZLA & &
o8 |B % 88 79
E “©IC No/ha | 1,050~2,750 650~ 800 NTWA, 2Dk, SBICAY
Hl,, B % 86 68 ERDEEBLEMTEY, B
“C No/ha | 1, 150~1,500 500~ 650 . N
BEBHTIE] R EFHEK
06 |B % 78 51 )
% C Nojha | 1,050~1,700 500~1, 150 BTHEBTLC LIS,

RARiC T 2 83, Table
6 DUAEINDOPRHFIBEOBRBICREINTN S, CNDHOMER, EEEHOIAER 1. 2 DEAFNE
100 & LB T, TRIZZD 5% ONR%E5Z 2 AMMBETH 5.

th# Tabled OBEEHOBE LLETSE, MROBVR UBHOERIC X » T REBELT 3
TEBLMhE, TZOBDE, SARENESL212E, AERBB#EIZE, K&, AILE, LBEXR
FigkiEss12.2m e s, YREL2KEU 2ARIBOETIR2HTH 2, WARE06 TIX7H%IC
W3, A5k, EEAEEEERSI8ImIZESE, IAREO 6 TOMRNISOETIE 10% TET 5,
chEEbit, BYKREOBKEICELT, £0 95% OIEMHPHEINAAMEHS, EEEH40L &
BIE) QAN

CORRIE, MRBEVRUVAHOERICK » TREKRFRE~OEENENS T EERLTNES, £
nTH, F1EMBRERECGERT 2 ANMRICE~NE, SE~0ZRRIDE0,

3. HERNEL

INFETE, HENO m? S DTTRMEPEERIIMNEICBELT-EXERELTE L, LhL,
DEIBER, CEVWHBTORILES IRV, 20D, HEELBRAREBE(LILEEZDOE
BREOZEWRPBOENDFAMERT LTELEND S,

TR, E0LIBAROHLRMEFELT, AEBOETEXRD> 5, YEOHBER2%TE
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600

|
po=1200 | <} \ po=2200

400}
Ry=0.8

200

m3/ha
\

/

P

-

1l

o

[«,]

100

g 400 600 800 1000 400 600 800 1000 2000
§ x H Number of stems per ha
o
=
s
9 600 -
~ | £o=2700
= H
T H
K 400 - "
-3 |
200
§\Qﬂ5
L
100
400 600 800 1000 400 600 800 1000 2000
*x ¥ Number of stem per ha
Fig. 18. HEBBRO LA LZE L EHEHHE
Rising in labor costs.
Y LR Annul rising rate 2%
R 2BRAEHRIT 5,

0L EOBBRRETEIZ Fig. 180X 51K 5, KTR, PIPKRIRESE> TS, BdhsE®Ea
—RiR, EEEHOLEEFAUL YK, NEHEO.7E2HLE LD ST, ##d, YAKELL
POMRTIHELELTE, RPELIRZLNEREO0.6 L 0.7 0hflE THEMET LT B, #iCik
BEDS0.7 T ha B DARHH 2,200~2, 700 K &V o 7c BEEOREL S MR L E &3, NEHKEED
KEEILR - T, EROBEALVRBEMBIHEERELTEIHIRa—RBRHETHN TN S,

COERIRDIIXEL OGN, BOIAE, BORSEELVIDE, £H0 S EEEESMELH
WINSOWHATH B, Lichi-T, COXINKRITR, YAEE2—BELT2L5% EBEKRRBETL
K<P0~ﬁ,%E@Lﬁm$of¢&*%§<%UT§%&@&%%M$C&K@T?%@B,TE%
REEORBEE S, LORRBLEENIEICEEE LV, BR, bTLORBEBOBATREY 3HFE
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Table 7. ¥R OBKM & BRMED 95% LI LD RAD 5
AEOHBHE (HBBEDLA) Table 5 B
Relation between maximum net present value of future revenue
and initial relative volume, the range of stand density leading to
95% value and over of the maximum (Rising in labor costs)
Instructions are same as Table 5,

Hifrfe¥k Site index 14

i Stan?ygg? 26 35 47 60
%Efjfﬁl’?f% (m 12,2 16.0 20,0 23.5
L, |B % 85 86 86 85
2c NoJha | 1,050~2, 300 650~-1, 500 500~ 950 500~ 850
N % 85 84 81 74
g | e Nojha | 1,050~2, 200 650~1, 150 500~ 800 450~ 750
=
S | Lo B % 84 82 75 65
> 1M c NoJha | 1,050~2, 600 650~1, 350 450~ 900 400~ 650
>
‘g 0.9 |B % 83 80 68 56
S 19%% ¢ Noha | 1,050~2, 300 650~1, 400 450~1, 150 400~ 550
3
o |B % 82 73 59 46
3% -8 1c No/ha | 1,050~2, 350 650~1, 500 400~ 950 350~ 550
H,, B % 79 66 52 35
-7 ¢ Nojha | 1,100~2, 450 650~1, 600 400~ 900 300~ 450
o6 |B % 72 57 41 25
-6 1¢ NoJha | 1,100~1,550 650~1, 200 450~ 800 300

