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FT—X—FRT7 37— EOF L 2BBIER L R T L2HAL, BREX, B2 TEaR FOMER
BET 013, AFRECEBRINCHERESIEEGFTH 2, Lrliws, HPEOHERED
Bk EEIMERMR E LT 5.0m/ha 12 3R T, MEBERROES ITEBL L UTHEE 2V, EF, FiC, 8
DREHIBEEORKE N T 2BEFEORE VCHIEL T, BHRBONREDHERY =4 MR E->TWwW5 2
LR, REMMEBHEOSANERL ST L 5T, HENBEORELEFI L 2RO OEE
BEEBINBZRACH S,

ZOEIWREOFICH - T, REFLIE, 21 VRS 2 BEMRALSHEO DT 21
DIZDELEERRERTH 5 BEEOHERY, BESERCETOTEBET 0, HERBOR
EEFRELIZOOTH D, D0, F1HTIIHERHNMEC L > THRESEBORERZITS> 20
PRERREHE S 7 A — 5 R/EBL, ThOOFEEBE LI, Fli/ 5 A -2 L LTHRBI N DI,
WEOMENZTEEEZORELZIIUD, HMESBREDC: ODOEEBBROERTH SHBHE, HHE
W, FME, EUME, \AB#XE, £HME, $THE, 2SCEEBROEEREOR LA O Y
BLREBEBERE, BRICOLTTo . FRTHE, B 1ROEE LV THREMOBROMER
BOREBECODWIHBT 200 TH S, Z I TRAMARBHFMKIC L 2 FELHEERKICL 2HED 2
B OMERBREEEZRL, &5CHEGWHETERS L2 HERCBT 2 EMEEEDOEED,
B THE LB EE 2 A T2 2 L TORERBRZ OV THREEE L,

2 WREBAEETEIC & B HESAEDRE

2.1 #HEEE

BHEERCEIZ NOENI P IRERRETIT A0, B BBFEY AT ARHRET S Z BT
BIRTdH 2, HEMT, BREES 27 L0ERBNKER L OT, MENLEHBHEOLEELTEE-T
VWb, IDHITiE, BROBEISUEET, BENLESVHREBOBR RS Z LB E
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RTHY, SEPLHERGIHEC L 2 HEFREOREROEIVNEEIN TS, FEiL, F1HWOMK
REDHLHERBEREL, SROMEBHEOSL D FEFELILDTH S,

2.2Ti, B1#3.2 THoPIZL T, THACK ORA] L ENOBRR TAMRE - MENT B %
FHEL T, FIARESMAROBEICE U MEFROREREEL T T, Z0ARE, FIARKESKER 2
BEREIHBRELTOO0T, MENFAR2TE L T2HEINL T, BITOBBEZ L FELRLAVS
IENTES, FETRENEHREE R, F1HR(OROBRCEPEOFGMRELE L ER LD
T, FIRREHFHER - MERBORRERTEEL & 5,

2.3 T, EEERTHEREERT 2BEOMERBORERLRBEL 2. 22 0F, BRFHEH
ALT, BBRREEMICAMTR - RENTERZHEE L, B 18 3.3 ONB2HEEsEC#HE L
Tz BARXHORMARIGC CBAMLL - EERBRT, S0 XBEMICERL 2K, SE10ME
B 2 EEHETE R FELT,

2.4 T, HEEIRS 2 UE U THEEHMEREE 21T 5 B4 OBFENFIR 2 dbcd~, 8 T2.2 &
23DHEOEMRERETHREFTE L,

RECHE LB & BB oEIL, Table LRI MHEL 2RV IFREEEMED 4 HBEL
foo MR8 1~3 8 b MFEMEOMEIR, F1H2.2 THIALZ L I, AiEIROEKBEO—BE LT
DBREFESI HORDT, ABELOESESFERL LHAERBCE I BELOINL, BEIH K
FCHAOLONZO0T, ETORROKERLEREDOER - L, HEZOMEY, 2227 ) — M
BErEaITVWIEEL LT,

Tablel. #EHE LEBEOBE
Forest-road standards and its structure

B RETE HETHE 2EH HEER BE %
Forest-road Design Design  Widths  Widths shoulder Notes
standards vehicles speeds  with H I (m)
shoulder Widths of
(km/h) (m) (m) (m) vehicles
B 18 LA 30 5.0 4.0 0.5 2.5
Ist grade Common-size
il 2 #K EwEEEH 25 4.0 3.0 0.5 2.5
2nd grade Common-size
P STEIRE JNE B E 20 3.0 2.0 0.5 1.7
3rd grade Small-size
TFEEMRE Ew@HEE 10 3.5 3.0 0.25 2.5
Low-structure  Common-size
&F
Reference
W Esh
Skidding-road standards
TEERE 1 N2 F (Fu—7) 35 9.6
I1st  Tractor (crawler) : :
2nd  Forwarder (wheel) : :
F¥ERR 3 TAT7—F (7a—7) 9.0 1.0
3rd Forwarder (crawler) : :
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2.2 MIAREHIC L 2HERBORE

AE TR, HRBEER L FARESRHEEROBRCERN T3, B1HROX2HBLSEBERLRE
L, FARSHEFERICHIGT 2 MERBOREBERELFE Lz, Tbb, BROAMIER L HEN
TEEE*FARSRHORED» S HEL T, HEBHE, HEAMNE, EHE AREERE, £HE,
BITBTHER SN EEERBCRD AL, MAREHRAERE L ERCEROMERIEEIET 5 ik
ThHb,

2.2.1 EEBEROEZHFLZORE

FANOEHE & RBREROBFE TR D 325 THACKO R O~ F R L GO BEEL, WEES (L)
LR AREBAERE (A) OBFRTLEDSNE I LRE1IH3.2 THLZ. BIHETUOROERE, n
DEFEE GG 1 8k 5 PEEMGE 2 TOMESEENIZ BT LT L 2 2, SERERED S, SR
ERARDFEGREIC & 2813 TH -7 (B 138Table d), FEBRBERICH V2 EHREL nid,
BRI R, MBS L TE5E220b—HETH S, KETIE, ERENOEERSY, HEFRK
W EEEERIIEEHE  RARTCRET2LEFH D Z L5, 5 1 i Table 40K R & ZAR D
e Uz, Fig. liz® 1 8 Table a0 E Mk, n2 B CALHEEEOMEERLL O TH S, ZOH
W& Bk, BRI AR I AT HER CHRERE SR B AT, EERH DAL 50, 100 U 1000
haT 42, 32 RUF 13 m/haz Dizxd L, 225AM % 28, 21 RUF8m/hak 2%, Z hidEER 0T EFRE (8
1R(6) ) #32.26 T, ZARD 1.89 % Ll -4 2 L cBEHET 2 (BOKIIM, 1992), BT, 2ok
SREHEF OB IHKOREABY, BOCHBEINILLATIHEL BRI 2 A EBUNSHET
%, &B, WEFEIC BT 5 BAREE ORHE & LT, OFFRKSHKCEGHRMAE L | BigTE T
3, OWERRBEESA» SKREECRBRL T2, D24 TH %,
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Fig. 1 FIRRKEBEMAER & HEEEOBF

Relationships between forest area being exploited and forest-road densities
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HERE RS 2 2 £EEBEK (G (/M%) &, BHEIEERT INRETHIAMMECTHRE S
NZEEEEL, (DRCRTHEEBERR (Co (H/m®), KRERMERK (Cs (H/m?), EHE
B (Crs (F3/m?)), AEEMFEEH (Cs (FA/m?), £HBEHK (Cs (F/m*), SHTEREK (Cus

(F3/m®)) D 6 B%s & 037> (EHFER, 1987 ; SUNDBERG and SILVERSIDES, 1988), #H X F (s)
WHESRB ERT,

Cs=Cos+ Cs+ Crs+ Cps+ Css+ Cus (1

(DR THERRORECEZBES T 2880, Cs, Cos, Cus, CosD BB TH 3, Cosk Cusld, #
EHEE O TEMBM R A AREROBA KBS L WERY, ScEEES L2, LrLxs
5, MBRIEERCE L 2EEITREL, MERBCHIET 2EEBEXR/IE T 2A%, (FEAEI X
DEEVATLE, VIR T4V ERACLEERCLIZEEY AT LDHEE LR A% H L
tTHERI LS, (DRCHARATL

MERMHEREL Co) i, MBRBLERETEE» L IFIHRDXEHALT, QR TREINS,
FAEREE © MEFPE R 1255 1 3R Table 23, MEEEEMMIZE 1 #Table 1021 5,

Cos=(rst+ms) » L/ (A V)
={(rstms) » KAV (2)

Ms=7¥s * Ds * Ny (3)

F222L, vl BIRE (F/m), ms ! EHFERRE (F/m), ps EEREEER, » @ 1 FCEEERM,
V I HipE (m/ha)

MOERMBEER (Cs) b, Co ERROFXTH IHFDAEZHEAL T, BEBLMOHAMIANE 2T L 7
WRATTREIND, HtE (ws»er) i35 1% Table 2808 E A3,

Ces=ws * ep * L/(A « V)
=ws* ep x RA"YV (4)

7fEU, ws: FIMUERR (m*/m), ep @ MHIFFEEE (F3/m?)
Cos 13, BRI L ORISR ONBICEEL5 2 5 2 &, AMICHT 2 Es—BELTH
2ZriEhs, GIMAAALK, 2OZLE, BCOFRKCHOPEBETLIHHIIBVTYH, FER
LWIOIRATEZLZBYEMKD I o2 B,

HEAEBR (Crs) 13, EMOXEE L HEH - EMEROBRTHE S n, EMEROE - TEER
0GR, ZARIZE) RN TTFISN D, EMEREL, ERREEBRERD 1/4, 3HARE1/2 L L1z, Bl
HEMEENE, EMEEEIZE 1 $Table 332 AWTEET 5,

Crs= (Tys+ L/ +Tf
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Crs= (Tys« L/2)+Tf;
= (Tys» kA/2)+ Ths (6)

22U, Ty BALEHESE (Fi/m'-m), T EMEER (FI/m?),

ANBEXEBH (Crs) 3, ABRMXBEORIEHE, ABWXER: RUMELEET 212005 @K
ABOBFETHRED, (DRGEHEY, QRNIBAEOHETH 5, B ABEXREIIE 1 HTable 34
TRV,

Cps: (TPS*L/4 *p?’l)/V
= (Tys kA" pm)/4 V ™

Ces= (Tps* L/2 xpn)/V
= (Tps* kA"« pn)/2 V (8)

fef2U, Tes ! BUABE®RXE (H/A-m), pn ! 5ERAR (A/ha)

EMBERER (Cs) 2BET S 72
Table2. MEFEREERMFOAERTF

V -corr and other factors for calculation BHOEMIERE, HEZEICHE
HAES (B TA2VHRERERBETE 1R
Terrain slopes (deg.) 6TV R TR, T e EHTFREE

