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T 31 BHERAR B ORI, —RRIEEMOKTH (Tinbb MUNCHHE L@ RDLE
BT L) T disiiRigkG Shs 2, ok kifistottEs (Fig. 6 Tk
CRHATTE INAES) OEFRENL, AL L THERBRBORICEDRVDOL T B, Ml
BiE, TOBASOEEEIHICAET LRROFERMICH BMBAET RSSO LBRHEN LD
5TH5,

4 1m® 40 oHEMBRREEE (K) OFE.

PEDTE FEERRGNE, AEEMORMMES AT X PR IR, K
DEHTFEIND,

WEEAEANSHERERES (C) & m FHCE > THEHERT S L fETHE, 50
BREIRATEZOND (7272 LKA,

Cyrm (1)

T 7wt m ARBGRICET B AR TEERE

{=p(1+p)"/A+p)—1}
. p: EALDERR

R e 2 EIHEMA~RET 553, Fig 6 12k T, BARSOKREGEM N O AR
& THBLIE LR AT M OkER L AT b0 LT, HIFRCHE AR
C, M+ 28 1 FEOEFKE Fi K OMBPEIEL, #2403 Fo X o, % m £H
(BE) OEFEE Fn HROMSEETS 2 2ok, Mk, #2EBCEANEE C,
Mz, WEDERE Fo 1K, B m £01E Faa BRSAATS2210%5, - THBE
DX B EIET HHEBIRBEIIRDO X 51T B,
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o REAERE (M)
F1 Cy"Tm
F 2Ctn | m_1) =2
mel (m_l)cy'rm
F"‘ mc_y'rm
(n—m+1) =
F, mCy 7 m
E E F, Fons1 | - o By oy E
ViniVia " ” " ” ” ” ?
1 o Z
m— V.
. x ~
7=
) |
)
L ( (]
/
Cyz'}'m ” "
(CoYn| Mz | Mz | mA

Cy, | Cy: | Cys ?{ Cya

Cy, Cy, Cy,
» 2] 7
1t ook
A B &

B
i o4

Fig- 6 Mtz fmam e 7
Model showing how the cost of road is allocated on timber output.
it - T, TEE—TRBUIRINIC MR V (m?) 755 B AT 5 BB BRI,

Cy (14240 +%nr—n}+Cuﬂw-mﬁb‘m*43=<gﬁ:§ztl>m'Cfrm

DRI, [kt % & D7 BEAATRY b OWERIRE THEREIARTE5 2 bh s,

@n—m+1)ymC,y,, .
VAt (i) (2)

72, BEOHEAGEOHE AR X 0EREEE 2T 2 £/ (RBELRH) T L RTIE,
EEEGE & CHESETOLETHY, FOHEIL {A+pP-11C, TH 5, fHt->T n @D
%XKJU@f%ﬂpéﬁ®$ﬁﬁﬁ§@@ﬁ@ﬁﬁ,WﬂfﬁiBhéo
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n{(1+py—-1}C,
V(1+s)g

w2z (2), Q) Rk b, BFHMEY Y OMERRBEAIEE (K,) BRATHILbINB LT
%, '

(F/m?) (3)

2n— 1 :
K, (M/m?®) =“21‘2(‘/n(1+s)-;)‘cyrm+

n{(1+p)*—1}
V(A+s) v

_ mnCyrn, |'2n—m+1+(1+p)2—1:|
T A+s)gV L 2n My m

_ mCim [2n—m+1  (+py—17,
_(1+s)qd,,[ 2n T mp, ]d’—cl d. (4)

ry
r
&

 mCm [2m—m+1  (4+py—1
61_(1+s)qd,,[ o T T, ]

Table 1 7, &
The values of 7, (ratio of annual amortization to investment within m years)

] =R
% 37 |34y5E| 4% |4%45E| 5% |545FE| 64 |6455E| 74
BHRERK
5 4 0.218| 0.221| 0.225| 0.228| .0.231| 0.234| 0.237| 0.241| 0.244
10 0.117{ 0.120| 0.123| 0.126| 0.129| 0.133| 0.136| 0.139| 0.142
15 0.084 | 0.087 | 0.090| 0.093| 0.096| 0.100| 0.103| 0.106  0.110
20 0.067 | 0.070 | 0.074 | 0.077 | 0.080 | 0.084 | 0.087 | 0.091 | 0.094
25 0.057 | 0.061| 0.064| 0.067| 0.071| 0.075| 0.078| 0.082| 0.086
30 0.051{ 0.054| 0.058| 0.061| 0.065| 0.069| 0.073| 0.077 | 0.081

(] —FEERIIER T RICGRE T &ER4, Thbb Fig. 6 TRHRTREINAHT D, MHTER
PIRIN OB BICED, ThE2EARITE3144% D> TRYUTEDOL LIBRITIE, AFED
e z HIRO X 5 iR5,

z(1+r)"“1+z(1+r)”‘2+ ...... +2(1+r)+z=cy-7m{(m—l)+(m—2)+ ...... +2+1}
e
mr(m—1Cyrm
Taatron
LT v HERE (GERE)
Pt > THAMEY » ORI AR

mnr (m—1)Cyrm,
2V{(+7)—1}(1+s)g

HiCz OBED ¢ OfENX

e Citm [Zn—m—hl+(l+p)2—1 r(m—1) ]
T (1+5)qd, 2n MY 2{(1+7)n—1}

Ly, The (@) RRAThIEL,
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W-3-2 # 3 # % &

@ %l |
Kn: b 1m® % ) OREREHRAIE (F/m?)
Con: FREHATEY ) OFRERE (FI/m )
oot M-3-1 wF U,

BEEGHR CRIMEHSBR 2 REFTRRBICTT B TCHREL TR D, EEERTEORE
BICHAIT B L 02 FbHBL, T2 TRRAE L CRIFARBROARICE > T, ABEEE
L COBRER B E /- LD BT ERMEFEEE, &M b 7 o 7 OBRTRCHAIL R SHIERE
LDOBFHbERDDZRERRELFE 2D, TLTINbDYH, BER L EKERTES D
BAIEREY b OEMBRE T, YUEERAMO BN REY: - EMNEER VIR SN,
WD - B - BEEESR (NIEErBIRIEED) S0 X » CHIRT &Il E 2 E 5T
bBHEEXD, LOMANE, WEMREEIBEEST ELESHECHBEEL L TOBEL X
FILE > THERFHRE LD 5000 TH 5L E, BICHERBERECE > TEETLSE
BYBEVIWHADLDOTIE L, F—0EATRE«EELHET 2 LESD Y, FEEOIN
CrhrbbTR/MEEORBEILNETHE,L TS, o THEDHREL, BMCHENRR
BRICHT BIH S U R AEEFERCH T HHIEE L TORTRRIIRT 5 T L RENT
13754, EROZE K EBEMC L » THES W AR ZEHE L, FERECEUCLEHRE
EDEFHTHD LEBTHOBRYTHAS I,