DEBEVERTIAEO LRSI P LN B LTS,

ZHICH LT, HPOUAEDOH OIS TR, LEMRTEOHKIRENRAD BB, LK
BEOABTESEAFWEMTH S, CNILX T, ERINBO—EAEHEDROIEHIICIE LTI
WITMA BT LTS, ERICEARELENEORI/O LV RMCETIETT 5 M8 TES,

ik, REBORENT LRAEZRKETSLE, —BCBERA~OTEHE {83, Fig. 4 TLEAE
BEEN12.2m s X, 60EF TERIERICH SHMVHSMRECEHEIZ, WLAEO0.6~0.7 DK &
UAREOS 0.IDARHOENECAEEELTVS, ZhiTH LT, HEOEF2RKELLBAKE,
C OERIZARBIH/INLUT, JLAREO0.6 D ha %720 1,200 &2 EE, IAREO7D 2,750 RPLLICH S
NBLIICY, fZTTHE 54 ENRBRINCTE 5,6

RasEDOZALIL Table7 D& HICE %, D& EDPHINEDOBEDRIMROB VR LHHEER Lic L
FX0BKREV, TUDE, LOAEBTREBICBNTS, IAEL2OBFIRIZEEL D 14~15% DR
THbH, CNEILARERICAZ &, FBAFSHE12.2m 0 & &, LARE 1.2 ORI ERED 85%
ThHoM, WKEN0.6ICIEDEE 2B ITETT S, UAEDETICHKS BINREBOBRIDOEER Table
6 DEALDWEPHT, R 2HELROEBRITAEOROKRIDOHTBAELZ T3,

4. MEHEOLE

R DL THERRE LD X S ITELIIE, RBOAPNZECATH S B, hE CTiAEF

H3.5% 2 —IOEEL UTRIHEZED T &, I~k Sk, FENTFROBEIENELUE
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HOWFThONBABERTELOREZEOHMIC P> TWN B, LIth-T, BLOTWHEELRS2HIT
S5, CTRREMTO—HE LT, ERRE2HBKIETI L EDORBRERTT EICT S,

27, FOLEBERETS, UAREMEN S XORERIEEDBREIIZLAZED IV, FIZE,
FEAESHEN12.2m D e X, FARBE0.6& 0.7 TEELEHLERZBRISFTLASZDR, T OHE
D 84 DHEMRED S B 12 DA T, £TORESNo.2 &ENo.8, No.8 & No.14 $ 31 }3 No. 14 & No.20
DEHIT, MREL Dp/D Hinb %9 DRI - 1 FEOHMOANDZLITEREL N,

EEMNEL L, Fig. 4 LOBURIAREOTOATHAHONALDITIE S, T70b 5, LERELHS
Bl6moDEE, YAREOQ6~0.90 HTREFRSENTZ20R, ©DTHICIHFAT, 18.1m DILKELE
~1.0 DEETIZ 6 HIFZFTH B,

BEREEHD L& LRI SRR ThN 201, EEAFEEEE12.2m OBRETIR, IIAKO 9~
1.2 OBBHMAREEDE, (2,000~2,7004/ha) LZATH5B, LEAFEEEN14m LIRS

400

200

m*/ha

100

|
400 600 800 1000 400 600 800 '1000 2000

x ¥ Number of stems per ha

Stand vglume

600 2a=2700

400

HAHR

______

200

100

400 600 800 1000 400 600 800 1000 2000
< %  Number of stems per ha
Fig. 19. MERIEL 3.5% 55 2 BWEE L2 & xOEHHE

Annual interest rate lowered from 3.5% to 2.0%.
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L, CHRIAELIELZRBONS K DICED, AROBHASKBEEREDOHCBHITT 2, OB
&, BEROERBAKIEMRE, Dr/D WEETI®I XS ZHFAEIKE LTINS,

3 59—20ELIZ, YAELSBIVL20EEDENECATEMRIBENZIBETETHS,
noid, No.2, 8UCHEOTRMROFECRDL->TREINIENZOH, IAKLIERIFL2
DO—#TE, No. 5, 7, 17, 21 5D EEHRORBAE LTHNEC LB H 5,

COXHIERISEHIRES & S ORB EHMHOHR T Fig. 19 0k H K3, chickd s, IRE
0.7 HMTT 3 L SOBETER, WA, 2004 /ha DFEERVT, Fig.9 OFEEHEOLD L
—H LT3, #hlATit, TAEMNLO~L1KEZELEDER, WBRNBEED, 503, #HEko
FHEHSERING &0 REHOBHICE - T, BRI O0.7~0.8 DLEBNEOEEKET #H LT
WB, 7o, AEMHOKDL DICES L, COBEEKRERN S HEIRZEENS B

FMBOFIETUE, BHRRHCLEET S, Fig. 9 OBESEFICEOTHE, ZAKO070 1,700~
2,700 K /ha ST L& 20ELE, HEBEMEFOFRPBEETHZ, chicl, Fig.19 TiZED
BAICHHE 60 F3 L RENL ESEERFICIE > T3, MR DOTIE, HEERSEL S
W, BERELEORBRREERTHYD, BREIZERT 3,

5. RITAHERREEITE

FRENER EFBNERE, WHOEIHROBELRAEDHHOET VLTS 5. IEDORIBEEEHC T F
AL BMY, FEAEEMEO 2mOMEILIC, BROELUTHERERORT LV IODE, MkE
REFBREAIEIDLHIEAHTH S, i LT, FIANERRRED ST LVERERBEDI,»
T, A1 ESREHRER S TRMREED 20 ET 3 RMIEEOHFTELZREZ LTV 5,