Classifications
0~10 10~20 20~30 30~40

U (OATHL MEEEE
SF[EIER s
%’Eﬁi’r@? of skidding IEFREC (V-corr), SRMEEIE
=3 0.2 0.2 0.5 0.5 Table 2% w2, Table 20>
Skidding roads
g 0.2 0.2 0.2 0.2 FEIE & BTRIRE TR (B
Cable systems .
tRaryAy v, 1967 ; /s
SITHRRER K 1.0 1.5 1.5 2.0 EER
Walking distance coefficients %, 1983 FEFH S, 1985 ; FHbkEr
57
1T (km/h) 3 2 2 2 F SR, 1987) A5%w,

Walking speeds
T B 1.75 EBEEEERK (V-comm)ii, 8
V-corr 1$4.6.1 2 SEDT,

5=S* 1+7%") (9

fetil, S BMERE (m), S, FIORETEER, 7 SHEEE
Kiz, SR MERD S BBREM Y AT A BEIRL, EM VAT LAJLCRES W EMEEEK
DOEMBEEET 5, BV AT HOBERIE 1 Fig 54~55, v 2 7 LB OEM BRI FRI®R
Table 35%FHu 3,

HBATEBEH(Cws) id, BHITRBICET 2 T BRE - HUMBREEET 22D OHERAROBGRS 5,
Q)X TEET 2, HITIEMEYK, $THEE R Table 2, BABTHEHIIE 1 HTable 3205 EEE %A
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w3,
Cws=2 Sy * wk * (3.6/ws) ~wc *pn/V (10)

7erZL, wk i BITEERMASL, ws BITHE (km/h), we ! BAHITE (F/As)

2.2.2 SEBRROMERURERERE

FCEBES (G) 2R 5, MEBHEREN (Co), HERMERE (Cw), EMERR (Cs) A
BEREEE (Cs), EHEEHR (Cs), STEEE (Cw) OREROREE2IT 2,

Fig. 2~ TR () 207, HAFE (V) 250 m*/ha, 5@ AR (pn) 300 ADZEAR DR % F)
i, Cs BT 2B ETRT, Cold, MERBTERCREREVSHLONBETE L bz, 7
FAXSEHEHERE (A) oK O TRFEIHEY L, ADKME & & ICEPEE T RECER L, B
DELREWHNT 200890 5, Fl2E, #iE2 %Ki, 10haT 13366 H/m* TH-72d DAY, 100 ha
T 5164 F9/m?®, 1000 haTit 1995 F/m® 2% %, FIBRICPESERRE 1E 3 798, 1467 R UF 567 FI/m® THRE
32 (Fig.2), ZOERE, FARKBKAOBRBENAE {20 KMREIEAT 2 2 &85, LAERKIC
L ARBEERTIRICT 202 EMT T d, BN, AREOATHLERLAPICs BAE L,
FRE 2 #&I3 19275, 7780 RUF 3141 FI/m® k% %, Table iz, Cok A+ 3B ERMFIOMBRE S
FEE TR/ D, CusldCos EEBFOMERIZET TS, Cos IKHNTBOTHETHY, AWK T I LITZL
AETERETE RIS (Fig. 3),

5000
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i(é : 2000
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B KB AR T R
Area A (ha)
18 T T T T 1
1000 2500 5000 10000
PRIELE

Length L (m)

Fig2 MEBHERMEOKE , .
Characteristics of forest-road construction costs functions
1) ZZAR), 9120, V I250m% pn:300A

Notes: Go-back type

—_— 1R — HE2& —, HE3IK. - , TF¥EMGE

1st grade 2nd grade 3rd grade Low-structure
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Crs i3, % 1$#Table 3305 B TE 228, HIEMEEHE (Tw) LEMEEE (T TRELHO
Ty AVNE L, P> TLOEOERBE CRIABRITRD B8, 52 AII2AD 100 ha TidHGE 2 #) 852
F/m®, fR3ERRE 1119 FI/m® 23, LA3E < 732 L RE W EFBOMEOEMELE L, Lv38200mK D
WET S 1000haTid, ZRFH 1062 R1F2005F/m® & 250 % &£ 725 (Fig. 4), ABICHART
AR D EHE DS HAG T & 2R AN, 1000 haTHRiE 2 8% 1002 F/m®, {EZEMGE 1750 H/m® L2 3
2, LHEOWIL H-> TRE ZERIPFTE R,

Crsid, Crs L RIBRDIER 2R L,

Fh# 2 #&I3 100 haT 226 FI/m?, 1

000 haT 872 H/m® Xt L, fE% Table3. HIAERIAOFHRE
Construction costs by terrain slopes (yen/m)
I3 562 R 2170 H/m iz %%
HPAER ME1H MWE2HR HRE3IH  FENE
D,ADEMNE L b, kst o Terrain 1st 2nd 3rd Low-
slopes grade grade grade structure
£ EEMEOBAD#H» DL
. . . | 0 19717 18 270 15 892 5790
DR E o (Fig 5)o HREEL, 10 34665 29410 23014 8840
EXEERE OGNS VHRETE S 20 63193 48 812 34129 13 869
30 125 086 86 843 53 424 23145

@ T, 100 K ¢F 1000 ha T 170 &

250
— 200
E
~
g
> 150 p
B g
E O
ooy 1
£ 8 00
k-]
=}
5 50
0
10 50 100 500 1000 5000
Fi A X AR AR T A
Area A (ha)
[ -1 | T T 1
1000 2500 5000 10000
BEE
Length L (m)

Fig.3 Mot/ B oK ,
Characteristics of forest-road land costs functions
F) Z2AR, 9120 V I250m3 pnl300A
Notes: Go-back type
— R — B2 ——, MBI - , VE¥MGE
1st grade 2nd grade 3rd grade Low-structure
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Fig. 4 HEHMBERORHE

Characteristics of wood transportation costs functions

) ZEAM, 6:205, V:250m?, pn: 300A

Notes: Go-back type

—_— bR, — E2H; — I - , PEEE

1st grade 2nd grade 3rd grade Low-structure
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Fig.5 ABRXBEKO®E ,
Characteristics of labor transportation costs functions
) ZEAR, §:20°, V @250m3 pn:300A
Notes: Go-back type
, PR LR —, M2k ——, HE3IET - , VEZEpkE
1st grade 2nd grade 3rd grade Low-structure
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Fig. 6 SHEBERESITEBEROEE

Characteristics of skidding and walking costs functions

) 25AR, 61200, V :250m®, pwm I 300A
Notes : Go-back type
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Fig.7 4SEBEWBBOFRE

Characteristics of production costs functions

) 25AR, 9:20,, V :250m®, pn:300A
Notes: Go-back type
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T 15000 F
~
ol
o8]
2
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+ w
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o
2
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g
ﬁi:
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FiF XS KT A
Area A (ha)
oE 2 #% TEEME
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Fig.8 4 EBEOHEAR

Composition of production costs

77 S:L |- BN, FERHE ;
. Cons. cost Ccs Land cost Ces
8. : . \e%x%.
<« Wood trans. cost Crs o Labor trans. cost Cps
\ T B sow
Skidding cost Css Walking cost Cws

18686 [H/m® 25#kil 2 OB % 5,

Css & Cys 1, SREERE & MRES CEAMICHRE S 5 H5EFE DO#E 10, 100 2T 1000 haTd) Css i
2117, 2962 18 3381 F3/m°, Cus i3 279, 723 B 11872 F/m® k72 1, ADBIINC Cws 13 Css LIz
B 5 (Fig. 6), #EEEIE, EESEOALFIRABAI 2L, AR rEAEEOACHL T,
Css 131883, 2645 RUF3132 [/m®, Cus 13194, 480 2181189 FI/m® iz %2 3,

Ces~Cuws DEBBBTH 2 Cs 13, fEEHBED 34 ha, 6 735 [9/m® 25/, AN > TIXAL,
100 ha 6 904 F/m?, 1000 ha T3, ARl 2 K0 9213 H/m® BSE/NEEE Iz 3 (Fig. 7). C O
WRERLAFig 8ok 2 LB 2 8k, FEMELLVADBINC L 2Cs DN EL L, B 2HTI
100 ha, 1000 ha THEFEE I H® 2BIEE 52% 0 5 22% 2 F W L 7co ADBENNZ 1, Ces& Cus 93Cs ©C
ss IWHERTHRBICRIE T 2 2 &%, Cus, Cus, Cs DOTHOBRALEHTELZWI LBHEHTE 5,

HUEDERDSHS MR L I, IOBITOMRERELIRET 2 AOERE I, 0<FEHE = <636 ha,
636 <Phil 2 < =3123ha, #E 1 K >3123hak o7,

2.2.3 BE

G %6, V, pneZbswT, FIRAREFFOBE L RESEOBREEET 2, FIARKRGHER
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& ZHREREOHED - HDHE Table 4. FIFXSFHFAEE I & 2 HREBEEOEREQ)
Determination of forest-road standards by means of forest
FEE#ELTable 4o . AEESR areas being exploited (1)
ik dE, MERBCHIET A X5 HiiER =27 ST PRiE 2R ME 1
Classifi- Terrain Low-structure Znd 1st
DB, HEERIE L Wiy, cations slopes grade grade

HESDRVE Y, ERRHIZe R

Connection type
ABED, ZhFRKEZEE (a) 00 0~( 64) ~ 44%ha ~ 623ha 623ha~

10 0~(108) ~ 748 ~2338 2338~
Kota 2O, CERET o e e 2

Cos DHEBEDRKESETTEVLZ 30 0~(141) ~2 334 2334~ —
2, Cos DREE R HDI2006, V, (b) 0" 0~(35 ~ 244 ~ 357 357~
B 10 0~( 58 ~ 409 ~1339 1339~
P 2.2.2 LRFMFE L, BIRE 20 0~( 41) ~ 701 ~3578 3578~

212 UTHRELIE253,0< 30 0~(70) ~1286 1286~ —

72IA
PSR < =316ha, S16<HE2  Gocback type

< =1573ha, ¥:E1H>1573 (@) 0 0~(32)~ 223 ~ 312 312~
10 0~(52) ~ 373 ~1169 1169~
hat b, ERLIZITL/2 ET 20 0~(34) ~ 636 ~3123 3123~

Lz emod, CoDEEOKX 30 0~(60) ~1165 1165~  —
N b 00 0~(17) ~ 121 ~ 179 179~
s SUEfT LS (Tabled), " 10 0~§%%~2M ~ 6710 670~
EARRDITHAM X DR E WEFIC 20 0~( 18) ~ 349 ~1788 1788~

30 0~( 31) ~ 641 ~4728 4728~

5D, RCATLHEEWVWED
B o bt B o BB A AN
- $Er S - . (@ i m?/ha, ¥ a,
Kl R LB DTHET S Moo, DiE00m/ha, 500K /haDBATH L.
o otes: rentheses show areas for minimum production costs.
2, 0=20" LTV %250 — 500 (La) I Log vaolume, S'250 m37ha : L;bor volume, 300 people/ha.