EMEOHED U IEARER REFERSTET 3B, B T—RiroBRmReE
THdDPh, INLIREZOLERDREADDLE, BHWCEA~FHATSIOLLT, T2 Tk
HFFEHEBEORITIED RV EIT LT,

LU THGBHERI R, —BOEEBR T b bRMEEODOEM L L TRBX 5 EHH
DHLDTHEDL, HARSOEETIIFIESIHEET LT3 EV, - THAMTEY D OF
BRRGEMERRE, —BEEEBRM P ICE 2 T SN B MR O EEZ, R—BRcEE S
1% MRS RS Ll e Bed 2 L TR B,

FH 1md L0 OMERSRAIBE (K, OFN

A ORI X D, HERE« BRSNS 0D, (EEIEE—FHL0E n £HEC
DERICET ZMEMRFEE, ThThROX 5D,

o 4 E R FERIMETR
#® 1 # B Vin (m®) A-Cp-d./n (M)
® 2 4% B " 2:A-Cpdi/n
$ n £ H Vin n-A-Coedifn n
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X o TIRRIFESIIRM PICET 2 Mol B 4 3tE

_4%"_‘_11_(14_24_34_ ...... +n):£ﬁgﬂlll_.dr (5)
WXITHFEM 1m® 4 b OMERRNEAIRE (K. 13,
n_ ACh(ntl) , _ Culntl) :
Km (m/m )— 2(1+S)qV dr'— 2(1+S)qd,,, d'r—cz dr (6)
s ric o Cp(n+1)
- "7 2(1+s)qd,
m-3-3 %&£ # &

2]
L: {EBEHA OMERIES (m)
I': PARIEE (m) (Fig. 8 289
k HEOMSRMES®R (Fig. 8 21)
I: P (m)
d,: FHHREHE (m/ha)
K. %4 1m %0 0% (F9/m?)

EMBERANL CTEHBEBLMERC ST 5228 TE 5, EERIIEE L CEROBEICRES
RET, B BWEES - BREHRES XOCWEBRMES Tt Y, MEEIEREMENE
s BHGEERE - BERELR EPC0FERIOTH B,

TOX S KRR D OEMEBE, SR - FUEROEE - /FRER X OYEEEM S - 4%
BZ Ol - ha X4 0 ERE - FEIKE DS, 84 OFEHRFOMRIC X » Thiz D KificZs
tT5, LALWEREORE L TOEMBOZENE, 2L L CHERE DRI IS £
B ORI L 5D DTH LD, TEOEMERE KD 5D, EFEMERISOEER
FOMAbEE, G2 DNIAEEFELEF X, F4DEKT L CEMEN - EMBORRE
ERIT OV THET 5L END B, ' |

EH IS SRR S OB

PREFFT “:7E 7 m 2 2 DEREF” (B0 38 4£8) 1T I, EHMIENE £48 L OBRI3 Fig.
T-a WhRL7=E 50 Th5, Fig. T-a 1k, Btk EHEIC X 5IBEH « STASKED 0.5
~1.5m®+ ha %) O KREFE 250~350m® LW HEELEHTIRK T 5—FlTh 52, FAEICL
T, B S EHE L OBRII B BT RERNELET5 C L0350 5,

HERAYICIIE 2 e DEMAERE AV 235810, ZOWE ORIRISEMN T3 < dhifmz
bzl dTds5, Thbb, EMEMIR RIS, Bl BERLEREERMN BILEH
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BN - FPEDL » MEET AR S OEMIEE 1 cycle time RNIT3IT 3 HEBBMET T 505,
EMEIIERE OB AITHE - T RIS MOBEERICE(LT 5 b D% 2 bh, Huggard 0RTE s
WTds (Fig. 7-b 28, L2 LZOBROARAELRIRKR I 2L bOTIRLL, ERANICIZ
TR EHRIZEL D L X oRRERELE L TI0E 2R L THEL L RVEETH S,
BICEMBREDOL &L, ERKHOMRER KB « bl  NOEMBERD D, BRI L
hENERHEFASIRE SN HEBS VD, S SRR L OB, Fig. 7-b oZ
Lx—EOMBETIIRL, DLAIFOMBED L REROMEGbELEXD I EMFTES,

1500

104
8d

L/
. //

///

1000 +

##HE (A/m?)

=4
S

Cost of haul per cubic meter

Cost of haul per cu. ft. of timber

2d

200 400 600 800 400 800 1200
SE $ 4 FF BE Max. distance of haul in feet.
Average hauling distance in meter (by E. R. Huggard)

(a) (b)
Fig. 7 $£HEE8k & $ME & OBI%
Relations between the hauling distance and the unit cost of hauling.

DX S BHERPLARITI T, FEMCEMEEE S SME & OBRZERNELZ T
BOLBEL, KR THLDTL LTS, |

K.=al+b (7)
722U a,b BEROIEESMHIT X - TEESELK

WoE®EE & TR IERE & DRAFR

BEMEREZRET 2 BARKOF T, EMEIIED CEELRTFTH L0, RMELZWE
BEOEKE L ThobTiciy, RROEMIERE L E£ME L OBfROTMIT, WEEELF
HEMIEEE L ORARMSHS M I RiER LR,

BB ABERFEEHREE GLEERERT) T huE, MNIRBERKBRNT R 5 FERkE
ME%%,%@Eﬁ@@%&@ﬁﬂ@%ﬁ@&&f%bb,%%%Kﬁﬁﬁﬁaﬁﬁﬁkiﬁﬁ
B E ORREZRD TV S S, ZOBEREY —SEoE, FEMERY EENEEEZEORKE L
THLbT T ENTRETHY, KOX S BFEBEDEF VERAVS C LX) TEORREZKD
LT LEHBTES,
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WE, MR Aha OEEREHANIC Lm OWENSD - T, EMIMEE G — 2tk D E
BEhsbDLBEEL, REOHMBRPVD»REEDTH-Th, &b 5IEFHFOTLEIME
HEBS T RTEFEL WK S il ® 7 i3 Fig. 8 iR

FE5BBDEED,
; A ‘9{
FIRIC 251> C o %—J
z
{

A-10¢=2z2+4IL’ l
LR B B, d,=L]A, k=L'|L * 31113,

— L
2
B 4kd,—10'=0 Fig. 8 HMiE & P BN & ORI
AT REEDEFA
Dz Assumed model showing relations between
B the average distance of hauling and the
l=a(\d*+g—d,) (8) density of forest road.
a=k-Alr
] | S
B=10*7/2A . k2
8 1500 D — R
fg 3:2% ha ot (8) K PBHEE & I PEEE
8 | e LOBIfRE B DTRTHEH, R
E £ 1000 \ ’ rPOMMERE I« OfEZ AL T
w B ’ )
o & W% ORI E BB IR Lz b o
U i
*§ %K # Fig. 9 ©& 5%, Fig. 9 2 Bz,
;J P 500 WEEESZE 15m/ha BLEOfE
5 XU, RS O FRGT A/ N
< , =
T B> THEMIEROEIIFAL B
10 2 IR I B DS, MREBESESE
oOE OB OE
Density of forest road (m/ha) ZVE, EHEOR/NC X - TEHERM
Fig. 9 MWERE & FHEMIEN s N =R zZlam
Average distance of haul varies with the density BRAET A5 D MR %ﬂ:j’é £a
of forest road and the area of stand. b,