S BRI ENERBOMRE ETTE201, BLKBRTEHETBSCROWEIDELIE
Vo ULipL—FTHE, FIANBREBRNICERN L BAOEELED RBCT T LI TELY, Lk
T, BEOBRIMFOPHICKRD R AER RN EEZL OGNS,

bUBERL 0 EOHBIASET LTS, EFEERLIGTNEL SRVNSHNAOES, #lAd
BROBEERF PO VE UMM, 30 ERBFICTRINIFHEREPHREI OV THEED
BOHESShE, ThBEBCL-TIIFELLSOEL S, COXIBAEEZELTIC, BHICH
ZTNRB1IBTOEL LI FEEZRBOCETOMNBHENERE TS5, Lichi-T, HENEZOUNZHE
RO ANE LS, BENIKELFLTMMRHELROETCLOTEIRRIHE VR T LAMBELA
bhs,

PFEBOTE, ZTOXIBERICCHZ B—20 HEE LT, BIBLIADEREZZERLENS, B
FEHEB L OXFNMELE T, TURIEMRAELATEROCRD 3 HEEELB, 21, ¢
D& FICHBBEREEH & LB USSP RO BESHMOBEEL L 20T, & XIORLEBNM
ROIEERVSERICEZ, COHEOHNE Fig. 20 KiRT,

Baic, HEOTHERD S 3 T X TOMAERIC VT, FEHHROEHSEZEZHELT 774 MicRE
BT 5. COEHEE, XTI EDII, EEAFEHED 1 mB X ORMUESLET X 5
£, LEBAEAMER 1B mHoRRETEED 1RFOLOEART 3.
step 1

7 74 vk OEBEBRIEHRETRAL T,
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SHAD D
SRAE % ENRI
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Fig. 20, ETAMRE/SRMREIE O FHEFIR

Selecting procedure of practicable thinning schedules.

step 2

FRARDEY, WEFEOIDOEES, MRFEZLLERL, HREOBEET S,
step 3

MR LI DM O, LEAVEEE, TAE (FLRVHER) 2+—F-FhOANT S, HE
TP DL EIHEE0 LT 5,
step 4

F—A VENLT - EPOHMNERERET 5, TAEORD D ICEEEEREI OGN L &R, Z0
HrSNAREEMET 5,
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CRODOHBEADHE, BIUREZ 60FE Lt 20BKO EBATFEMEZEHRT %,
step 5

HEINIMAERICE S T 2 RERROEHEE S LT,
step 6

RTESIZ1EB{ @PORTNEEER, BEMKBERNT, 60FICE->Tohd, BROK
SREZ R L TOIED,
slep 7

SEDRTICE T 2 PHOKMREZHRT 5,
step 8

AITESH1 DL ], RHEHMRIESHCHE - THIR T 5., Cokcd, HBHRL OABMERE, Dr/D
BLUKROMRED LBAEEGEE 2 7s & > THRIT 2, BE T2 0@2nblbies, 7AMLE
S5 LT ARk (RMMRE, Dr/D) &, FELTW3REMRREO LEAFS#E (TR
F—K—FPOoANTE, COHER J=1 0L s LRUBEXTHRIEN 3,
step 9

BEX O RRAFRICE LT, BAROARY, FHER, FHE, ¥ FIAHR RERIKSEHE
LCARIT %, ‘
step 10

step 9 DRUREEFT Licd &, RPDHUKEGA (step8 TRMR I L & HITHBE TN 3) LIk, &
BRMEAEICHE D S IE Lo & 2 ORPASIRIEE TREIN S RBORIESH2EET 5, 25iT J=1
DL EOHFENE (AL LHEBICREMRIESHIRE S & OIRONMAED XT3 D %% HIR
T3,
step 11

FA b Lz FESMbicdhIE, 02ANTS, cOEERIEZLIRTBELT step8 itd &D,
FLORTICA S,
step 12

zH5Thghid, COEBREDT A MIRTEPL, TENETOI~IBRETOHEOULLPOED
BYEEONDEDERATEDRTESEANT 5, COERTHRAINABRFERICHE-T, KO
WORENTFRIZN, FORESHRIENS, DT step6 i€ &Y, WETFH Ui iRES 0 H1E
Z LT, ROEBFERBICNT 25EERT 5,
step 13

MHERRTNTNTRT LT, SBRIMREE & BTERNICRD S h - BREEOEH IV TIX
HELZHRL, X5CRAMTHREICEFNLTLS i, BVEIABHBROBINERS X CIRBORIHS S
ZRFT 5o

Fig. 2 ORBLHEOL X LFALL, COHEY AT LAOFELHML, FEP IR L KBTS
KUBROFES AT L TH 5,

1k, ETHMHLIRHEORLEIC 2 REMRIEHE, B@ELHEORH,T Fig. 4 ONEET7 74
vichhsehid, BHRICEHTE S,
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SELECTING PRACTICAL THINNING SCHEDULE
BY TRIAL AND ERRUR METHOD

INPUT INITIAL STAND CONDITION

#AGEXTOP ,H#STEM NO,#REL .V, *AVE.D.*
= 2b+12.242000.,0.8

SITE INDEX =—=-—— 44.0
REL. V0L, —=mmee—— 0.80
FINAL TOPH. —===  23.%

1 ST THINNING

PRESENT STAND

AGE ——————- 26 TOP H., --—- 42,2
AVE.,H, === 9.3 AVE.D. ~—== 41.7
STEM NO,--- 2000. VOLUME ==== 144.7
REL.V. ---- 0.80 RY ———=mwme 0.4699
TRIAL (1) OPTIMUM

THIN.R. (N} =-== 0,200 THIN.R. (V) ~=== D.048
DT/DA ——m—=—memm 0.550 NEXT TOPH ===—- 14.0
NEXT AGE —-———= 30

CONTINUE OR NONE {CONT.=0 (R
INPUT A RELEVANT TRIAL NU,)
=0 »

TRIAL (23
INPUT THINNING METHOD
*FEL.RATE(N) #*DTDA#NEXT TOPH.#*

=0,+0.514.