m/ha, pn % 300 — 500 A/ha i (b) ; 500 m*/ha, 300 people/ha.
Elhaei 25, £ERIZ 100

BV 1 000 had fEEEMHE DB 6 903 — 5292 F9/m?, 10 022 — 9 052 FH/m?® Iz Z 4L E i 14% K U 109638
WUt VORMIMTEEREZRL S8, pnOBINEHCEAS L 2 EREF DY, ValpnicthRCBE
BEHL I LR, FHOKE SRIOMi» o525, VOREXEVLI L, Cs Wb BETIRTTH
ZIEhobHEBTE D,

Cs /b3 2Ebkti D Ay, Table 4T 17~141ha, Table5Tid 2~67 hanEBlicH Y, & D
Bifgs o b, ik DCex LOBBOEIZRTH LI LN TE L HERKERET 2ADEE T, Table
4 FVD L I, KEOFEEKEORAN AR, GEB/NE T 5Table 40 () BEH—DDOHEE
W BN, TR OBBRTHRESNS, NEVLATE, HE3REHKEZELIGIBNELE
FIRHERR W2 208, BREOEICEMENMENI L 85> T, TORBOATRIFEMEL D bE
C i@z, MB3HRIEAMLEARL L GEBIRSNT, ZOREEENEYV,

IZETOHRETHE, AvTablediomL: () B OREEL NS, CoNRINT 2 HEORAH
ZAZHRCOATRVLOT, UT, ToAEL THFEET 2,

EME, WEEEBEBEL TS v 27 T2 08— RBNTH S, LrLass, BECISWRAK
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Table5. FAXBHRAERIC L 2HEHREOHREQ) BHREMEREARE, 525275
Determination of forest-road standards by means of forest
areas being exploited (2) T —F TG TNEREITY,
X4 MR Ve ki MoB 2B B 1R My 2 CEEMS AN D20
Classifi- Terrain L W-stru)CY 2nd 1st R .
cations  slopes 0 Uure  grade grade T, MREIC L 5EM LEERICL D
HEEE NEROBREEETL, V727,
Connection type . . R
(@) 0" 0~(30) ~ 221ha ~ 312ha izha~ 777 CIRRERICLSEES 2
10 0~(54) ~ 371 ~1207 1207~ T LADEEBBEEOREL, ROFE
20 0~(39) ~ 634 ~3150 3150~ .
30 0~ (67) ~1162 1162~ —
) OfF R 8 1 QORI
) 0 0~(5~ 119 ~ 179 179~ L
10 0~(8) ~ 202 ~ 693 693~ L, ZOFBRIIHELRFU LREL
20 0~(20) ~ 347 ~1800 1 800~ 720
30 0~(34) ~ 638 ~4727 4727~ OB ITE 1 HTable 37 L,
Zh A FHSTEREMEEO 2% L
Go-back type
(a) 0° 0~(15) ~ 110 ~ 156 - 156~ 7z (ORI, 1993), AL,
10 0~(26) ~ 184 ~ 604 604~ B0 FIHIB O TRt 5 B8 L e

20 0~(17) ~ 316 ~1573 1573~

« K-
30 0~(28) ~ 579 4140 4140~ (R - KJIIAE, 1993

GuEMEIL, 2 1%Table33n#

(b) 0 0~(2)~ 59 ~ 9 90~
10 0~(3) ~ 100 ~ 345 345~ PLEMEENE, EABEEEZ W,
20 0~(9)~ 172 ~ 900 900~ N7y 2 EROEMEEREMEL
30 0~(13)~ 318 ~2370 2370~ "
Z . N 75 ~ ° N N +
3. (a)tiﬂjﬁ%%()m’/ha, ﬁ“fﬁ&éﬁ%ﬂk/ha. @)\Eﬁﬁﬁg%biﬁkii, f’ﬁ%%
(b)i3500m /ha, 500)\/}130)%1:1 Tb 50 ﬁﬁ %;};({Tj— é k L/ "Ci‘fﬁ’%b:ﬂuﬁ

Notes: The values of this Table were calculated by estimating for
half construction costs of Table 4. Parentheses show areas for
minimum production costs. (a); Log volume, 250 m?®/ha; Labor L7z,

volume, 300 people/ha. (b): 500 m*/ha, 300 people/ha.

O 1 /NI 7 — v — ¥,

Foog, hRITZ 3-8, NRI7 TS OEMY AT LEREL, £ 1#HTable 5 o HE2H
ELT, BMNEMBOEMBIC L 2EHAE L, Bk, FEB2 3N —v—5F, hBI7 37—
&y N7 x T, RN T T FTEEM VAT ACHEL T,

HEREE % Table 617" 7, Table6ix, FEME L EERICL2EEV AT LD C 5, HEHADA
PROLLDTH B, -7, REEMSNILHEBEL DB LHE I, FERCIZEES T LN
" Z 2 EBW®RT 5,

BLYIEOLWFEROEEY AT ARRAT 2HEONBEEOAR, FEREDC 2RANNET D
Table 4D#HE LT, FHBE D, HBERSE L VIZEARREWEmEZRL, -7, fF
#HEDORRN R AIZ, Table 4 () FSOEEERE/NNCT AL D NEMIZL 5, Fig iz
e UTZAE, 61207, V :250m*/ha, pr 1300 A/had s 2774, ZOFITR, 9BI7 4 7 —F <=
2ha, 2< 5279 <=21ha, FEME>21hat b, HBATOHOCs iX 6338, 6815 F/m® TH-7e,
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Table 6. R¥HE & BRI & 28 S AT 4 OF F KRR ERE
Economical forest areas being exploited for skidding roads compared with low
-structure forest roads

5 HoFp S HE - YEHERE 2 TE%BE 3
Classifications Terrain Skidding roads
slopes 1st 2nd 3rd
(r527%) (hf 7 37 UNBIZ %7
(Tractor) -5 — %)

(Forwarder)  (Forwarder)
(medium-size) (small-size)

pi: il
Connection type
(a) 0 35ha 13ha 5ha
10 60 27 13
20 47 39 21
30 49 61 31
(b) 0 15 3 1
10 26 8 3
20 24 15 6
30 25 25 9
220 RY
Go-back type
(a) 0 17 5 2
10 29 11 6
20 21 17 10
30 22 26 14
(b} 0 7 1 0.5
10 13 4 2
20 1 6 3
30 11 11 4

) @A E250m /ha, F5EIR A #300A/ha, (0)IX500m /ha, 300N/ haDBETH S
Notes: (a); Log volume, 250 i/ha; Labor volume, 300 people/ha. (b}; SOOm“/ha 300 people/ha.

PEZERE 1~3 OEARRIX, 727 & OFEEE 1 H—BEICZESR L, 25 D EORERTRFE 7 +
T —FOVEEE 2 ER LR DBEVH B, TIFEROC WREZ RV, N7 4+ 751230 B2
ZABMT, Boi/EROATERLREVEEL T,

Zho DRER/RL S, HEEF2HED T 288, MEEENCE, FFhall LoA2HF L &idn
ERFWICETFI LY, MBS T2 0L LT, BEEOEENREDLBEIERBR I N, K
EOMBRE PHRITOKEDREFICMZ 5 2 LB TENE, HEFBCHT 2A0EHED, FHBRECT S
b, FHRENPLET 2 LHOERERT L,

by R T A RFRHE L CAEEROBRERTo o BH (B0 - KNI, 1993) OEREHET 5 L,
KT T Crs & Cos #CITIIET 2 2 LT, BHEBOMBOBMSE L SR LI, BhAs, V,
Pk 2.2.2 LF&MEE U, ZARITHERT 3 £, BT 0<{F¥i1<=183ha, 183<{Fithiti<=
1480 ha, #kH 2 > 1480 ha L FE S 705, BB TIX T T~/ £ 218, 0<fE¥EK 1<=21ha, 21<
TEFMRE= <636 ha, 636<HRi# 2k <=3123ha, B 1 H>3123has 2 h, ADRERKFEETL
Pro CsizBF2Cos b Cus DEEM, ZhhsbBffFshizbwni b,

EETTR LIz ADOEN L, F 1 Table A EH L, nH’LT HBHECHET 5, (E- T, HHEICE
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10000

7500

S ER
Production cost Cs (yen/nr)

5000 |-
2500 f—
0 l ] |
0 5 10 50 100
FI] F R SRR
Area A (ha)
[ T I | 11
250 500 1000 2000

E E
Length L (m)

Fig.9 {F¥ME L FEROEEY AT AL L 2EER

Comparison of production costs by low-structure forest road and
skidding-road systems
) ZSARE, 6200, V :I250md, pm i 300A

Notes : Go-back type
, ERERE | —, ¥R ] —, {F¥EE2. - , TE3ER3
Low-structure Skidding road Skidding road Skidding road
forest road 1st 2nd 3rd

G AHMERBOERE LTORBIZATHVEZ LIZTE 505, Bx OMESERSE TOFEEIEE
BT & v, fH 2 OFERE T, ERROEE 2R A 2B, FERBCHETZALLERAVS
ZET, IDREORVEENARRICKR 5,

2.3 BARBHIC L BHERBORE

2.2 T3, WEEER L AKEHFEHEROBRTRIT 5, HACKO RO 28 L ¢, BEo
MEHBOREZT o/, BEITIE, 2.2 285610, F1#H3.3.2 THEFSHKOBSLEALT, B
BEETOAMFE L HENTER 2 HE L oEBem KR £ 5, HEESEOREOMERE
DWREERS B L & b2, EEEBROFER*EA L AEBERC BT 5, HERE L ARERIHKES
DOBRY, EEHMERTOMEEERBKELBRIT L,

2.3.1 SEBEBOEZREZORE

(1) MESAEUE DIz D4 EBRBE
AT, BEROMEREER, TECrPbSTH— LA LD T, EaME@E L TR—HRKE
L7z, Fl—B&48, E—3R0%E 213, HREBHETE—RNTH DEBIBI RV, LerLads, FLK
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BTOLARMBEROHENZBRIEKSBTAS2Hs by, BRISE2FAHK LT 20
R BHEDH 2, HEOZBERER, FIAARTLHENFIFCREL (RET 3 &, YERMO L
OFEMEROFAABHAERIC K IND BEBHFRX, 1987, DI & ELTIE, FB1#3.3.2 THE
MESTEDCE 2 Rz, AMHE & RENZRRE 2 BREETHEL THS I Lic, ZETTIRE 1R 3.
3.2 DFHAER Y S BREEOMBEOBRL 2TV, #f¢ CEMER - ABBXRHEEIC & 2 KENTHE
B TR FE %78 L THERRE2RET 5,

Fig. 10ic Sm#IE L BHED 2 BEOMED 54 5, HERKEPRET 2004 EEBEROBSN S
T, MEREEEART ZAMPHER L EREHBE L HANB o AMERLAE T3 L, MK
CRE LN BRI, ¥, BRBMESEREMES LS, COBBIR, AMEEREVE ST
BRE TR CTHEDGY, REBHIER LB T 2 L AMRESSRCEL T 50T, g0