®H 1md HooEHME (K,) OF:H
BB T L <, SR FA TR S OV RS & TSN - OBIRAT & 2 & b
W, MEXDFEM 1m® 40 0EMBELZHREBEOKKE LThobT o LT 5, Tbb
@®) Xz (1) Kzt AThiz,
K, (M/m*)=a-a(va7FF—d,)+b
=, (VA B —d,)+b (9)
7L
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_kA
- T
104z
P=ra
a,b VIHEEEHFT X > TEEDER

a

M-3-4 #% N EME

i hkPa AL B

EMBORT, SHEKE LOBREETIbD YA S TR E D KHMOMER, 1
BEHN OMEBEOIMIT bbb T —ETh 500, HEMERELZRET 5 EAEKOP
Ca B BERE W, MEDBRIC L - TEMMNEMCERZ Sh 5B OEME T bbbk
PREMENL, MRThEZERCAND BEXHD,

—fi AR & SEMEEEE X ORI, EMEEMRS TISEMERIEAT S LV O EIT
MERWEEGEAEET 50T, FEKNEMEROEECT, FHEMEROEEIT W)
HMEFALLR—DEFAZAVLORELTHS S5,

Fig. 8 ICRLEZEFACEVWT, ha %) 0BERE—ELRETIE, FEkNEMELE
WS DMOTIEMIERE L, LMD SHMOEMEEM L OER (X3 ER) OMEF
BELTHLbT I ENTES, Tihbb, M 2% (m?) icd MO FEEMEERE L (m),
SRS ERSy ARIL (m?) T3 DM O EEREMEERE AL/2 (m) THH 55, FHRMEMEEREIXRRN
cHBbIh5,

202nkL+AkIL(EL(2) (m)
202w +-4kIL

AP =
_ 2(I’zkL+1R*L?)
= 102 ™
Linpic d,=L/A, l=a(VaFTE—d,) ThHBHE

kld,
5000

R PEI B = oo (I + R Ad,)

T A+, —dANETER) (W) (0)

FH 1m3 HooKNERR (K) 0FN

KD+ 5 v 7 BEE, BREIEROBEC X - THAEEY ) OEMBEIEH TS, v
R D RS T E 2 RAGEMKO 1km « 1m® % 0 O@H¥EEL U (F/m-km)
EFhuE, M 1m® 40 0EHRE K, BKRATEZLNh5,
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K. (P%/m3)— (d *+pd,—d,*d,*+B)

5x 10¢
=¢,(d,*+pd,—d, v/ dFFP) 1)

=L

kra?U kRBAU

5% 10G 5x10%z

kA

o=
T

C4=

10z
b=2ar

LA LERZAVIBEACEELYETS 2 L 13, BEOERAMOBIRAFAEE 7L & iIZH
— ORIV, BEEEFENECHE L TIREVWERE 55 2 L 88, HEEEISEIT
7 BITE C OBERSEECHE D0, TOLSREAIIE, THEEOMPEHEESEE : ik
LTRYITERERD, ZORDCHEREREDOEDED LI ESHEHENEHERL 0D,
- CEE, WREMEERECET2HEZ RO {fThR5SVEED S,

-4 BEKREBEOEER '

BEMEREZRET H5-00%FM 1m® Y40 0BREHK K 13, $cic -1 ik iiml
k5, WEMHRE K,  MEEHE K.« $H8 K, 5 IORMNENE K, ORERER»
LHERING, Thbb

K (M/m)=K,+K ,+K,+K, 12)
@, ), 9, A1) Xz (12) KR AThiL, )
K=cd,+c.d,+c;(VdZFF—d,)+b+c,(d,*+pd,—d, 2/ d?+B)
=cyd,2—c,d 2N A B (61 +ca—cyt+ef) d, —l—ca«/erb (13)

7L, UHEBEREMAICAED L <VEEESMES D (m/ba) i 2 BE CHR S TW B G
i, k& 6r-d, V3 e(d,-D) LD, FERRICHERIE D, MNICAERR L CWESEOEE
% D’ (mfha) & U, codr % c(d,-D’) & LCEHETIEIVOTH B2, BEMBHEL KD
H%aE (18) RNoBREELLIRS,

WCEEMEREEIR (13) XoBRAERKOEZR/NE T 5HEHET Bowb, (13) 2% d,
COVWTHS L, TOEERFREL LS 4 OZROMEThIEERERRE L 8%, Tib
b,

dK 5 _ c.d? C3d,
ad. —5-=3¢,d,*—2c,d,A/d,*+ B Vaitp +'\/dr2+:8

(14) ROFEDEELE BNCT, d, TOVTERTHIE,
3ci2ci 420+ ciP)d A+ [(e1+ca—cstciP) (e1+c2— cs+7c4ﬁ) (cs— 2c4,B)2] dz
+(01+C2—Cg+04,8)zﬁ—0 N ' (15)

(et oot C46) (14)
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EROERER G & B 2 T
R.,d*+ R,d,*+ R,=0 (16)
=L
R =3¢c{2¢,4+2¢c,+¢,p)
Ry=(ci+cs—cyteyf)(cr+c—cy+Tef)—(cs—2¢,p)?
R;=(c;+c—cy+c,p)2B
d, DIEFADERRD 22vhd d, BEERRRTE52515,

d, (m/hay=y/ ——%i J/ (2%)2— Ilgj an

Y
ry
™

¢y

_myr,-C, [Zn—m+1+(1+p)2—1]
T q(1+s)d, 2n My,

- »n+1)C,,
®72(1+5)qd,

akA

T

03—

aa

c= AU _ ma?U
T 5x10°%%  5x10°
_k4

- T

104z
P=am

[44

n FHAEEOERER (F), m: WEBASOIGRER (B), b WEEARSOBAFIE GEF),
Tmi M FHFERT DHEOEEBRARS, ¢ EMBIRD, s MKRER, C: bl THBIT
(f/m), Cp: WEOEAEY D OE THMERE (M/m-4), U: EHMEE (F/m>km), A: BREM
mfg (ha), dy: ERFFOBAERY O OER (m¥ha), a: EHMBERLK