THIN.R. (N} ——— 0O, THIN.R. (V) === D0,

DT/DA ———w—wee= 0, ADJ.NEXT TOPH. ~ 14.0

ADJLNEXT AGE —~==—- 30

THINNINGS
AVE. H., == D. AVE. D, ~——= (.
S5TEM NO. ——- a. VoL, = 0.
MERCH.V. ——— 0. REVENUE === 0.

EXPECTED FINAL STAND
OPT.FELL AGE &0 TOP Hy ==—=—— 23.4
AVE.D, ~w=—— 32.9 STEM NO. --- 576.
VOLUME =r=-e 584.0 ACCM.VOL., - 727.8
ACC.MERCH.V. 572.4 SDR (4) ~-- 2348, (400.)

CONTINUE OR NONE (CONT.=0 QR
INPUT A RELEVANT TRIAL NO.>
=24

Fig. 21. &t B )

Worked example,
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41 2 ND THINNING

o e e o e e et et e e e

42 PRESENT STAND

43 AGE ————mme 3D TOP H, ~-——-— 14.0

44 AVE,H, -—— 141.0 AVE.D, =--- 13.3

45 STEM NO.---~ 4957, VOLUME ==—- 209.3

46 REL.V, ~~-- (.85 RY ———mmm 0.767

47 TRIAL (1) OPTIMUM

48 THIN.R. (N} -—-- 0,300 THIN.R. (V) ——— 0,109
49 DT/DA ——mmemmmmme 0.4650 NEXT TOPH =———- 13.9
50 NEXT AGE ——mwmm 35

51  CONTINUE OR NONE (CONT.=0 OR

52 INPUT A RELEVANT TRIAL NOC.)

53 =D,

54 TRIAL (23

55 INPUT THINNING METHOD

56 #FEL,RATE(N)®DTDA®NEXT TOPH.*
57 =0.35:0.75:17.

58 THINLR, (N} =~~== 0,350 THIN.R.{V) ———— 0,183
59 . DT/DA ———mm———— (0,750 ADJ.NEXT TOPH. ~ 17.0
60 ADJ  NEXT AGE ~——-- 78

61 THINNINGS

62 AVE, H, ==-- 9.8 AVE. D, ——-- 10.D°
63 STEM NO, --— &85, VOL, === 38.3
64 ‘MERCH.V., ~-- 23.4& REVENUE ~=w= =47,
65 EXPECTED FINAL STAND

66 OPT.FELL AGE &0 TOP H, ——=~—— 23.4
67 AVE.D, —=—=——m 331 STEM NO. -—— &03.
68 VOLUME ===== 624 .4 ACCM. VOL. - &80.9
69" ACC.MERCH.V. 544.0 NDR (%) === 2591. ( 97.)
70  CONTINUE OR NONE (CONT.=D OR

74 INPUT A RELEVANT TRIAL NG.)

72 =24

7% 3 RD THINNING

74 PRESENT STAND

75 Py e—— a8 TOP H, ~—- 17.D

76 AVE.H, === 44,4 AVE.D. =——- - 18.4

7  BTEM NO.-—- 1237. VOLUME —-—- 299.5

78 REL.V, ~=-- D0.89 RY —mmmmmme 0.764

79 TRIAL (1) OPTIMUM _

80 THIN.R. (N) ===~ 0.200  THIN.R.(V) =~== D.048
81 DT/DA ~==mm=wm= 0,550  NEXT TOPH === 19.0
82 NEXT AGE ===—n- b4

8% CONTINUE OR NONE (CONT.=0 OR

84 INPUT A RELEVANT TRIAL NO.)

g5 =D

Fig. 21, o3& (Continued)



86
87
88
89

.90
91
92

9%
94
95
96

97
98
929
100
101

102
103
104

105

106
107
108
109

110

111
112
13
114

115
116
17

118
119
120
121

122

123
124

125
126
127
128

129
130
131
132
133
134
135
136

b ey ALHORERMRETEICE T 2% (HD) — 9 —

TRIAL (2}
INPUT THINNING METHOD
#FEL . RATE(N) *DTDA#NEXT TOPH.*

=0.35+0.7+20.

THIN.R, (N} === 0,350 THIN.R. (V) -——- 0,153

BT/DA ~——m—————m 0.700 ADJ.NEXT TOPH. - 19.%

ADJ.NEXT AGE —=em- 47

THINNINGS -
AVE. H, =--— 42.3 AVE. Do ==== 12.9
STEM NO. --- 433. VoL, === 45.7
MERCH.V., --- 30.4 REVENUE ---- -84,

EXPECTED FINAL STAND
OPT.FELL AGE &0 TOP H, =—w==e= 234
AVE.D., —~wee- 33.0 STEM NO. ---. 580.
VOLUME —==== 594.5 ACCM.VOL. ~ &31.9
ACC.MERCH.V. 507.9 NDR (%) —— 3335, ( 95.)

CONTINUE OR NONE (CONT.=0 OR
INPUT A RELEVANT TRIAL NC.)

o i o et e e e s s ot o

PRESENT STAND

AGE —=m—eee 47 . TOP H, =—-— 19.9

AVE.H, === 17,7 AVE.D, =—-- 25.2

STEM NO.--- 789, VOLUME ~—-- 408.1

REL.V, -—- 0.98 RY =—=—e—w——m 0,744
TRIAL (43 OPTIMUM -

THIN.R.(N) ---- D0.250 THIN.R.{V) ———-— D.0%92

DT/DA ——mmemeeem 0.450 NEXT TOPH —---——- 24.9 ..