- (m
g
=
§ (A)
= (t)
¥y
iﬁ 3
£ (b)
g (a)
E (B)
& & f # =
Beginning point ' Ending point
P OMEER
\ Length L (m)
) . L}
—— EEMHE  ———e— EaHE  —
High standard ' Low standard l
forest road forest road

Fig. 10 HEFUEORED - DL EBRBOBEN

Design of production costs functions for decision of forest-road standards

X 5 SRS RIE {BEREME
Classifications High standard forest road Low standard forest road
HEE —_——) @
Forest-road cost
105 - SN S LSRR ® e (b)
Trans. cost
LR M (t)

Prod. cost
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MzorbsTAMKE AL, FTROBEIBAKICEL Y, EMBE L ABBXBOEXERL, BX
REN W BN 2 BEBOMESEREOME L UERCELH (BEHFX, 1987 . SUNDBERG and
SILVERSIDES, 1988 ; bRiéR, 1990), EERMBT L HENTER OB X -7, HHIMIZIZEA
Uiz Wil e g 2 B0, - T, MBEAOARBEIL, BEOMILE DOh THER» S BRED
HEANORTH, BENCEENCE S,

DT, SEBRBBOREDBEKNGHEICDVTRS, HEHEEZRET 5 LEEEH (C (H/m?)
i, MOERHEER (Cc (F/m), MERBLERK (Cr (M/m?), EXEREK (G (/m%), A&
BN (G (H/m*) %z, QDRO4EHE» o725,

C:CC+CE+CT+CP (11)

EEBREBL, MEERBOERICHEL T, REEMICHARERET 20T, 0 5BEBIEOK
HMRBEORBM L LTH3rnd, C, C dUBKBEHET2AM8EHL, G, G lImsta &
M TEA SN M TH S,

B K (x) OBEBBNORERER (TCx (M) 22w THAT 2, RKEMHERHE (TCosx (M)
3, PFARE (u (H/m) KHFERE (ma (H/m)) 20z, TACXEE (2« (m) 2RLE
5, WATF (5) BHEREERT,

TCosk= (rsx+msx) * L& (12)

PRERERE, 5 193.3.2 OBEMEE 7 A2 o XHE OHMBAEM £ Ko, FFRTable 2305 EM M2
SHET 5, MFEERI, B, FHENTEREE (o) RUKEREHHR (0 E)2oXATH
< o

Mk = Vsg * Ps * Ny (13)

XA g (T ()i, FRBOBRLEROFHETRD 1 XEOMEMER %, 5513k Table
8D BB ARA L THHME (ww *xe) KD, Lx2RUTHET 2,

TCosx=wsk *ep* L x (14)

XERENE (TCrsx (M), 5 1% Table 30 BLEMEHE (T (FI/m®-m))iz £ « & XHE
HE& (wh () 2EC, AROEMEER (T4 (FI/m*)) B EM2THL. ki, EHBEEEIX
R AEML TH—ETH %,

TCTSK: TZ)S * e K * wtK+ Tf:g * wtK (15)

XA BEXE (TCrx (1)) 13, XREEME L FRROF 2 T, 5 1 #HTable 34 87\ B#x% (T
s (/AN -m)i e, LXKEAREERE (One (N) 2RUTRKRD 2,
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TCPSK: Tﬁs * fg*png (16)
-7, K (x) OXBRER (TCx) 1X(12), 4)~18REMZZANREZ 5,
TCSK = TCCSK + TCESK + TCTSK + TCPSK (17)

B 5 XM () 2 TERT 286, 1DXOSEHL, A0 >0RKERBEORBML LT
Boh, BUMBERL L TA)~CDRTEREINS, wh RESALERT 2HHME (m*) THS,

b

Cesk = El TCosic/ Wiy (18)
p

Cesk = kgl TCpsw/wiy (19
b

Crsx= ‘z] TCrsx/wiy + Tfs (20)
b

Crsk= ;:]1 TCrsk/why (21)

HERE S EERESRE1)~CDAT, SEESR/NNCTIHEPHS LI R > 7-OTRET %
£, QORNTHEBERNETOIMERBIC L 2EEEESR (C) 2RTILNTES,

Cx=Cex+ Cox + Crx + Cpx (22)

BROBRTHERSER S 555,
BRRICEE LT, EEBESMEVXEIECE
BREEF (R 25252 T, Q)R
RTE& 2, Fig Lo EEE T 28850
BAR%FIR L, BEEF|%Table Tizrm¥,

:
®
P Do

Fig. 11 4EBEMERZHHET 3 OHEAK
Design for explanation of production costs
function
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Table7. S£EBHEH*HIT L0080 ESE

Production costs for explanation design of production costs formula

g (XMH) 9 —9(4)-
Courses(Sections) 1-2-3 1-2(4)-5
N tmsi)k b | (rotma)* b (raitms)* b | (ratmss) * b
HEEHE  (Co) U +
wh wita wh wis
Forest-road construction, repaiar and maintenace costs
. s ¥ b ¥kep wsakbkep wakb¥ep | wssk bhkep
PREFME  (Cosn) 8 +
wh wiy wh wiz
Forest-road land costs
EHE (Crse) Tvs* b % whljt Tvs* L* wty TS Tos*k 61 % wtlu-j-to’l‘vs * L% wis LTS
0
Wood transportation costs
}\Eﬁﬁg (Crsx) Tpsk &% pru+ Thsk L% pua Tpsk L% pra+ Ths* s pns

. wlo who
Labor transportation costs

EER (H/m?®) Csx=Cesx+ Crsk + Crsx + Cose
production costs (ven/m?)

(2) MIEFEEBHKERN O »DEERBH

MRERE QRSB RUE T ERAN LRI, FAROZMAICN T 2 B REROERTEL 3,
EMER L, EMEBOERTEM Y A7 LADKE L EMB OB, BHFOHEMFEITIZ, HABT
FEZEESC2MRERD. Ko T, RIROFEMBORMRNTRBKE X THANEERE, (22)
RICEMBEER (G (F/m*) CBTEEE (Cw (F/m*) Ml @)X THREZNS,

Ck = Cex + Cex + Crxe + Cox + Csx + Cue (23)

(23) K2, FrERBOMEREEHERELRET - OOLERERLOT, FTEKEOLER L T
5720, 2)AOEMEHT Q) XN THRE L HEREBICHEL TEH~ QN A THFEL, Cux L Cux &
FHEXKROBHMBTEET 2 L ICHET 5,

CCK = é} TCCK/T/UfV (24)
Cox = ,gl TCox/ s (25)
Cre= é TCre/why + TF (26)
Cpx = él TCr/wty 27
2.3.2 HEAHE
(1) EHE=FIE

MOEBSEIEEE OREDHBEFIEL Fig. 1210773, &k, WEBHEREOBECHED, HiE
W E 7L OBE, HEFEBERTFEORE 2T 24, MERICKEESECE UBREEHE ()
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BB EBIR R RE

HEAHEXRORE
Selection of forest-road
networks planning area

Kl T L OME
Building of Digital
Terrain Model

A

HEEHEEFORE
Decisions of forest-road
networks planning
factors

|

REERHE () OER
Making of road-route
location planning

L

PRGRCIR 3 () D FF(H
Evaluation of road-route
location planning

!

HEBEES (R)DIER
Making of forest-road

standard distribution

planning

)

HAEERR/KRONE
Calculation of optimum
forest-road density

R R EORE
Decision of planning of
forest-road standard
and of its location

g3

- HERBOER 7 7 4 NERK

Making of boundary file around planning area

HEHOERGLE—EHBTT V54 XL, BFS
DEE 7 7 A WER
Making of height file of grids by a digitizer system
R T I D oBTFEOBEMT 7 1 VER
Making of terrain slope file from height data

- FEEEETF. FotOHNEFOMERE
Decisions of values of forestry management factors and other
calculation factors

c FRERR RN, MURENFORE
Establishment of forest-road costs function and skidding
costs function

M REFEOHENRE OEE
Decisions of wood tramsportation unit costs and other unit
costs

- B EE (R) 2 MM i fERR
Making of road-route location planning on the terrain map

cBECUEEET > 1 VOER

Making of road-route coordinates file

HBFHED ﬁg,% AR T 7 4 NV OVERR
wood and

ing o abor volume file every grid

- BSER, MHERT 7 1 LVOVER
Making of forest-road length and transportation distance file

- Bk, ARWER ”

Making of wood and labor transportation volume file

- HEER ”
Making of forest-road costs file

- X, ABWZER ”
Making of wood and labor transportation costs file

- FRERRES ”
Making of forest-road standard distribution file

MR SCE. %3 s ”
Making of forest-road denmsity file

Fig. 12 AESRSECERNE O RE DG EFIE

Planning process of forest-road standard and of its location
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BERT 2, Rz, BREEEFE () 2570 L THRESKRES (8) 2FERL, BECEZ 2HhER
BTHEESh-EENHEMOLEEY» S, REFERBHEKELHEL, WESRERETEEREL T
VT35,

avEa—FERVT, BREE Y BBNICT ) FHEOMRICIE (FHE, 1971, 1972 ; HEH4EE, 1982,
1983 ; ik - #5757, 1983 7k, 1983 ; KOBAYASHI, 1984 ; /Mk-{=% H, 1991) Z#h D, KRB E
AR b DR D055, K XOTHEE, BHEEEOHMEFERORETRLEL, I50DFET
BEEXRESNIEFEECNLT, MERBRERETAILH D, -7, FRXTIHBRA~DRE
BECEEER, PEOBRMEBOHE BB L DFEETITI L L,

(2) BA RN CHEETE

KECHRE U AERBREER LK, F183.3.2 THRE L ERK, BR, KIFEREE
HOBEEME TH 5, sHEREPHEHTEOMBIEARDOED TH2 (5 1#HTable?), LEBEBK
OEES, BTHERE100m =« 100m (BL5mm= 5mm) OEAEORKT AT, BdsFEED Ak
TIT-ROTERLEV, 2 ITHR, EMEERBRUCHITEEROREELHAT S,

EMBERERORERZIROFHTIT) . TN TOMERBERRE (¢) TEEFR (m«n) ZDWT, (28)
ARTHEFEALOKEBE TOREIEER~ M) v 7 R (Dun) 21ERT 5. HEEHEEHFY () HEO
REBEE#E~ N v 27 X (Dpme) 13,

g ovvereemmeeeemrreneenees Grin

dlzk dijk dmzh
sz‘nk =

P Ao

L7 b, BTAG (GXi, GY)) OSEMEEE (Si) &, REERERE (d.) UBETROMPER
HiG3 5, Table 2DEMTEE () BUTKD 2,

Sz'jk:dijlz * (l+77’) (29)

iz, EMEERE (Su) & 2 OHUSOMER > SRR TFHEERRAL T2HTOEM Y A7 A 2 BIT
%, BB#EM Y R T AOBRIRIZE 1 HFig 54, RHFig 55TITv, MET 2 M8 ix, F#Table 350
EMBBER > S BHT 5, o T, UTBTAOKRENE (TCsun (M) &, WTAOIABEOEMN
BThrHME (wvy () CEMBE (Vo) 2RUTKDEILMBTE S,