(A7) RORGHNITH D £ FE5OWTHERLEMIE, Ha0stErric (14) RefvT,
WRIEARE 2775 - 72 D BITIRE L I i 7 S 750,

A7) Rz AV E—~SEEWEBREOHESTE b TH 52, Mbes 2L < (17) o
TERIC VO N RNEMEEED - % — v T3, REOEMEBSCH L TEEESEL LD, &
RIZB I SN ARNE B D72 DI HEBE S R YITBINLEE 5 2 9%V, T (17)
RPOHH L ckERE, BELIGHEWEEEL 2753 2 LI3REHTH - T, TheknEiE
L THIET 2 LERD 5,

WE, HEREZERLZVEEOKEBER, (15) RiTHVLT =0 L5 TLicky

’ — (c3—e1—c5)8 , o
& (m/ha)_/(01+52)(203—61—02) o P (18)
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Ldbbt o TED, (18) ReLELNT d/ O, HEAEEY D OFHAMLE, B
FIUSHER K — v L TOEMEBME R L 25 LS OWEBEE TS 55, (17)-18) WX
POEE LI REEEOKEOEE, (10) RTE X 5N 5 FkrEMIEREC 3 2 EMBR DR
Lz BB, o T OEEGEY IR EOKPMEMIERE, BEOHMEMEROLICIE
Bllies U, @KEMER T 5 0 BET 5 2 L BABRETH D, THhbLEEHEBEDEIE
KR O T E L fimbhu,

4o ('\/d.,z-l-ﬁ _d'r)

[dr] ’_‘dr/'—(d'r/_d'r) B

19)

rzie [d): BEKERE
d.: A7) XXV KRDLMERE
d/: (18) A& VR HEEE
B: JEREMOBEDIE (m)
-5 /X 0@ERAG

AEc sV Tz, 1) RPCBVLNEERTFOEEZHEOEKAZ b LI LTHREL, RKE
DEBETTE T HMEBESVDG BIEE 7LD reHRT 5,

M-5-1 & # o &%

EREAM ORI

EEEtoEE: I-1 TRV THELRL B THEH, Ok 5 HiEERMIERHKOR
Y CIBEEORERME b o T—ISH TED 5 2 BT E S, RAKOHRMEXICH
WK, 20X S iR EREIHIEE X S im0 g, BUCHGERSEIRRIC SV B RN RIE
B (SHOEBIRE S X OMIBHERE) 25/INE5 Lo s & B GF, ERAOTEREI
DL SHiZERE 7 L 2R PR T 5 2 LRARETHS 5,

T > TARBICE W, BEROERMAMZ BRIREDSE LT50TH D2, EEREHOM
B A EEOIEED: « ha Y ) OSTAER - L LS oA sh, ERRCRWT
PR AL EL, BICIh2Ro s LEERIRBCS S, LrUbAEOMP R X
CAEFROHT, HEMWRENEELDNS a) ARIUEKIC ST 5 EHEBEMIES, b) &
ST BT B b T 7 REMERDOZODOHEERE X G, ThThOEIET K REWRTE
H, BIREREC R B ERFABOTIE, FEBX TIITERK 2,000 ha~6,000 ha (15 £
40 4 F 7213 50 48) Py 3,500 ha, HYAHLR Tk 3,000 ha~13,000 ha, ¥ 6,300 ha & 7% -
w5, o

fESR, EMBRAEEEFTORERET, I OFMARLE SR 10,000m DLE, K3
B 15,000m® DLEDH BHA L SRTVH2D, (UICEHERATHOFLER 200mha, KA
KR 150 m¥ha, R 50 4L AL, (EREILOBETRIISHEM 2,500 ha,
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IREER 5,000ha L7535, DlLEDHAEMEL T, REICHVTIE, HEWIC ST 5 EHEIE
HO%E 2,500ha X0 5,000ha, EAMITHITS F5 2 2 EE DB A 5,000ha 5 L O
10,000 ha &> 5 fEIREIHERE S V-3 2 2101 3,

HRERBER

—RRIC, HEEXBR TR RAHEBRLCRS Sh, THEISLICATES - TS
B - RS RR - A - R - TEMASCHIONG, MEREY - HAOHICE T
&@ﬁ%ﬁ%é%,ChB@Fﬁ@?&Tﬁ$¥Zﬁt$TK&%@T&%#%,CCKm5M
ERRBRERN, THRIRIEREE O, ThbbEEEBAELIST 0L T3, CoT
OIS HHERBREL LT, MREEREMOER S L CkORELE5L5bDET5,
IHEMR OB 2,500, 5,000, 10,000, 20,000 [/m
RERPROTEBREE: 1,000, 2,000, 4,000, 6,000 FI/m

oE# R : :
PREOMESEIES, Vo 5 BHOMRRHER & KEIC X MR, 25\ ke T
BT BT LDBTEDY, HEIED CERMPO—RIEEXLNE5E, CHLICOWNTILb
EERRAEOOL, FIRCERLT, ChitELRBEREE 22 FOdIcEAT DL L,
C CTIMEWANC BB B MERS « MBS R R ET 2,

BUE, WEDHNIERY ) OMEREREORBEIER & OREETH 2 b % EEDER 5 1
BlIhix, Table2 Dt kb Ths,

Table 2 WIfN 37 REEHE (ABEY) MFHERBEEEH

Annual cost of road maintenance in Tokyo and Obihiro National Forest.

; ” 14k 24

o E | | ELRE # ®_) e e 142
¥ ¥ r|ormer| o )

14k 15,827 | 3,110,611 | 1,974,577 338,986 | 5,424,174 343

XX =B 140
2%k | 575,078 | 43,101,020 | 30,133,795 | 4,342,594 | 77,577,409 | 135

it

1% 463,003 | 51,981,103 | 22,975,706 | 1,570,327 | 76,528,136 165
® R B . 154
2%k 723,791 | 75,740,685 | 28,615,798 | 2,288,050 |106,644,533 147

(RIMRERR, RRTIFLHR, HEERIENKELER)

Table 2 ic Liuig, il (HBHELE) OMEFEEEN, £ 1m Y v§y 135~343 /m 2 %
2 TV52%, 1.2 ROBHIZ K5 FCOFERIES &g, HRERRTI3E 140 f/m,
WREWRTIE 150 O/m &7 > T3, RBEICEV T, PRABHERHEEE D515 D B LTI
LBRER(LB LOCTHROEBLEIEL T, LROKEL Y SSEADMEE L Y, HHKE D 120
Mm #Hn5ziTT5,
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MR & M EERE & DRI ,

(7) RICTFTEMIEEEE: EEER L OBR, ThbbRRORBPCECHE, EETE - 1R
K« TRERS X OCEMIELE « MU - ST« AE R EEBOEERMTIS U e SGRAR L
BTh5,

TR OBOERNE, FEHEBEHNETFOMADLEIC X 5\ L 2 OEFEEAICIS U FHEE
EERINTITHE Sh, (EEHE (TE) dISESEENRDIDOTHS L EBLETH L, K
BECRIEESRBED THRTHHDOLAST, (FEEEIZEERST L CRIBLRELERL
TWBEDT, VWEEDHICKSIEEOIEEMDLMTRHECART 5 & 5 nEMiEl s £ERE D
BiRa ks L, FECEBETHS, o T ZTRBEAELVEORRNWEEFREF X
SHLEMERS I b5 7 ZIC X BIEROH,L, HEARTI RT3 5 % 1 B 1F 3
(%) BIOBRHITO + 5 7 2463 (REX) 2L, SIS 852 2 b L ORICErE Y
DX 5 BIR3D B 0EAN, ThEBEREEEORERNCHEAT DL TS,

PRI IEEE & AR L OBtRE, MEFTER "R T e e ADEER" (BB FE) X
sk, Table3 DLk ThHB,

Table 3 EigfEHfEaREE £ R b

The unit cost of hauling in accordance with average hauling distance.