NEXT AGE ——m—-- S4

CONTINUE OR NONE (CONT.=0 6R
INPUT A RELEVANT TRIAL NO.)
=0,

TRIAL (22
INPUT THINNING METHOD
*FEL .RATE (N) #*DTDA®NEXT TOPH.+*

=0,3050.7523.4
THIN.R.{N) ~=-= 0,300 . THIN.R.(V) ~——- D332
DT/DA —mmmmmm== D.700  ADJ.NEXT TOPH. - 23.4
ADJ .NEXT AGE =———v &0 -
THINNINGS
Aan Hl mramme— 15-2 AVE. Dn mm———— 17-6
STEM NO. -—- 237, VOL, =mmmmmm 53.9
MERCH.V. --- 38.5 REVENUE =--- 85,
EXPECTED FINAL STAND '
OPT.FELL AGE &0 TOP H, mmmmmm 23.4
AVE.D. mmmmmm 3.6 STEM NO, ——- 542,
VOLUME —mmemme 575.3 ACCM.VOL., - 576.3
ACC.MERCH.V. 4bb.8 NDR (%) ——— 4630, ( 99.)

CONTINUE OR NONE (CONT.=D QR

INPUT A RELEVANT TRIAL NO.) . X
=2, Fig. 21, =-3% (Countinued)



137

138
139
140

141

142
14%
144
145
146
147

148
149
150

151

152
15%
154
155
156
157

1?9

160
161
162

163

164
165

166

167

168
169

176
171

172
173
174

FINAL CUT YIELD

(1

AGE

30

33
40
41

45
47

30
54
55
&0

HESZBRBMEHE MBS

AGE —=w=—— 60
TOP H, -—— 23.4
AVE.H, --- 21,46
AVE.D. —— 33.8
STEM NO. - 542,
VOLUME ~--~ 574.3
MERCH.V. - 444.8
REVENUE -- 6217,
REL.V. --- 1,081
RY -——==—— 0.750

#%& THINNING SCHEDULE AND

OPTIMUM
SITE INDEX
HT

ALL
THIN.
RES.

14.0 ALL

THIN.
RES.
15.9 ALL
17.7

18.0

ALL

ALL

THIN,
RES.
19.3 ALL
ALL

THIN.
RES.

19.9

20.8 ALL
21.9 ALL
22.2 ALL

23.4 ALL
THIN.

TOTAL VOL. YIELD
TOTAL MERCH. V. YIELD ~—-
NET DISCOUNT REVENVE ———-

DM

6.4
13.0

4.6
8.8
16.6
18.7
20.7
211
13.7
24,3
25.5

2.3
7.0
9.9
11.3 1
8.9
2.4
3.6

26.3
22.4
2.6
28.8
20.0 30.3
20.2 30.9

21.5 32.8
21.5 32.8

14,7 2000.

400,
1600.

1573.

393,
1180.
1144,
1143,

1139,
342,

797 - X

791.

787.
197.
590.

588.

284,
583.

579.
579.

YIELD %*#»

v W
144.7
7.0 3.9
139.7
201.8
15.0 9.0
184.9
270.5
360.6
378.8
44,2 27.9
337.6
408.0
443,7
82.3 &0.4
361.4
412,58
482,5
499,7
586,46
584.6 475.2
732.0
576.2
2320.

RV RY
0.80 0.70
0.82 D.45
D.87 0.72
0.89 0.45
0.95 0.73
1.04 0.78
1.02 0.79
1.02 0.74
1.05 0.75
1.07 0.76
0.96 0.47
D.99 0.70
4.03 0.73
1.04 0.73
1.b8 0.77

¢ 100, %

Fig. 21. >3% (Countinued)

REVE.

-11.

-25.

-76u

308,

6294,

PTN DTDA

0.20 0.55

0.25 0.60

0.30 D.&5

D.25 D.85

~4.00 1.00
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175 {2 ADOPTED

176 SITE INDEX = 14.D

177 AGE WT HM DM N v VU RV RY REVE. PTN DTDA
178 26 42.2 ALL 9.3 14.7 2000. 144.7 0.80 00.70

179 30 44.0 ALL  44.D 13.3 4957, 209.3 0.85 0.77

180 THIN. 9.8 40.0 &85. 38.3 23.6 ~67. D.35 D.75
181 RES. 11.4 15.1 1272, 171.D D.80 0.45

182 35 15.9 ALL  13.3 17.2 1250. 248.5 D.856 0.72

183 38 17.0 ALL  %4.4 1B.4 4237, 299.5 0.89 0.74

184 THIN. 42.3 42.9 433, 45.7 30.4 -84, 0.35 0.70
185 RES. 45.5 24.4 804, 253.7 D.87 0.65

186 40 47.7 ALL  15.5 22.1 B804, 28,2 0.90 0.7

187 45 19.3 ALL  17.1 Z4.4 792, 372.1 0.96 0.73

188 47 19.9 ALL 17,7 25.2 789. 408.1 D.98 0.75

189 THIN. 45.2 17.6 237. 53.9 38.5 85. 0.30 0.70
190 RES. 48.8 28.4 552, 354.2 0.97 0.45

191 50 Z0.B ALL  18.9 29.5 550. 4D4.6 1.0D 0.68

102 55 22.2 ALL  20.3 31.7 5hb. 490.7 1.04 0.72

193 &0 Z3.4 ALL  24.4 33.56 542, 576.3 1.08 0.75

194 THIN., 24.6 33.6 542. 576.3 4bb.8 6247. 1.00 1.00
195 TOTAL VOL. YIELD ==m-——-= 714.3

196 TOTAL MERCH. V. YIELD -—- 559,3

197 NET DISCOUNT REVENUE ~--- 2128, ( 92. %)

Fig. 21, »-3%& (Countinued)