TCsijk: Yci * W5 (30)
HERHIEF () BHOHEREEAEO Ca 13, 2B TROREMNE LBHMES> S KA TR T 5,
Co= zzﬁl JZ:; Tcsijk/iz: jz:lwvij (31)

MEBHIEFD () BHOBTFHEG (GX, GY) OBHBTE (TCuw () BROFETRD S,
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9, HTRAOHMBER S S HITIREBRAE (wk) 2ED, THCREEEER (d.) *RUSTEEL
BT 2, ROLBITHER L HTHE (s (km/h) 5 SBTRME2H, ZHICEIHTE (we (/A
s)) LHERAR (pn, (N/ha)) 2 U, FEOER LT 2 I L TRETENEETSE 5, HITHER
B R UBHITHE I Table 2, BABTEICEE 1 #iTable 205 HREL AV 2,

TCu’ijk:Zdijk * whk * (36/1/{'8) * We * Py (32)

oT, ) BHEOHEXHEKED Cu i3

3

i

Cun= ! g Tcwijk/g’ll g‘l Wuy; (33)

Lz,

2.3.3 4EEBEHEOWERUVAERER

(1) WEREOREER

HHRBIEEBRERRCKECES T 83 THId NS, 2Oy, FERE%R—OHERE TH
BT D ERE LI:RFORERE (F/m) 2R3 (Table8), Z#ic k3 &, BROME 2 HKOBKE % 100
ET 5L, B 130, KH5 458 Lix D, MBS R ARG IS TRV, F—XKETHHE 1 e EEK
BT, 4.1~6.6 fEOBENH D, HESEACELEEHBREOZIAE L, UT, GFROFEH0C
FEEBBOFE RS,

AEHEKO S B, (18) L (19ROGHEATH AHEREE, Fig By o sBonik X 5, BEK
RIOEDL 2N TRBICEAT 2, Chid, HASHEROBD TER & T 2 K10, B
FREL7 0 TRAN S SFRBESERNICHAT 2 oicix 3, 220, HRSAERLHAEREON
fREFig. 14T 5, Ml 2 #id, 500 haT 350 F/m® 243 100 haT 1 650 F3/m?, 10 haTid 10 600 F1/
m* RS B, (FEEME b RIBROER 2R 2%, BRIIMAE 2 Ko 3ERED 110 M/m?, 510 F/m &R
V3240 /M’ iCk K& B, MERIIBEBEROBINED b, AT ZES aBROEMIICL 5, M
RAMEROBA CBBRCRICT 2 L 8EBTE L),

Kz, EMEEK(200:0) £ A8
WA EMK(CDR) OR% % Fig.

15, Fig. 16 CHIAT 5, MBMOE
Table8. #EBm7IBRE g iR

Construction costs by forest-road standards (yen/m) BN A— 3, EEIEEE Wik
w "om N 0T, FEROBAEELIZERD
Classifications Takahagi Hamamatsu  Oodochi
Wy 5, Lalkhsis, BikEl
PRiE 1 4% 40 083 54 786 248 082 )
Ist grade HRFREROBI I —H T 5%
B 2 £R 33029 42782 151 201 . . .
ond grade 5, EXER IR OSEANI B E ,
PISEIRE 25032 30 481 80 348 WEOBHIZ %5, ZoflTE, &
3rd grade " .
fEghil 9766 12 261 37 400 MEITAE 2 i, ARE S 1

Low-structure 000 mT 840 f9/m?, [FIKEIZ 3 000 m




ol
bl

MIETE
Forest -road cost

HIHEARIZ 810 5 MOBBRERRFAT & MBS BT 2T (B2 ) (B0)

Forest-road cost

Cesk + Cesx (yen/nr)

Cesk + Cesk (yen/m‘)

BHES 1 53 %58 H513
Route No. 1 No. 3 No. 8 No. 13
8000
6000 -
4000 |
2000 ¢
0 1

1 A L
0 2000 4000 0 2000 0 2000 O 2000

BEAREC A & D

Distance from beginning point of route (m)

Fig. 13 #EHE L ER (HK)

Forest-road standards and forest-road costs (Takahagi)
— P2 — fEEME

2nd grade

Low-structure

o)
o)
o
8000 | 9
. o)
o)
6000 * .
o
4000 F )
...
2000 }- \ % e
o
Se.d o
0 1 ’ .
0 10 100 1000

PR AR IR

Forest area being developed (ha)

Fig. 14 FAFFHAMER L HEFEOBR (B
Relationships between forest areas being developed and
fores-road costs {Takahagimain road)

O, ME2HK @, fFEEkE

2nd grade Low-structure
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= BRES 1 ES3 #5 8 #5513
E Route No. 1 No. 3 No. 8 No. 13
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> 1500 F
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= 500t
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BEARED 00 & DEERE

Distance from beginning point of route (m)

Fig. 15 #ERE L EME (&)

Forest-road standards and wood transportation costs (Takahagi)
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Forest-road standards and labor transportation costs (Takahagi)
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T 910 F/m? 5000 mT 920 F/m®, fREEEMBEIIME 2 MOKI 3I~5EIL THR L /2. ABBXBEE
—PEBECLLEE T 3 &, ARIE 2 $R43 280 FI/m®, 560 FI/m* R 1 610 FI/m®, fEEMGE L 7 D8 2.5 fE Dk
THBL, EMBELERCI00mMEBR S ERVBIML 2V, FEHETIMBEI S LEHER
87 (M/m+ha) THhaDwxlL, ABEEBEIIHN2.5/ED 220 (M/m-ha) £h35Z 05, BED
HOBEWEREORETE, ABREBIEHETELVWEALOBSH 5,

Fig. 1713, ABROFEMEOEEBOBR R AT D TH 5, BEMITRETEIK S WEHED
KBS 2 ED, KT, ABWMEIBOEMHI S, 1500 m{THET 1000 H/m* &L 2 0% T 5,
HEREL, EMBECABRIBELIRSIERNERL, 4200mHEE TRB PR WEHTHEBL, %
DOHEBELUEERESEET KX 5| & LIF2ER K2 %,

Fig. 18i3, HMERB L EEBOBFRERLIZ O TH S, ZOFITIE, il 1 ZHBESE»S 1548 mi
TEZTCEIHIVRLERT, BLVEAZRBCR> T3, Pl 1 #03, SAFEE:Y: 0 OBRE
&b EVY, HRAFRHEESLVGERETE, BUMEERTH 2MEB IS OES /N, B
AP ABRXESRLERLZOT, GiEATEN L2V BREN, 208K, 3468 mE THE 2 s
FRE &, B0 O 1950 miZEEMBEIZ 2 5, RE 3 MBOTROMETHLERN TR KRB TERVE
Rinot, £EEIZ, WINLOSKS, 3300 mfEs o AHiEML Twa, ZhiRBERD X5,
3 300 mft¥T T 100 hafR T U 72 FESEFRARI DS, 4 000 mfHE Tid 30 hall F iz B8 BA L - 0 b
HTH 2. RO BOBELFBRLAERTH D, BIGES 3 OFITIL, BEHAEM 89 hakn & 27 ha
WY LIe RS T, HE 2B S EEREICE S ED T2,
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Composition of production costs (Takahagi main road: Low-structure forest road)
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Forest-road standards and production costs (Takahagi main road)
— HE1K - E2K;

lsggrade 2nd grade
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=Rk, ER, AFEORXE TS 1§ Table 7, Table 8CR LB E 21T - 12E 0, HEERE
B DM EHEESIWER % Table SR, COBRIC L2 &, KEERESRL LG BBL—FECH»Z S
TR OB A DR LI T, Ml 1 4R - Mol 2 8% D FEFEMGE=T 1 18 1 75 &k oz, BRI, M
THREIRETE T, ME2HE  EERE=20:80 ThH-7, BBZMET, HKEBLEBD THVLAER,
R ST THRGE 2 ROSTRE & e dd, KIS O XM TERMESERT, HFEIZ 4196 ThHhol, HE
FETHRKYT 2 &, EHKEHE 1% 3.0m/ha, Half 2 4% 7.8 m/hafe UREEHHE 32.6 m/haiz 2 3, 8%
B, BFOME 1 REWE 2 R2EFEE5T U 10.7 m/hazsfhol 2 #%, AAFOMGE 2 FdBAET 1.
6 m/haiz & ¥ & o7, BERAK T, EKIEBREO 60%1 872 2 9 BT HkE 2 O RBSFE L
B%, EEARIE 13 BRERT 3 BRIR, KB IL, HARESE»S 553 mOAMME 2|/ TH o7z,



Table 9.  FHEFHRIOMEAUEAC ST PR

Distribution of forest-road standards by planning routes

= I /N X W
Takahagi Hamamatsu Oodochi
BRARES
Nos. If o 3% e F & 2% 3 fEE EF IS 2% 3@ Mg &t
1st 2nd 3rd Low-  Totals 1st 2nd 3rd Low-  Totals 1st 2nd 3rd Low-  Totals
grade grade grade structure grade grade grade structure grade grade grade structure
1 1548 1920 1950 5418 3129 3315 6 444 543 4503 5046
2 185 1577 1762 65 810 875 627 627
3 317 1342 1525 3184 94 1667 1761 2648 2 648
4 673 1632 2305 636 636 3479 3479
5 180 1107 1287 926 926 1118 1118
6 1072 1072 380 380
7 867 867 758 758
8 243 2126 2 369 1592 1592
9 1197 1197 715 715
10 1143 1143 1201 1201
11 125 866 991 773 773
12 72 864 936 576 576
13 102 1643 1745 197 197
14 1133 1133
15 1476 1476
i 1865 4842 20178 26885 3288 13546 16834 543 12375 12918
Totals (m)
= 7 18 75 100 20 80 100 4 96 100
Ratios (%)
HEE 7.8 32.6 43 .4 10.7 44 .1 54.8 1.6 36.5 38.1
Densities (m/ha)

(M) (B2 %) B LB MR R IHAESEIRNY ¢ (o 24T

— LT —
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(2) HEEEEMHKEORIHER

MEBRERBAELRFT T2 004 EEBAK(2)R) TEEL:, £EE - HEEEOMIF % Fig.
19~Fig. 21k tf Table 10125571, Fig. 22~Fig.24i3, HEER»SER L7, RELSERICLS
MEHBEIHTH S, FEMED S b, ERIEERVR/DERIHNEEEKEL T, —SBRIT2
DEDOHFRTRPEREE T, ARISHERBEBELLBETHL, HBWKLDE, oAb
T AOMERER, ERSRLEL 2.8m/MaThol, BRIFEMR L DIEL 19.1 m/ha, ST
HEE SIS LWARIR 7.4m/hakE o2, 2 A b I =V AFEE S R EREEBKEORECH W2

L, ZOWEEENBEREREICL D,
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Production cost Cx (yen/mr)

4000 | N

2000

(=]

Density D (m/ha)

Fig. 19 MEFE t £EBOBMRKI) (FFK)

Relationships between forest-road densities and production costs (1) (Takahagi)

- HE#EW® 0 - , EFER. - , AEEREOC
Forest-road cost Wood trans.cost Labor trans. cost
-—, EMED . - , BITRE) — &EH
Skidding cost Walking cost Production cost

10000 \/\\'__’/

8000 + :

S EH

Production cost Cx (ven/nt)

6000 K
4000

2000
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Fig. 20 #WGETEE - AEBEOBEREZ) (0

Relationships between forest-road densities and production costs (2) (Hamamatsu)

--— EE® @ - . EHEB® . 0 - , ARMZEO !
Forest-road cost Wood trans.cost Labor trans. cost
—, BM®s0:. - , BITEE —_— P

Skidding cost Walking cost Production cost
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Fig. 21 MEEE L EEBOHEMKE) (K5)

Relationships between forest-road densities and production costs (3) (Oodochi)
---- PEEB 0 - , EHEG) .