® M o% ¥ [ S (-
! (m) wy | YD ) sy | Y TYm)

80 ‘ 3,749 t 729 ' 270 706 780
695 } 807 ‘ 1,767 ; 400 2,515 794
565 " 1,122 1,138 500 2,798 581
380 2,307 5 912 680 1,356 1,070
505 2,187 1,221 , 800 2,563 1,381
120 2,094 568 900 2,135 2,007
160 607 1,026 780 6,623 1,112
440 1,193 899 750 404 1,576
340 2,763 728 600 655 1,119
530 912 1,133 300 1,265 649
330 1,484 1,010 ‘ 480 8,159 1,008
280 800 603 530 12,247 975
330 1,230 735 400 10,738 866
165 2,508 - " 558
235 636 992 - 1m3 X b OEMRMICE, BRENESEEND
345 1,906 1,085
700 2,404 1,403
605 - 1,170 1,630

F¥srkE D 0.5~1.5md/K B2 = hvae SN 1.5~2.5 m¥/%
s Kk % # 250~350 m3/ha I % M M 60~90 m3/ha

R & i # (30%)
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Table 3 25 HZEEMEREE 1m® %) OEME L ORFER/DEATERTRDEZLHTES
B, TTRRENEMBORICIIEHOEABSA > T3, EAEKCIZGER, EHE- +5
7 2 FOEHERY 54 L Ew, FHSEAELEEERCRLAZMEL 1m® %) OfAME: L
TV 05, ERICRIEIRPS S <, SM4AEEMBECAORVEEITIE, 1m® 4D OEAE
LIED THE L 5, fE>T Table 3 »OEBICEMERL £M 22 + L OBKRE kDB 21X
WY TRV, £ THERABOEBELZLEL TS5 Th 52, WERICEMEOMEY KB4
P B 120 ), b5 2 5% 3~dton % (WA 230 77), SARAMFIRY RS
BOWTNDL S (/X URF 38 FED S ITH/IC "EERMEHE" SHESh, #kic
Ko THRDBRILD) LU, SLICFEERKNEZEMEHK 10,000m?, 5 7 2 #X 15,000 m®
&AL C Table 3 DEZEETIE Tabled 0L b, AEL ) EMEEHEEMBEL O
Bitkz kdudiko L k0 L 755,

£ M OB 1E ¥

K, (M/m%=1.471+288 (a=1.47)

5 s aEE

K, (F/m®)=1.571+215 (a=1.57)
Table 4 SPIHEMERM & EHE (HABRELR)

The unit cost of haul in accordance with average hauling distance,

corrected with respect to the cost of repayment of machines.

E B F o7 & %
! (m m? Yy (9/m?) ! (m m? y  (FI/m?)
S o T | R e )
80 10,000 689 270 15,000 159
695 " 1,494 400 " 642
565 o 948 500 ” 448
380 " 832 680 " 762
505 " 1,135 800 iz 1,233
120 ”" ) 477 900 " 1,823
160 " 655 780 " 1,074
440 " 722 750 " 468
340 " 665 300 7 316
530 " 894 480 " 983
330 " 872 530 " 968
280 ' " 327 400 " 854
330 " 564 600 " 448
165 7" 486
235 " 639
345 " 983
© 700 /" 1,327
605 " 1,449
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M 1m? 50 0EMRERERE & OBRK
RIS CE Shic itz (9) NicRATIUE, FM 1m® Y0 oNEME (K) 385
h, RXTRIN5,

o 11 i 1 %
K, (md =" T4 (i -a,) 288
b7y a2 R
K, (mjm9 = (varTs—a,) 15
7eiZl ﬁ=%§z(%¥KTékbk=labﬁ)
HAE MR

FH 1m® Y0 oMMEMER (11) RXVEET O TH 505, R oEMEM U X, #
2 OIEBRHM Z & @S B E COBBTSTAERZ V5 2 LRiio Lk Th 5, &
SEQEEIC 55V 5 HEOMAEM, FEMORMBTIC - THE D EL - THD, 30~
0km CHEXSFBELIHTIERY, X > TEABICR VT, EMEEZ 40km LEEL, Zh
3% 1km - 1m® %40 D=2 b 15 [EEHT 2,

Z DM oEH
TEERATHL DX n=50 (%)
b7 a2 n=60 ()
&N E & OEFR p»=0.05
NG & DEEER m=15 (4)
W AR D g=0.75
RICRILTER (SATRIX O %) s=0.3

Table 5 &£ HEHF*—%

Assumed conditions.

LR T E N Ak AT =1
b I fszE B
N C,« (Fq) Cm

Ml EBR) R
AR 4

YE3k: | mfA
A(ha)| = P m

2 b UM d, (m?3/ha)

R 2,500150(0.05|15(0.75| 0.3]| 2,500, 5,000, 120 | 1.47 | 288 | 15 | 50,150, 250,
% ‘¥ 10,000, 20,000 ) 350, 450
5,000 50 | .~ " " " " " " " 15 o
ey 5,000 | 60 " " ” — 1,000, 2,000, ” 1.57 | 215 " "
7¥ 4,000, 6,000 :
s 1 10,000 ! 60 " " " — " Vi " " " "

(Fo2 UEMBMR 38K, 57 2Kk 30% Rk +53)
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M-5-2 @EMEBEEOEER |

bl ZE ABELAERTFOHIEE (17), 19 RiTRAL T, HAEHTICET 5 EEHKE
BEZHEL, TOBRZHATRLZS D Fig. 10~13 ¢ 5,

Table 5 13, FEOLERT OMELENPEVERTHLH5 NP EHLTHELALO
THY, AEPL (17) RCRATRE, ¢, 6,65 ¢, f SORRIKIEZFH Licd Do Table 6
Th b,

Table 6 {% %k il 5 I} &

Calculated values of ¢;, ¢z, ¢3, ¢4 and § in accordance with conditions.