TOFEICES &, HEVEERL OB EELZRBERLACAALT, BEERELELLLEED
IIMET ORE, YEASNEEONELEDICMSC EMNTS, HEMUMNGELZBE T, 28
B U RTRIRAESRBELRTEL SN, bbAA ZOBRICRENEBNE, HET3
HRPEONZ I TAETOLIEELD DER-ITIL,

LOYRAT LADERFIE Fig. 21 ITRd*,

1~2%7

EEOHIR

3~577F

BT INPUT - LIFOASBES » v 2 — VT BIE N, 5TED= ([ 3—1) ZHZLTE
¥ %, 2T, 4 TETHERSN AGE (BZim#h=26), TOPH (FE@AES#E=12.2), STE-
MNO. (£%=2,000), REL. V. (LRE=0.8) EANT 5. DL %, UAEORD Y ICEHERES
AThE, ZDOBAII REL. V. 20 & LTH <,

6~ 81T

#whrfE# (SITE INDEX) & REL. VOL. (SLAKEE) % &K UMRIHP 60 4 & HIfTHS M 0 5 2 B S 1.5 Bk

* ZZ T3 NEAC ACOS—6 v 27 4 (BHKETIEHE LY 2 —) OR— & 7 ABFLF E LT3,



— 98 — HEREBRETEHE #3285

O_EEAFGHEE (FINAL TOPH.) ZHIRI LT 5,

9 ~14fF

EHICRT 2L LT, MRNAOKPREZERTS Ghib, FIOME, A% AR LBATSOR
m FHEE, BHE, REHED.

15~18 T ‘

TRIAL (1) RBEHRIEEHCRED BETH 5, 16 TLRRIC HBETRIC RS Nurc ARAIRE (0. 200),
Dr/D H; (0.550), REIRIREEOHE (=304F), HEMRE (0.048), KEMMKIEO LEA (14m)
HRElSh3,

19~21

COEBEBRETH RO TRAETIDE I DOMVADETE S, 217D 43— D HEIT, ik
250, TV LENETD TRIAL BEE0ENPEANT B,

22~25 17

ETOZANLIDT, TR T E2ERFEORNEOLETHE, CLTR, LBAFEHEN14m
I3 E THRAEST A C LIt LT, AKMRE (FEL. RATE(N)), Dr/D W (DTDA) %2Zh&
N0 &LLT, KEMRTFED LEAFEEEEE 14.0m & LT3,

26~37 1T

A LRI T 5 kAo lﬁiﬂﬂ%ﬂiﬁﬂ LT 3, CCTREBKRTHS # 5, ThoiT~T
¥uThb, ' '

33~37 1T

ERAFE#EEDI 14 m 1 3 $ TR RebhH, ZORBHEMRAHEICH S & S ORIMMRE L
WL, FAEAERAD SHES K BABRAEICHES BAOBEFNRIcHT 3 20l (%) 2HRT
5. COFTE, VWETCRRE LTS, BIBOFIMESE (NDR) BREMRODLIZLALE
BILNC EWb B,

38~40 17

TR PERTEZLEIDOENELEICH LT, BT 20KMRERATIERELTN S,

41~46

LREAEEEE) 14 m 2722 F TEMR THB IS L SORSREEHIRIT 2, O35 2 EIRME*
FIOMMRETH 50

47~50 1T

AT 1 OFBEHROANE

51~57 fF

BAMRICHT 2 REE LT, AMEMRK B, Dr/D W 75%, REBROTERAD LBATERH
B1l7Tm ZAHLTN 3,

58~60 1T

AN LIcBRGE &M EEREOHEM (THIN. R. (V) BIUKREMROEOKE (ADJ. NEXT
AGE) &, 20 & &0 LREAYHHE (AD]. NEXT TOPH.) %HRIT 5,

* 1EEERERE Lickh b, KRBT Oy E 1 EMIRTEH 3.
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61~64 17

PR DM, 30 bFEHE (AVE. H), X% (STEM NO.), FI@H# (MERCH. V.), ¥
E#% (AVE. D), ®## (VOL.), [jRI{% (REVENUE) Th3, o4, MRISIEIAT, Bk
DEBR67T THBBELEINTVD,

6569 1T

FED I~ FTEALT, LERIHERTE (OPT. FELL AGE), FREOTiHERE (AVE. D),
B##& (VOLUME), Fifisi#ieiitg (ACC. MERCH. V), EEANYHM®E (TOPH), KK (ST-
EM NO.), $#EI#ERE (ACCM. VOL.), XEOHIliAF (NDR) &5 -Tn5, HEOFRON
P, BERMRO 97% OEBPRFITEE T LEERLTV S,

70~104 7

33 EMMRICDVTO 2 [HDEST, £ THRBMMRORD DT, EYAHRE 5%, Dr/D H70% ©
RMRAFEAFA LT 3,

105~136 17

%4 EIRMR, ABKMRE, Dr/D WAEREMRED 5 BT 2EL LT3,

137~147 17

FAERRIEBNT, K60 F0L 0 LBAFEREEATLLODOT, I THEROMMRELA
Rig %, BkD 3171k, FtkiNE (REVENUE=621.7 TM), SLAE (REL. V.=1081), [NENEH
(RY=0.750) ZRLT 3,