Forest-road cost

—, £MEBO; - , BITEE)

Skidding 'cost

Walking cost

----- , AEEXEO

Wood trans.cost

Table 10. HEDBE & £ EBO#K() (E)

Composition of forest-road densities and production costs (1) (Takahagi)

Labor trans. cost

Production cost

— 139 —

5 Densities (m/ha)

Classifications

5 10 20 30 40 19.1 43.4
PEE A 691 1263 1880 2328 2813 1842 2978
Forest-road costs
EE ) 893 944 1033 1090 1118 1027 1121
Wood transportation costs
UN=L. -5 © 484 690 937 1085 1156 923 1166
Labor transportation costs
EME D) 3050 2653 2307 2120 1985 2335 1949
Skidding costs
BITE B 3007 1585 720 429 313 758 294
Walking costs
SEE (H/m?) 8125 7135 6877 7052 7385 6875 7509
Production costs (yen/m?) (A4 +(E)
B
Review
S ®+@® 3943 3597 3340 3210 3103 3362 3070
Wood transportation and skidding costs
AERB#HE O+E® 3491 2275 1657 1514 1469 1681 1460

Labor transportation and walking costs
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Table 10. HEEE & LEBEOER?2)

HE3Nns

Composition of forest-road densities and production costs (2)

(=)
(Hamamatsu)
PREE * * %
X 2 Densities (m/ha)
Classifications
5 10 20 30 40 50 32.8 54.8
EE iy 850 1600 2361 2886 3387 3932 2995 4308
Forest-road costs
HE (B 874 936 1083 1274 1353 1381 1305 1386
Wood transportation costs
ANEWRE © 407 661 1075 1556 1754 1826 1635 1838
Labor transportation costs
EME o) 3422 3159 2768 2345 2106 1931 2253 1864
Skidding costs
BITE (E) 4106 3292 2156 954 462 306 724 275
Walking costs
EEE (F/m*) 9659 9648 9443 9015 9062 9376 8912 9671
Production costs (yven/m®) @A+ +(E)
g
Review
HEM R B+D 4296 4095 3851 3619 3459 3312 3558 3250
Wood transportation and skidding costs
NERTE ©O+® 4513 3953 3231 2510 2216 2132 2359 2113
Labor transportation and walking costs
(Kt5)
(Oodochi)
OB
X Doz Densities (m/ha) * * *
Classifications
5 10 20 30 7.4 38.1
PRIEE @ 1055 2143 3776 5532 1567 7 254
Forest-road costs
EA B 1027 1375 1679 1815 1211 1847
Wood transportation costs
PNI=1 p=Si= ¢ © 709 1615 2 407 2764 1186 2 852
Labor transportation costs
EME ) 3872 3 450 3022 2513 3524 2244
Skidding costs
HITE E) 3903 2265 1570 605 2378 392
Walking costs
S£EE (H/m?) 10566 10848 12454 13229 9866 14 589
Production costs (yven/m?®) @+ +(E)
Hig
Review
SEME ®+D 4 899 4825 4701 4328 4375 4091
Wood transportation and skidding costs
NEBEHE O+E 4612 3 880 3977 3369 3564 3244

Labor transportation and walking costs

T *IEEBSRNERLIRETETH D

%+ XS ~TEIE T 2BEOHEEETH . _ _
Notes: *, Optimum forest-road density. * *, Forest-road density planned all planning routes.
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MBS EEE
Forest-road Densities (m/ha)
standards Totals
SR _— 3.0 3.0
1st grade
Ml 2 5% — 7.8 10.8
2nd grade
TEZEME —_— 8.3 19.1
Low-structure
Vi ——-  10.9 30.0
e . 43.4

Fig. 22 MESSEERL) (F#K)

Planning design of forest-road standards and their location (1) (Takahagi)

— 141 —
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PRIBRIE OB
Forest-road Densities (m/ha)
standards Totals
i 2 % 10.7  10.7
2nd grade
TP E — 22.1 32.8
Low-structure
n ——— 7.2 40.0
N e 14.8 54.8

Fig. 23 MGESUSECERE2) (FER)

Planning design of forest-road standards and their location (2) (Hamamatsu)
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hoEA PEE
Forest-road Densities (m/ha)
standards Totals
i 2 & — 1.6 1.6
2nd grade
{ESEtRE — 5.8 7.4
Low-structure
n ——=  12.6 20.0
Y 18.1 38.1

Fig. 24 #EHEEERI3) CKiF)

Planning design of forest-road standards and their location (3) (Oodochi)

Table 11i%, MEEEIIHET 2HERROBREIGET Lz, BEVFHE 20T, THEKD
HEDLEIR T Z L2530 5, BIEKEHREEERR T, &XKE L RERBOFEREORERO A%
BLTwD, BEMEFRETO, Ml 18 GE 2 K fEEREOERNER, #1641 43, BN
0:33:67, K#F0:22:78 Tholeo Bk, BHFBMEMHIL <, BIRELHE 1 KT 40 000 F/m
BELEL-LIESHE I ROBELETMEIC L EETH S, G EERIIHE 1K, Ml 2HT<
5L, IZIZFAED 10m/hak 2 ), KEFOME 2 iz 22% % 7228, BETIRbTH 1.6 m/haiz
TEY, [HE TOMBEERORE S A,
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Table 11. MEABAIEE & BEIE(1) (B

Forest-road densities and its composition ratios (1) (Takahagi)

PREEIE N . %

X Vs Densities (m/ha)
Classifications

10 20 30 40 19.1 43.4
MoE 1R 3.0 3.0 3.0 3.0 3.0 3.0 3.0
1st grade
il 2 & 1.7 5.7 7.8 7.8 7.8 7.8 7.8
2nd grade
EEME 0.3 1.3 9.2 19.2 20.2 8.3 32.6
Low-structure
Wl 1% 60 30 15 10 7 16 7
1st grade
Il 2 % 33 57 39 26 20 41 18
2nd grade
VEZPRE 7 13 46 64 73 43 75
Low-structure
& & (%) 100 100 100 100 100 100 100

Totals (%)

Table 11. HRERBHIEE & BREEQ2) (AH)

Forest-road densities and its composition ratios

HIEEE
Densities (m/ha) * * x
Classifications
10 20 30 40 50 32.8 54.8
HE 2 5.0 8.8 10.7 10.7 10.7 10.7 10.7 10.7
2nd grade
TESEMGE 0 1.2 9.3 19.3  29.3  39.3 221 4.1
Low-structure
I8 2 #& 100 88 54 36 27 21 33 20
2nd grade
VEZEMGE 0 12 46 64 73 79 67 80
Low-structure
& & (%) 100 100 100 100 100 100 100 100
Totals (%)
(K
(Oodochi)
HEEE
X 5 Densities (m/ha) * * ¥
Classifications
5 10 20 30 7.4 38.1
FRIE 2 & 1.6 1.6 1.6 1.6 1.6 1.6
2nd grade
{EsEME 3.4 8.4 18.4 28.4 5.8 36.5
Low-structure
FRIE 2 & 32 16 8 5 22 4
2nd grade
YEZEMRIE 68 84 92 95 78 96
Low-structure
& & (%) 100 100 100 100 100 100

Totals (%)

B xREEEIRNELIWERETH D,
* ¥ IFTEEEAR T N TR BT 2 BEOMERETH 5,
Notes; *, Optimum forest-road density. * *, Forest-road density planned all planning routes.
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2.3.4 HBE

HEOHBLCET 2% L L TREBN L DD, HEOHRBECERL, ENBLERTER
WINET 5 2 & T 8MBW L 2MERBEE TR L L, 0O R Y 2 EERE 21T - . BHFH (1987)
DOHESRD B, ZhLsHc b, HEMEFTEICEL TS OMERELD L ZLns, I TEREVC
AETIT - L REEBOREEDFOEPEHET S,

BYNZ, FMXOFEFIEE, €% HEEELEBRCBERETED S L v FIRTTbN TEL
—MREISE (AR, 1983 5 BT IEe, 1985 EHF/R, 1987) LR#L I rasFoshs, Zhid, &
DBEILERO & 5 CEHTTYE REEERE T, BEEERICBOHRBEIEMEY, B
BECL > TRBERIEENHILEZI O TH L, ZORDERITE, FEBEEHECEEL
7otk UTHBHEICHET 2HEREE, ERAME, EHE, ABEHXE, EMBERUSTHEEE
ELTEEBOMERE® LY, IhroBLEEBEHEEEOEME,S, BRLLUTHELTIE
BOMBERBOHEREREKELHS LT 2 HABEHENEE L 06 TH 5,

CEBER BRI 2BHAOBERLAROFEE VWS, BEORIICE, ZOTRTOBAEZH
WTHEEE CEEBOBRERLC bR < (MATTHEWS, 1942 ; KAMIIZAKA, 1966 ; KATO,
1967 ;: B/ ED, 1985 BHFR, 1987 ; AJII4H, 1988), Fig. 19~Fig. 21Kk fTable 104 5 Bt}
5Nd LIz, WThOBRALEERL OBFRIEL, RLZEBTERVWERATHS,

HEOHKLZ, BREEONBAE TRET S L WIFZ A>T, INREBECEBTEIEZ
TH 0 (LRI, 1990 ; MATTHEWS, 1942 ; SUNDBERG and SILVERSIDES, 1988), #H-FE*k (1987)
b Z OB TEMBCBHMAEEML CRBLER> T3, XHid, EHBLABREBOLL S
T, BRI EERT 2 A SR OMERFE - HEARE L ME L - HERL2EET 2 LD
2 THRHE2MEL T, HMEFBLEER L. -7, BHIMECOBRBLEENER & L TR
TEHLL, EME - BHEXBEOEHMWER L SHBREERD, XReld, EME L ABBXEIZUT
T, MEBLAMKRTELT 2EBNER L A% L THBELLZOD, HELcBT 5 A &
HEWZ S, KEBORDFICZDL I REBEOHEUOR, BHREKENTRBOFES 2EHL,
EHIEFWHELEED 220, BROZFIMEE2ERLUBERE» LS50,