cE
\\” 50 60
s S 1 2500 ] 5,000 [ 10,000 | 20,000 | 1,000 | 2,000 | 4,000 | 6,000
50 68.77 | 137.54 | 275.08 | 550.16 | 36.53 | 73.05 | 146.10 | 219.16
100 34.39 | 68.77 | 137.54 | 275.08 | 18.26 | 36.53 | 73.05 | 109.58
150 22.93 | 45.85 | 91.69 | 183.38 | 12.18 | 24.35 | 48.70 | 73.05
200 17.19 | 34.39 | 68.77 | 137.54 9.13 | 18.26 | 36.53 | 54.79
250 13.75 | 27.51 | 55.02 | 110.03 7.31 | 14.61 | 29.22 | 43.83
300 11.46 | 22.93 | 45.85 | 91.69 6.00 | 12.18 | 24.35 | 36.53
350 9.82 | 19.65 | 39.30 | 78.59 5.22 | 10.44 | 20.87 | 31.31
400 8.60 | 17.19 | 34.39 | 68.77 4.57 9.13 | 18.26 | 27.39
450 7.64 15.28 30.56 61.13
¢z & (Cr=120) g & ¢ ® (U=15)
N~ 50 60 s
C ~ A A 4
g, N\ 120 120 a=1.47 | a=1.57
50 62.77 | 97.60 2,500 | 1170.38 2,500 5.97
100 31.38 | 48.80 5,000 | 2340.76 | 2500.00 5,000 | 23.88
150 20.92 | 32.53 10,000 5000.00 10,000 | 95.54
200 15.69 | 24.40
250 12.55 19.52 Breafp &
300 10.46 | 16.27 - - 200 o o o0
350 8.97 | 13.94 ’ ’ ’
400 7.85 | -12.20 B 6.28 3.14 1.57
450 6.97 | 10.84 B 37.49 74.98 150.00
Ii-6 & b=

EEMERERERC AV S S BERRAS, ChEhBEORECV»L5FEE 5 X
ETHEEETIE, FFDRhKROLEITHS,
M-6-1 HiEBIREOY |
EPH—IC, HEWERELZRET 5 HACBD TRERER L K o WEMRE < BT 5 %
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T [ |
7 e el 28 LB A
5 _ | Emio — &8 . | bmkp "
S0 w Cr= 2,500/4/m S g8 pler= 2,500//m
w25 T &0 - 525 | Giom ‘
;‘ ‘25 Cr=20,000 » " i- §_‘E’ Cr=20,000 ~ e
i8S — | gl =
2 H g #
§ ® 4 ,/ | g ¥ . / / |
g & % AR TR g & g 7 SEHH: AR
28 - FUHER: , So0ha - - ETIRE: ¢ oooha
[ ] L O = ! |
100 200 "300 400 100 200 300 200
BATTFRY 0 FHSI AN (m¥/ha) BATEAY O P AMME (m¥ha)
Average volume of timber in cubic Average volume of timber in cubic
meter per hectare meter per hectare
Fig. 10 Fig. 11
I 1
16 skapaasein T
By | &t g |
b g - Gr=2.000 fhi / :‘”: o FhERAR B r
3= Cr=4.000 ~ L I R LD L
w & = B Cr=6,000 ~ -8 B 'S 12} Cr=1,000M/m
8T E P ZEE o
- r=4, ” -
f;‘ gq% / /_ i ) \g Cr=6,000 z///’
2 5K 7 2 a
o & B 8 / @ M 8
© % 7/ £ 5w //
g B ¥ / / © g bt / /
g.s}a A EHE: 2728 g 5% ,// BB LT 2
H g 8 /2 AR : E.E (= R i
a 3 A=5,000ha £ g ®| A=10,000ha
o = 8 8
I 1 © =" I {
100 200 300 400 100 200 300 400
BMAEAY 0 FHLAM R (m¥ha) MATmREY b EBIAME (m¥ha)
Average volume of timber in cubic Average volume of timber in cubic
meter per hectare meter per hectare
Fig. 12 Fig. 13

Fig. 10~13 @EMEHEDHZES

Calaulated values of optimum densitry of forest road.

B, b MAHGEEECH T 5 AERR B OME 1m® Y O/IEE ¢ 1, 8 2DERT
BERINTED, FOBRETRTOORER LOM¥EEHT X » T~ OTEERRM Z & ITE %
LEKTHD, € ZRETLEROPT EEKBOME « M X > THIZ L ICR(ET 5D
DU, BT PCHEREM C, 3 X CHAEREY ) OMAER d OB TH-T, AEOMA
FELEMEE LOMETHL»D, EBOEEZ LD LI TERVERETD S,

foT ¢ DEIFEELT C, XK d, DIEC X » TEASH, ZTOZELORIE Table 6
CRENTWEEYTH S, MEICIIE, C, BEARDIEY, ¥l dy BAEWVIEE ¢ Off
&L s b, —F%, Fig. 10~13 2 BAIRHIHERINS X 51T, o OESHEINT 513 EHE
BEMETT 5, COz ik, WEBIRMMAEVIEY, X5 CHERREZAIRT 5 IAMH
DBAIIEE (ha Y D OERBIDIITE) BEKEREIXETT 5 L5 RRICRE2, Th
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BUROIFHETH - T, 2O LD, SHLIBEDEMILKEDHR L #ORERLDI-DHD
PRI 2 SEHE RS E 7 2T HRTE 5 02 hE, MOBBIR MM 2V 26 iC U CIRERIE S Lo, MR R
HENOHKZ EDESICLTeEME VS L p, BEARELLSC E8MNE 5,

70T, MOERIRREAMN L &5 TR OWE D, b AE O BRSO ST X D Hifl
BT IR B A0S, £ OMHICES L RERIEC Y5O T A U AT E R b kb, KiE
JRAID D ZTHRDZ & TH B,

REICHWTHE LHAHTIC kT, 8% 5~15m/ha OBERE U TH S & OfEER
BoNTn, ET BIChHEIT I 5 WHEF A A7 B RIS EANIIEE ST 6 U 7@ E i bl g
Ez, HxONMAEED & ICHURT S 2 EAME D BFETHS,

I-6-2 £ BEOFHE

FAF 1m® 40 OEMBECHET R8¢ 13, ARCHMOERIRB L IR Y, EERWES
BT 2 M BE DL DT HIETIIA, TP XIE, TOHOKR/NT X > THbIEEDK
INER AT BT LRTERVE, ¢ OilRISET 5 EHIERIEHED SREK o oXNg,
BEOREBCRELFHEZR-L, RECINE ¢ OEAEITREEVEBERMELNSL Z &
DB, a DESERT S L1, EMEBOMKIC XM 1m® %0 OEME MR
FLD L EB®T B0, TOXIAETER, & X B/NIEMBEM - +5 7270~
VEM b7 7 s EMERRAT 5 AL, EMBERINROBBIEME, 72k 23« AR
EMBEC L o E/MERRATDHEL D DBV EEOWEREAL S5 L0k, 20T Lk
HESE RS DERL TH 90 ST B 2L TH 5,