Db L, FEBITKE 26 £ 55| SO TRAMMRIECHE S BAOBR - BHE, FRAMHEOD
%\ IRfE@ (TOTAL VOL, YIELD TOTAL MERCH. V., YIELD) & X Uhki#h 26 FEICB| % & & L7z
ZOFMEAS (NET DISCOUNT REVENUE) % 148~174 70 X 5 icHIRI3 50

BT, 175 TR T3, SHEEMIBA XM T 2 DUHiE & ISR, B ORIEAEHHIR
INd,

COHERRETH DL, PHREBOBLIE, Hilh38EDOL SITRELZFALE & Lo BESRED
E5THB, UL, 2HMEELTHHENEOETIR8HTHD, ELL0HERERAET 500,
RIAEHERPNHEER, H30IETHOMRONEERA LREEOHMICE 5 LT3,

6. ¥4 -3 ‘

(1) FMROFBOEUNME, EEES I CHREMNREEE UTREHREERD, RRSWLRUT
#, BESEOEAL LCRAEELEEL L IE0RENEROBA LB U,

(2) BEROKBVEUEMEERT S &, MROETERHDE LB, KR, Dr/D ko
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ERLGED L ELDIETT 5, COIOKER, MEATAENMBENEE, BRBICIZZEERED,
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LHIMBEER LicE kD b RED,
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7
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Studies on the Optimal Thinning Schedule for Todomatsu

(Abies sachalinensis) Plantations

Akira Manage®

Summary

In a previous report, the author proposed both the yield forecast and stumpage appraisal
systems concerning the thinnings and final cut yields for Todomatsu plantations. Here, the
author discusses consecutively, the determination of optimal thinning schedules, which maxi-
mize the net present worth of future revenue from a stand using these systems.

In chapter 1, the recurrence relationship was formulated in order to solve the n~oblem
along lines of dynamic programming, and its computational scheme was illustrated.

1. Functional recurrence equation

Assuming the thinning operations are successively performed at N stages of a stand
growth, the following functional equation can be derived from the principle of optimality,
because the yield forecasting system used in this study dependes only upon the existing state
of a stand, and the thinning operation that was performed.

Fon(P)= Hbax[gk(Pk, dp) + anfiet, N T Pr, dp)))  reeereeeeees )
A

The left hand side of the equation describes the maximum of discounted future revenue
obtained starting with Py, state of a stand at stage k& and ending at stage N, employing an
optimal thinning policy. Also the symbol max on the right hand side implies maximizing
the quantity in brackets over a set of possible thinning methods dy.

Meanings of the other symbols are :

d,=The vector of thinning method which consists of the elements, felling rate and ratio
Dy/D, where Dy is an average d.b.h. of the thinning and D, the average d.b.h. before
thinning.

P, =The state of a stand specified by two elements, number of stems per hectare and the
degree of stocking.

gk (P, di)=The revenue from thinnings at stage k, yielded from the thinning method
d; and state Py, where the function g; is the stumpage appraisal system. In the calculation
of Eq. (7), an additional factor was allowed in order to capitalize the permanent periodic
income,

T (Py, dy) =The stage at the next stage resulting from the performing of thinning method
d; to the present state P, where the function T signifies the yield forecasting system.

ax=The discount rate corresponding to the number of years between adjacent stages.

Now, it is supposed that clear felling is a special case of a thinning treatment in which
the thinning rate is a unity, and that the only clear felling is possible at stage N. Therefore,
. the desired solution can be obtained by solving the equation for the stages starting from %
=N to 1 in turn.

The most intresting feature of this process is that the solutions are given to a large family
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of optimization problems which include the original one as a part. Therefore, optimal thin-
ning methods can be obtained not only for a given state but also for all other states and
stages which belong to a certain region prescribed by some constraints.

2. Computational method

Because the function gz or T in Eq. (7) is defined in a continuous region of variables, it
is impossible to tabulate all the values of the functions. Thus, some approximation scheme
must be employed in order to calculate the solution, which uses function values evaluated at
a selected grid of variables.

Such an optimization procedure was shown in Fig. 2. The meanings of notations in the
flow chart were as follows :

S=Site index,

N =Number of stages,

7s, YTe=Lower and upper bounds about the degree of stocking,

Hp=Top height,

P, s, P;, re=Lower and upper bounds about the number of stems per hectare at stage £,

4, £/=The grid interval concerning the number of stems and the degree of stocking,

L=The number of thinning methods,

d®=/-th thinning method.

The calculation comprises two phases. The former half aimed at selecting the most pro-
fitable thinning methods for all possible states and stages. The latter, on the other hand, on
and after step 13 dealt with the derivation of an optimal thinning schedule starting with
specified stand stages, using the results from phase 1.

In chapter 2, the author calculated the optimal thinning schedules, together with the stand
growth expected under the optimal policy for various states of Todomatsu stands, and described
the implication of their results.

1. Preliminary assumptions

Optimization was performed according to the following assumptions :

Site index : 12, 14, 16, top height in meters at the reference age of 30 years.

Thinning interval : at every 2 meters of growth of the top height.

Thinning method : 32 combinations of the felling rate and ratio Dy/D, including non-thin-
ning and clear felling (see Table 1, Fig. 3).

Range of states : starting with 12 meters of top height and ending at the age of 60 years.

Annual interest rate : of 3.5 per cent, and the price and cost standards in 1977 were used
in the valuation.