\EHFFR (1987) 1, BAEELREL &, AMBTECCCTHEBLERD, BBl k58
MEEOEEEREL oL, £, MEFEBRERZOCBAZEREOHECHVS I LT, BE
WG L - ARERIE DR et 3 2 MIEHEEE OBEERAREIC L. BRORBLET - 8%, £H
BoSTRENZ TEEAEEELENL, (FEMEORMBEELREE T 5 2 L T, SHENCEFRILE
b, EERMEEOEREERT S I LHTE S,

HEBEOHENCEL T2, m4 (1965), FE (1966), KATO (1967) &0 & 5 W BHIHM £ E 0, i
Bz TEANE2EETLIOTIRR, PRAMERHsN AN/ E LTEHSh TH L EEEE
BLT, WEORRFEHRO—RBEY OAMNECHEE 20 L LT, FIEREFRETIITo (B
K REHEDE, 1988 . BH, 1975),

BHFR (1987) i, EHOMHBERD SHBRLER - 205, HEMEE TV EBTFRERTGHALT
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KURBEFML 72, WEEAN EHEEE» o EBM Y R 7 LA 5BINT 2% 2 51, % (1988), BA
(1991) ko TREN, TEHFX (1987) LREEMBEEZFTEL TL24, BTACREREEF A
D OEMY AT LARBEIRL, WEERBOERICEU CTEMBEREH LT,

PRERE OWEICK X 2HE L RIZTEFE, BRABHEROBK TS 2, 22T, HERBEE
ORI L FARBAEROBRE 4 2 L (Fig. 25), &K TI, WE 1 e 2700, 250 haiigko
FARFMER LB E L, 24~89 ha THIE 2 2 S 1EEMRBICIRBRERE M Tb N, RO/ 1.3 50
HRBLET 2EMIE 21~147 ha TFERE 2, BN 4 FOMRBOARNG I, 302hak [LLHRE
HEBEZE T 2B TEERECBITL . L EORERE, HESRIHESAER, HRE, L0
S OEMETHICHRE T E 2w, HMBERSERRICEL < v, BOTH (m) THE 2 o ETHE
R TIE, BIRBFREE S thall FicE T 5 THE 2 ROEEENAREL Z L 2T 3, HED
BALERBEEART I AMBETER LI 06, BHIBERSTH L2 Z L 3BV, B,
MEBEEEVERRE TORREBOMEICTL T, BRFEAOTHOBESAR LB, Hiz, 20
ZEDRFAEE AT, BROMITIE, 30 m/ha TORFEHMERIZ 8~21hak e b, BRIz X B EH
REFRonZ 23l tho bBonkl ), HEEESEE D, BRedsEMmbT 2 & biT,
Fl-BE COBBOMBRFEROZIIN/L, BMFEHFOBE LT S IRECHBEIN S, HEkd
B2 THE & T 5 FRHEA OB, 2.2 OFAXKBSAOBBICE L T, fHRVW/NERTSH 5208, H
BHEMEFFREBHREEN TR B THA I L OFF IR,

MEBEMIERF DV TERER L & 255 CNE, 1983 ANEIZ, 1993), ARTR QDR THEE X
N EEBEMEOICTS ONSEMEE L, JORE, B L L HIEROREENER L%,
TRHBCBITT 20 T2, BBINICREBET ST T, Tid s ERARCAY, Hi-sbfick

; 300 - ".A’ o
o] . .
=% . ’
ke - S
i 2 ‘0.
E < 200} o
g2 |
&fg I ,""*,7
B« ’
P o}
7 Lol 'y
£ . TP Lol SN BN 22
0 | 3 cem et
0 1000 2000 3000
KBS S DOIEHE

Distance from beginning point of main road (m)

Fig. 25 MoEHHE & FASERRAMERE OB i
Relationships between forest-road standards and forest areas being developed
O, @k (FhE28 . @, &k (EEME) ¢ %, B0 (FEEME) ;. A, K (FEMGE)
Takahagi Takahagi Hamamatsu Qodochi
(2nd grade) (Low-structure) (Low-structure) (Low-structure)
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BHHBAL LD RITIRERICE o/, 2OILE, BAPSERILOEEEORBEN - U CEEERY
BOEHLNE IS bBRTE LD,

SEBIHREERE A L TRENSV, ZOEME, BEOMRICLH D (EHFE, 1987 1 KJIIHE,
1988), R 3HBOMERZELESOBALYEEBRRSICHARAATHEL THRILEBERESHE S
T BRTIE, TR b I v AOMEREE 19.1m/haTEERIZ687H/m* Tho7:, Zh% 40m/ha
DKEEF TH|E LT 204, 510 A/m® 2 EHHEE T2 & k<, BTI%7 » 70 7385 H/m® DAEEE
id, ZOLERE, WTFNORBOEERL D LEVWETH S, BRTIE, 50m/hadskiEiz+ 57
®, 17.2m/haZBMERT 5 & 464 F/m’°, BTSUOEEBO LAMF|ER I BT &40, Ll
ZH6, (EEME TS 37000 FI/mk b OBRE BT 5 AH5E, 20 m/haic3| & L 212, 26%, 2 588
M/m®, 30 m/haZ 3R Y 512id 34%, 3363 /M DK@ A M7 v FEnh, HEEEOMEINE X
ZILEBRFTREC LR THETEN S, HMEBECH L TEEBOBRESHMOOE, BENS
FEEBHEBOKECRITIZAZILLoHAREDVIE, TR NI ZRAOHEEERNE TS L, &
KD 19.1 m/hawst U, HEEEMS L VRETH 2RI 32.8m/MakE -7, JORKI, &€
ADOMEIZ 30 m/haflf & TR - LB TR S oo, BENEVCERE COBEEMMINT 2 8H#
B BITEOBEYMEIERL, Ch22 X I 2~ A0WEEELBED 2 ARERLE2DTH D,

EHE L ABSXEI, HEEELS LR LSXEENRE %5 EBINT 5, BHAOEIME, MERE
DGR, ARBREROSMC L > TRLZ Y, EEO LR L & b BB T 223, LEED 30%
ZBAABHELHY, BETEL N5,

HEEELEE S ESTEOETHEETCE S, Ihid, EMBIEMERCEESZ T v, BEE
B oHa M RS D 500, EEEEO TLEMBCIRANLR/INEANS S DL, HTEIZ
FEESOFESESBRAOBR CERWICE I L Th s, flz i, BHTH, AABXBEH
TEE M2 &M, 10m/haT2275H/m® 26 40 m/haT 1469 [/ m® icHi S F T & 2 0wt
L, EMBICEMER2MZ BRI, 3597 /m* 25 3103 /M i3 £R2nlemns b, HA
PHITOFHH O EEU LR IT 5N 3,

EHME EHITERE, MBERS EFEER TARRES NS I L0 s, MBI L > THRERNEIEE
Wieb, Fig. 2610 & 2 &, HEFE L REIEFEMOBRIEIRETARES (RS, BREBEORETR,
MOHBEEERE (V-corr) »5H2BEMZ I ENTELI L, F1IWL6. 1 TLHALE-DT,
Fig. 2Tc BB & V-corrOBf 27T, ZORRIZ L 2 &, BRUGHEHEE TO V-corriz 1.3~1.
4D, BIHI61DHEBELSATH, WTFHOKE b BRIF 2 BREERECHZ2 L0z %, Lol
%36, PO V-corriz, Bk 1.5 &0 LE S EE THEL VLS, ERIZEA 4.11, 8K 2.97 &
o TR- ERES A S5, Jhid, BRERESCIZEROBBEELFRE I, IDAOHE
EET) L RFERT 2, EMBECSTEIFEANSEREEICI (O TET 50T, £EE
ER/ANETAHEEEIRX, RHELTRULZEBEL D BEL I0EENS L, LarLisis, BN
DEME L BITEICRIZTEL»SHL T, AR TRULAB/NEEBY KX TRLABE I A5 R0 E
WETE:, MEEESESLD, BEREDRIPEEEND L, JOMEIIBHET 5,
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1200
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i B AR BE A

Avg. min. skidding distances S (m)

400

50 60

HEEE
Density D (m/ha)

Fig. 26 MEZE L PHREEZEROMF

Relationships between forest-road densities and avg. min. skidding distances

-— @ — R ]
Takahagi Hamamatsu Oodochi

RS IE AR
V-coor

60

Density D (m/ha)

Fig. 27 ME®E L V-corr DEME
Relationships between forest-road densities and V-corr
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Table 12. HERBOFIRIC L 2EEEOLE() (ERAFFR)
Comparisg)n of production costs by selecting forest-road standards (1) (Takahagi
main roa

HAE1 RE2
PR Calculation 1 Calculation 2
Forest-  phmge  msm  LEm pER MR 4EER
standards Forest- Trans.  Prod. Forest- Trans.  Prod.
road costs costs road costs costs
costs (yven/m®)  costs (ven/m?)
18 1471 1610 3081 1438 1404 2 842
1st grade
Pl 2 & 1226 1774 3000 1198 1528 2726
2nd grade
FEEpRE 379 3 609 3988 370 2917 3287
Low-stl_'}l_cture _____________________
T EWIRE — — — 948 1501 2 449
Synthetic forest road
(EAFAER)
(Hamamatsu main road)
HE 1 AE2
PR Calculation 1 Calculation 2
Forest s mE  AE® MR WAR  SER
standards Forest- Trans. Prod. Forest- Trans. Prod.
road costs costs road costs costs
costs (yen/m?®)  costs (yen/m?)
MoE 1% 4 483 1754 6 237 5172 1843 7015
1st grade
Rl 2 & 3585 1947 5532 4010 2052 6 062
2nd grade
EEFRE 1077 4100 5 177 1180 4 396 5576
Low-structure
EEHIPRE — — — 2478 2701 5179

Synthetic forest road

Table 12. AR OEIRIC L 2 EEHEOHBE(2) (KIFELER)
Comparison of production costs by selecting forest-road standards (2) (Oodochi main

road

HE1 RE?2
MBI Calculation 1 Calculation 2
Forest™  poum  mu®  4EE  ER WER LER
standards Forest- Trans. Prod. Forest- Trans. Prod.
road costs costs road costs costs
costs (ven/m®)  costs (yen/m?)
FRIE 1 15814 1560 17 374 18 720 1707 20 427
1st grade
HE 2 & 10 042 1715 11 757 11 365 1890 13 255
2nd grade
TEEME 2576 3439 6 015 2 841 3930 6771
Low-structure
B EFIME — - - 3160 3561 6721

Synthetic forest road

T HE1E, B2HOSFECUBXKEOREL 52 THEL T,
HE 213, BIMOFETERTAETHRELL,

Notes : Calcu]atlon 1 was calculated by the method of 2. 2.