M-6-3 MoBEMEFFE 35 X OWRPIE B 0 225

BAMERE IO 5 BRI RO 1m® %) 0/ ¢ 12, 6) Rick 52503
5, FRE VLD 28 L, FICTRRFMO LNk FES #, THRIGER s, EhBLD q
E—EEEZIE, ¢ OREIMEDBEMIERY ) OFERBMRE C, CHAFIL, ha % b o AZ
RUCHHEAIT 5, Table 6 & Fig. 10~13 X 2 HL#THUS, ¢ OEMIRDT 213 OB EKES
BEOMRBAIT 255, Co OEPSEVIEEBEIZE D, Cp 2—E L TiuE d, Offint
KRELEBIZEBERIEL LD,

HPREM B, (A1) RicEH»TIE%E 5 L ERAMOBROA N AL SHBERE RS, ©
NI —OWERE THIUE, ERICHH L TREMER LB L5 E VWS EEEF A2 HEL
b TH-T, BEOHREERYX V7L LOEMERAEC EEIhE 05 ThS, ito
T (18), (19) Mz & » ZOHEMEBEE R BETE, thofthn—rn o, BRI OERE
DRNC oS FIRIEFR—DOBE L 7 5,

Fig. 14~17 13, MGEMERE S X OCHRPNEMBEOE« DORELRR L2 b0 TH 52, RN
FNT, iR O BHEMERE - KMNEMBONL L b EE LAV BEOMEEETH S, Tk



bbb, (15) KieENT =0, ¢,=0 LBV TEN R

b=t
X 0skdHBTH Y, @ IFRNEMBOLZEE LGS, Tihbb (18) XX hRkdicw
B, @ 12 (17) Rk ko Fihs, @ 13 (19) Rz v THRNEMIEREZEIE L 72EIE
WEEEZ S5 b T TS,

s @, @ MOBEOEIMEFSRBECL > THRDLINALIDTHI, @, @ DEETHKN
EMBORELZRLTWEbITHEH, BAEMERE LT, WEHRES X OCHRNENRDK
B3, POEBARMMAME VB IFICIAE TH S, 0 EMNEM B ERER R T TR
NI, RENCEELEEREERTIIRV L L2505, > THREOHIETR

- (20)

L~

- EXD
@; (20) i & b ghig
®; (18 ”

L

BMATHERAY D O AME (m¥/ha)
Average volume of timber in cubic
meter per hectare

BHAHEY ) OSEARME (m¥ha)
Average volume of timber in cubic
meter per hectare

Fig. 16

b
]
Q ®;(19) - . !
& @an - 2 I 3
a o~ ] R ECREL
Sy & " // E % 219) /
28T =t i~ ’ :; L
258 ] g3 |@ow L
a9 P >
st 2 . ﬁ gE / L —
o — a o~
38h | /S 3w ~Z s e
o &7 !
5k / o g B
2 Y e § e , 4
o 5—o A=2.500ha o® HHTE
3 Cr=2,500M/m 8 452,000
S Cr=5,000//m
! L ~ 1 1
100 200 300 200 100 200 300 400

BMErTEY b O AME (m¥/ha)
Average volume of timber in cubic
meter per hectare

. Fig. 14 Fig. 15
b "
8 T T 2
g FD g

! 1

8 % (20) izc;%rﬁiﬁ - & 5 el kED
.o B Yreay v — T o & O 20y e L 2
% d'té % © D ” //: E E E @; (19) ”
_q:, g %/‘ § 3 o @ an - __—
k: ﬁ {% ’ Bﬂtmﬁ% k g :\T : ‘ A B R«
° & / =2, 500ha Ea‘ii ‘A=2,500ha
N frhin, - = A PR
7 chw OOOP]]/m @ Cr=20, 000/ /m
E 100 200 300 400 E 100 200 300 400

BAEMAY D O A (m¥ha)
Average volume of timber in cubic
meter per hectare

Fig. 17

Fig. 14~17 {lix DFRFDOHE
Influences of each component such as ¢;, ¢4
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Eo®zEx, (A7) R~(19) KRorb iz (20) X&2 AV THIIHELHREIBEOhD Z &
Brird, , ‘

MOE ORI MR HAIT, MEEREIED TR X R FEN 2 - D1, WEEHEOR S
L7 D K GHMGEB R DETICE - THEA BMENBHER, C PR pOBESEVIEAITIE,
MBS R O AR ERRBO BIACTERD LRI EEET 5 X 5T pbTH-
T, -4 oZHTicEsW Tk, C,<2287 H/m O T <c, L5305 THS,

DO ORR, ¢, €2 OEZ/NILTHC L1, WEBEOIERIC L » TRED THRNT
HY, S, X VENTKREREZECEERBEROLDITIL, BRILETI LA rr—
= VOWEIC X BHEREL S CCHEMRRBEORBIC O L D5 Z LMD TEEE LD L
BdHH A, BICERILIZ X 2TAERDM LORERS T, ¢ BHRO 7D IR TIEA SR DR
PCBT B8, &5 VIXEEHREDO LR X 2B, 35X OTRICHEEL ZZiERkE D
RFMICBIT 2%, < OMLVITEOERBLEL k> T BT LB52 5,

IV. REKNERE

(A7) R (19) oS okd 7 BEMBEER, EREMEZNRE U BHEER, Lrds
®¢@%W%§M§(éﬁﬁ%%5@)@&%%¢k?6%§?&otoL#Lﬁ%ﬁﬁ@%m
BT, WEORTHRENE, MORAREEMEZERE T 5EMEERIOLLS T, &K - S
<ALl s HRREER Y, AMEEOBRERES SRR B X CHFROBRLICE 2 T T4
TH- TABLOEREEL 5D THY, TNICE » TEEOELEBORK « SHEOTIR:
E, REEHESOMBNLELINDE T LV ETHAV, - THEIAM OB RICL
D, EMOEERICLOREED > THKD ETHARLIE, MO REO—EIGES A
WEMAERFICEZ 55RO % D - T, MEOHEREZRET S LIERHHTHY, K
R R HEIOBILZ B E T5BEDIE1E, REDHLW LEPNICE 2 5B 2
S LT BT, BEOUSE R b IS BT T L IR MATHS 5,

L L 8B BRRRC 3\ T, RIEFIESMNC 5 2 5 SEBIR OB HIc v Cid, Bizzh
PHEWTH 5 LBEMCRDLNTVSIGRE T, FFRENLBRIERE LI TRV Yy, &
ZIEEREEC BT BHIEREICD - Tk, HEOBRITX > TREROBIIHIE AL, 1B
PO X 2 EBNHO LR, B5VITEMIEOBRILE A Y- F7 » I X 2% E
OBRBAE, bALAH0FEPHHIND, SLTEBREICHNTD, EBORR(L - EED
BEHLICED < EHRRBETEF Y OHES 4, —RERBOBERLYR TSN 0 TH 5
2, THRBIEVThD B AL L K505 CThH - T, TOFEILBRELNAZ &
m&moko%nm%%bﬁﬁmxwr%,ik%ﬂ@m%wr%ﬁﬁ@%m%;bgﬁm&ﬁ
BPLRAL XS L T35 L, ZORDICABORBNRSAL WILEHERET 55
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DOFERIBVELEINT, ZTHNCHAL > 5BROBRLTnbinhr o7 d TAHTKE RRRN