Stand density : from 0.6 to 0.9 in Anxpo’s yield index, so that the actual density limits
in the number of stems varied with the progress of the stages.

Further, it was supposed that the problem to be solved was optimization in the following
two situations distinguished by the difference in constraints imposed for the selection of thin-
ning methods. ‘

Non-commercial thinning : irrespective of present payability, in which all the given thin-
ning method were included in the comparison.

Commercial thinning : any thinning methods in which the value of removed trees did not
pay the direct cost of harvesting was excluded from the calculation.

2. Optimal thinning guides

In the above mentioned procedure, a type of thinning guides were obtained at first. Ex-
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amples of such guides concerning non-commercial and commercial thinning, in the case of
site index 14, was shown in Fig. 4 and Fig. 5 respectively. Their entries indicated the most
favorable thinning method with respect to any combination of stand density, and degree of
stocking at various growth stages. Thus, the author examined these results and found the
following relationship between the selected thinning method and stand conditions.

(1) In non-commercial thinning, light low thinning is prefered for a short time after
canopy closure. However, the felling rate must be increased somewhat in a dense stand with
a high degree of stocking.

(2) If a stand has a high degree of stocking, crown thinning bearing a ratio Dy/D greater
than 0.75 should be adopted after the top height attains 16 meters. However, if the degree
of stocking is lower than unity, low thinning is still best as before.

(3) When the top height reaches 22 meters, clear felling is occasionally desirable for a
stand of low density and a high degree of stocking in site indexes 14 or 16. At that time,
the stand age was 54 years in site index 14, and 46 years in site index 16.

(4) A heavy delay in first thinning occurs in commercial thinning, because any thinning
methods which do not yield immediate profit are rejected without reserve. Thus, the first
thinning can be carried out only when the top height reaches at least 16 meters, and the
degree of stocking exceeds unity.

(6) The methods adopted in commercial thinning are mainly crown thinning, although
a type of low thinning is favored in some cases at the end of rotation.

(6) Commercial thinning is often not possible in a stand which bears an extremely low
degree of stocking and high density. The reason is that, in such cases, any of the assumed
thinning methods do not yield immediate profit; but the delay of thinning according to lines
of commercial thinning results in the increase of stand density beyond the prescribed limit.

3. The optimal thinning schedule and total discounted revenue

In the second phase procedure in Fig. 2, a new state of stand at the next growth stage
was given by the yield forecasting system for any initial state, and the adopted thinning
method. Furthermore, the optimal thinning method appropriate to this new state can be re-
fered to in the optimal thinning guides. Thus, the optimal thinning schedule which indicated
the thinning interval, and thinning method in a series was obtained. continuing this process
towards the rotation end. The results were summarized in a sort of yield table which was
exemplified in Fig. 6. ‘

The author constructed such yield tables for different site indexes and initial stand condi-
tions, basing them on the assumption of non-commercial and commercial thinning respectively.

Fig. 7~13 show the stand density control, and progress of growing stock that resulted
from these calculations.

In addition, the author obtained the total discounted revenue expected from the adoption
of the optimal thinning schedules as in Fig. 14~16, and recognized the following tendency
in these results :

(1) In non-commercial thinning, the stand density approached approximately, the level
of 0.7 in the yield index, irrespective of initial stand density and degree of stocking. However,
the goal of stand density somewhat declined where the site quality was good and the degree
of stocking was high.

(2) The total discounted revenue in non-commercial thinning was not affected by the
initial degree of stocking, and stand density provided that the degree of stocking exceeded
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0.9 and the stage was early.

(3) The total discounted revenue in non-commercial thinning markedly decreased in sparse
or over dense stands in later growth stages. Furthermore, the dificit caused by the initial
stocking level became more conspicuous. Therefore, the most profitable range of stand density
became visible for every starting stage and initial degree of stocking.

(4) The total discounted revenue in commercial thinning was not as high as in non-
commercial thinning, because the most favorable thinning method was not adopted in general.
This reduction in future returns, as compared with non-commercial thinning, increased con-
siderably with a higher site quality and a lower degree of stocking.

In chapter 3, the author examined the alternation of the optimal solution caused by the
change of basic assumptions concerning the thinning interval, the logging costs and the rate
of interest, in the case of non-commercial thinning.

1. Sensivity analysis

The modification of basic assumptions yielded the following results :

(1) Prolongation of the thinning interval altered optimal thinning towards a higher in-
tensity and crown thinning. And the stand density control differed considerably according
to the variation of the initial stand condition. In addition, the total return decreased as com-
pared with the standard of non-commercial thinning. The reduction of total return increased
the lower the degree of stocking was and the higher the stand age.

(2) Assuming that the labor coasts rose continuously at 2 percent per year, the optimal
guides bore a close resemblance to that of the standard condition. In this case, the special
feature of alternation was that the optimal rotation period was shortend without exception.
Furthermore, the reduction of total return was large as compared with the case when the
thinning interval was altered.

(3) Both the thinning rate and ratio Dy/D decreased when the rate of interest was
lowered to 2 per cent per year. However, this tendency was confined to relatively young
stands of which the degree of stocking was high, and as a whole, the thinning guides did not
differ so much from that of the standard condition,

2. Derivation of a practicable thinning schedule

Finally, the author presented a calculation system which brought forth a practicable
thinning schedule, utilizing the optimal thinning guides concerning standard non-commercial
thinning., In this system, such factors could be taken into account as the payability of indi-
vidual thinning, and the amount and quality of the final cut yield, in addition to the total
return. Fig. 21 shows an example of this calculation.