Calculation 2 was calculated by the grid method of 2. 3.
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HEMTRIEL TEREEL KD TH B, B, KFHHE L & Tabled OBERE—H L7, &K
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i3, Tabled DEHEL VKX ZD, BBEIDE k2, BXBYERT 2 &, HEBROSER
B RIZTREOR S SHE L T, KMEEEOHIMEREEMZIZHATLEEILNLDT,
Table 4 %5, EROFERE CORBLHERB2BHICHET 20 RARETH 5, B, MBIEET
ToTd &2, AIAAKEBHHEMORELRL T, hESKE2EEST 28541213, Table 4 ¥ EERH
BERCHHATE, £/, FFERKETHEE LERD SHERK EZHRET 5841013, Table4 ENHEK
HOF AR EHHER & FEEROBER» SEBCHETE 3,

HE 1 OFEREE, BEAroREEITCHLCEERELTSDT, ZOHETE, BTFAEEACTHE
BE2EOTHORBEFEITE RV, B2 2HANEHERET, FROBBIE LTS ¥ 2101,
RE20230HFKIESRTNER ST, 2.3 OEBRICL 3 £, BREROBRBRERILE L, thE
18R ARl 2 4 FFpkiE =291 35 : 36 (Table 9) & XMjz4s, ZDHBTHESHHBEOBMKLED 2
£, RE 2 OWE 2 |O A TIT - e BA AR T, 277 H/m® OFRIC 2 %, BT, g 250 M/
m?, HRE 2T H/m THB, COFREFREETHET 5 &, Table 1312577 & 512 5000 FHC %
5, EMARIR, BE»oRAEE TRIVERIE T 2 LERMEIBIRE N0 T, HENMKELHVS
EAREER I 1298 F/m? 0T 503, BXEHS 1695 F/m® 34 L ¢, £EETIE 397 F/m® O & %
D, FEREETIE 3700 5 HORFFZE SR T & 5, KEFAR S BHL L AR, EEREEAV2
ZET, (FEMETEET ZHEICHRLT, RESET 00 THOBBRNHESIRTE 3, AL
BOSREAS 2O, HENKEERAL TH, BREROD 0% MEEMHETED S,
BROBRICEVBZVIEDTH S,

A TEE L AR OBSIZ, FIARBRHEAERD 307~619 han2A R 2 0 ¢, EEMBEO A
HETHERT AL, HE2RTHRENIOE, 2 THEVE Y, ZOXIKXELD L, HAENRKE
PR EHMAT 5 2 LT, BESETORFNFRIRIT, 5K 5000 HH, 8100 M, K5 58 300 F7H
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Table 13. HEHIE OB & 2 BFWFROMRAR

Effect on economical benefits by selecting forest-road standards (Unit : 1000000yen)

Bk IS
Takahagi Hamamatsu Oodochi

X 4
7 K4 (m/ha) R (m/ Ri% (m/ha)
sifica- m/ha X m/ha) m/ha
: b & B K i
tions Main Area Main rea Main Area

road  yg 1+ 43 gex r0Ad 35 a5y gex 10D g 4 g s
@ 71 83 752 169 52 671 1222 129 3138
@ 50 58 541 81 46 434 583 114 1599
&) 151 144 146 37 34 33 4 5 5

H) 1. REE, BFSETIT-oHBHMOLEROEC, BREMBRERU CEL, O, HE 1 &—EE

HItkE © @, il 2 B EEOHME | @, bl B,

2. [&2) EXRB18E, XE] IRBeEPNRCEEL 2.

* EIFMERE | **, STERERT R TEEE T 2 HETE,
Notes : The numerical values were calculated by the remainder of production costs between forest
-road standards (D~@) multiplied by the total log volume : @, st grade —synthetic forest road ;
@, 2nd grade—Synthetic forest road ; @, Low —structure —Synthetic forest road. One main route
was calculated —main road, and area was calculated a full district. %, Optimum forest-road density.
* %, Forest-road density planned all planning routes.

Fig. 31~331z, FERE TOMERE L HERRH OEEERORMREZTL, 2.3 DREEEFRELED
HEHCIRE L B S ORBRHZS 2T 5, EEREICE, 22 I A0WEEE L OBF LT
T, BHBESTEESALY, BADO LS cHERIHERE TCEHLLVWRBTH 2,

HIEI T, HEBRIMEEE N L TRESHG & 2l~ran, SERZ, HEBESEL 2120
T, MGEBE N U CREELSI< 0, B2 280 L 3 ESNAERS, RO IOE»S5S
M5, HEHKEMETHAT 3 L, HEEEMECEBE TURRROMEL FHRCERIED SN, &
EWEL R 5L L ICEREOMEOHEMHINT 5, 070, HANKEMOLEROHERSIZ, &
KOB» o LEAS L L S, BYNIHE 1, ROTHE 2 ROEEEZIZ L, ZOKMEER
EOBREMELUAEBTHE T 5 b0k b, KESETORFHARIE, XHTHRLHEEKE
EEETHE2RTEMT 5 L, BFKO800 7, EM 46005, KI5 11400 HHICRD, Kimick 3
BB OUWE 2 WA L BB ORFNHIREIR T I LH303 5,

ABIFE T, PRERREIC B 2 HEMDERE S N, o T, AEMBEEOE VBRI T 2 wFIE
STV, AEMBREEOTEC X, BRO—MTHASOREBEBCEAT ILENDH D, JD kL
HEAMBBORERBEOREIRBORRICH 208, +oXRBENTEY, SROVIFEHEEL L TR
iz, Zr, AR TIE, F1#H3.3 TRALEA THEREHELRAL 22, BERICIBEREELE
BICTEEL TW»5, &, MEEMCEL TRESATEY @EHFRII», 1988 %, 1992 ; 3
JH, 1993 ; BHMEA - 88K, 1993), HED 2B LD THSHROWETRE L Lizv,
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Studies on Forest-Road Evaluation and Forest-Road Standards in Mountain Forests (1I)

—Determination of Forest-Road Standards by Forest-Road Evaluation—

SAWAGUCHI, [sao™

Summary

In a previous report, the parameters for the evaluation of forest-road standards were examined.
Based on the results of that report, this study examined the models for determines forest-road
standards by the evaluation of the forest-road route. Here, two kinds of areas, i. e., forest areas
being exploited and forest area being developed, were introduced to determine forest-road stan-
dards.

The model for a forest area being exploited evaluated the log flow and forestry traffic volume
by using a formula like Hack’s-law on geography, and the forest-road standards were determined
in proportion to the scale of its area. The model of production cost function to decide the forest

-road standards were composed of the following six costs.
Cs= Ces+ Cegs+ Crs+ Cps+ Css+ Cws 1)

Where Cs is production cost (yven/m?), Ces is construction, repair and maintenance costs (yen/
m?), Ces is land cost (yen/m?), Crs is wood transportation cost (yen/m?®), Ces is labor transportation
cost {yen/m?), Css is skidding cost, and Cws is walking cost (yen/m3).

With this production cost function, the standard of the forest area being exploited was calcu-
lated by two forest-road types; connection type and go-back type of road. According to this
calculation, the connection type needed a wide area than the go-back type when road standards
were identical. This is one reason why the unit log flow volume per meter of the connection type
is much less than that of the go-back type of road. The sensitivity of construction costs was high
compared with the area. Calculation conditions are as follows: go-back type, terrain slope, 20
degrees ; log volume, 250 m®/ha ; labor volume, 300 person/ha. As a result, the standards of forest
areas being exploited were 0<forest road (low-structure)< =636ha, 636<forest road (2nd
grade)<=3123ha, forest road (Ist grade)>3123ha. Under the same conditions as the above
-mentioned but with the addition of tractor and forwarder to the log transportation system, the
standards of areas showed, forwarder (medium-size)< =2ha, 2<tractor<=2lha, truck (forest
road(low-structure)) > 21ha. It was possible to confirm that the skidding-road introductioti by the
tractor or forwarder is advantageous in small areas.

It is clear from the calculations that the forest roads which are being constructed now are
economically disadvantageous if there are not at least hundreds of hectares of forest area being

Received October 25, 1995
(1) Forestry Technology
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exploited. This method to determine forest-road standards based on the forest area being exploited
can be used for the construction of forest roads which are mainly used by the forestry industry
without contradiction to subsidized forest-road work. _The standards of areas shown here can be
used as an index of the location of forest-road standards in Japan.

The determination of forest-road standards where forest-road networks are formed by two or
more routes was attempted for the forest-road networks. planning area. The forest area being
developed was introduced to the decision model for production cost function. The evaluation
function assessed the degree of utilization of the forest-road section by the volume of log flow and
forestry traffic. There are 4 costs which compose the production cost function for the determination

of forest-road standards ;
Cxk=Ccx+ Cex + Crx + Cwx 2)

Where Cy is production cost (yen/m?), Cex is construction, repair and maintenance costs (yen/
m?®), Cex is land cost (yven/m?), Crx is wood transportation cost (ven/m?), and Cex is labor transporta-
tion cost (yen/m?).

The function to calculate optimum forest-road density added the skidding cost (Csx (yen/m?)) and
walking cost (Cwx (ven/m?®) to formula (2), and calculations were made again.

Cx = Ccx + Cex + Crx + Cox + Csx + Cuwx (3)

The underlying concept of this theory is enabling greater accuracy in estimating production
costs by calculating the costs after the proposed forest-road route has been located on the map.
There are many kinds of costs which compose the production cost function. But the biggest
characteristic of this theory is thoroughness as for economic efficiency when the forest-road
standards decide, and constructing the forest-road networks which are formed by forest road
(synthetic) becomes economically feasible.

In case of application example, it was possible to locate the forest-rcad standards until the
following area of the forest area being developed shown by area of upstream in the section of road :
forest road (1st grade), hundreds of hectares ; forest road (2nd grade), tens of hectares.

Optimum forest-road density at a minimum cost was 7.4m/ha~32.8m/ha according to the
calculations. It has already finished construction of forest road (Ist grade) and forest road (2nd
grade). In one example (Takahagi), the extension ratio in the optimum forest-road density was as
follows : forest road (1st grade): forest road (2nd grade) : forest road (low structure)=16: 41 : 43.

The production cost confirmed a dull to the forest-road density by the production function
which used mixed forest-road costs and many other kinds of costs without a steep mountain region
which requires extremely high construction costs for forest roads. The production cost only caused
a rise of 7% (510 yen/m?®), when the density increased to 20.9 m/ha in Takahagi. It was confirmed
that the total of log and labor transportation costs exceeded the production costs by more than
30% ; therefore, these costs cannot be disregarded, and the effect of reducing of the walking cost
must be larger than that of reducing the skidding cost. Mobile yarders increase the advantage as
the density of a forest road rises, and the majority of the skidding area is dominated by mobile
varder yarding system. It concluded that there is a wide zone of decision of density when the forest
-road networks construct by the synthetic forest road, but the final decision is left to forestry

managers.
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The following calculations were obtained as financial profit when the synthetic forest road
planning system shown by this thesis was adopted. That is, profit can be expected to be 50
~583million yen when the main road of a district is planned with this thesis compared with the
present subsidized forest-road work, 58~114million yen concerning the forest-road networks to be
optimum density with the synthesis forest road with this thesis compared with only one forest road
(2nd grade standard).