L% T DHBHT R\ S EBEIEE, WEEOBRELRNE, OV CRAIRI L RERE O
FEBHIZE > TRARDERPFEHEFZZ TLPDERETHS S,

AT DL 5 BB ANRS, BREAICEWT, FARHENSHERIETEOIRE 2%
AL 95 —20WhERFE 2 FH & LT, HERBEORERLE X CAELOIERE & It 5 B~ DIRE
P, R EM LR RN T AER BB BDTH - Th, 9k, Wk - EH « & - (R .
REBESICG 2 5 S5 ROEHERZMFL T, BEOLERNOFTIR Y OREZHEITH L T
775 LW BRI D, WEMIETIRE (RFMEHE) OFELZ R AL 5L T530THS,
V-1 RREE R

FEROCE ZEASD, IREREBELRDHITIE, RALER (RAKNEEHE) 248
L3l b,

; ERK TR B A A, BMOAES X OWRE ETRAET A MERERICRE VT, &
WE - IEERZHAPRECET 2B L AhE, AEESHOERISEL 5 EMNE,

FlE= (BFEIA) — (REEHRE) — (£ER)

PR LA EE = (KB + GEME) + MMNEREME) + GEME) + (HBB) + GE k-l F -
RER) THODbIN B,

CEkRTBnT, RICREETHELMERRCHRE —EL AL, LEBEFOLRAK - ERE

« FEME C HB R I X OUERIES (RE R DG OHF) - HIE 3 X OVEREEMTS U E e
2T, RINEEMER f/NCT 2B, FIMEZRKCT 25E, TabbiizEic Tk
WIHEMBERE L85, o ‘

L@Lu®w,%k®ﬂﬁ%L??é &7 K ER/NROFIEIC & £, KREFIEIRPNE
EAR, A BRI S X OB RITIRAL 5 2 b0 & T hiE, X ORFOKNEE
MEE, ¥RTEFELS 2RADETHY, REMANEEMEE LS, Tbb

BRAFKANHEA B (K pax) = (TR — GREEHE) — RNEEM B DS O EER)

— (WER/NROFE)

7272 UBRF R A B O rpIC i MOBEBER B 3 X OB R & N5,

MBI OIAFIRE T 7 b bIRFMEEEL, LI ORAMNEEMERZ S5 2 5 X 5 LiEs
EThv, £OfEIR (13) Rickw T K:Km Lkt axo d T2 FRERAORLE LT
Bz bivs, LT TS EM - #EE - REEE, SR T VR IR O BRI R 0D
EEVEE, TOEOEMEAERTHRULME, $ThbbHEM 1m® 2 AT S EREROFEE
IR R ARk L, IR B TP b O R BIREE T 5,

IV-2 BRENEBEOEE

FHTHWSRTERDOTLLED D,
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I: BR5Efmts (F/m®)
I": DES/NROFE (M/m?)
K;: (kA% (H/m?)
K: &M% (M/m?)
K.: &M% (H/m?)
K,: 58 (M/m®)
K.: EiEEREE (M/m?)
Kt [RERNEIENE (F/m®)
Ky: #EEHEE (M/m?)
dem: [REMCERE
— R A ERIRAAN I, §Ciz D (m/ha) 75 5BERRMGE (BMANAE) BRI Tw5d
D& L, D(m/ha) OfCHFERELZLEL LAWAEY D/ (m/ha) % 30L&+, KR
EEME K 13 (13) RE VKO L ErhB,
K (M/m®)=c,d,*—c,d NV dEF B+ e/ dF+B+(cr+co—cy+ef)d,— e, D—c, D' +b  (21)
—7, BT X > TIRBMAEEMEIIRRICX > TE5 25N 5, ,
Koz (Am¥)=I1—I'"—(K;+ K. +K,+K,+K,)— Ky (22)
0 » TIRFMETELY, [RERNEENE Ko 2525 X5 LHWEBETH 525, CH R
D K Offiz Knux EENWTHELNE (23) X% d, (=d) KL TRIZ LR XY, ZOMRE
PHELNIS,

Koox (A/m¥)=cydrn®— Codrn?V dypn®+B vV dpn®+B
+(c1+co—cs+epf)drm—ciD—c, D’ +b (23)
4
Calymd (€14 Co—C3+ ) dym— (€1 D + €2 D' + K 1oy —0)=(c4d,2— )V dym®+B
MlE L CEHTE
Ao+ 0d, 2+ hd, tidyy,+ =0 (24)

Y
I
~

_204 (CID +62D’+Kmx_b)
- ¢4(2¢,+2¢,+c4p)

h— (1t cateyf)E—2cy(ci+cy)
¢,(2¢1+2¢,+-c,p)

. =2(c1t+c—cste, (e D+, D'+ K s —b)
1=
¢(2¢,+2¢,+c4p) :

. (ClD +02D/+Kmax—b)2—cszﬁ
7= ci(2¢;+2¢,+c4P)



(24) XEERLT

1

1 1
e (dm2+—2—gdm>x+—4-x2 BIMZD &

(w5 0+

1

2

=(o+der-s)a

X o TR LI i e B s,

e
> > s
—

LR,

ozl

Shitz et

& BX

[ide

z pkpbhich, (29) X&kbh y, IbHiC
Aviug, (25) ROGBRFLEFFRELZETTHEH

(d,,,,2+2gdm+ x) =< ,M/ x+——g2 —h +/—x2—] >

Bt
~ 3

2h?

27

(d,m2+%gd,m'>2=(zgz—h)dmz—idm—

1
2 -
i m +(2 gx (25)
1 e 1, 1, A
g2—i) ~4(z—30*~h)(go*—i)=0
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Résume

Needless to say that a complete forest road system is the basic facility which en-
ables the modern rationalized management of forest industry. In spite of the recent
progress in mechanization of the logging operations in the forest, development of forest
roads have been left behind for many years in this country. According to the official
statistical report of 1962, the average density of forest road in Japan which is available
for truck hauling, is only a little more than 2 meters per hectare of the economic
forest area. This figure is obviously too small when compared with that of European
countries. ‘

Ardent need in the Japanese forestry is the further construction of more forest
roads. Recently the Government Forestry Agency has made a long-range plan to in-
crease the forest road density upto 13~14 meter per hect‘are{ within .coming 30 years,
but this plan is a conventional plan without any theoretical basis. The problem, how
it should be the most adequate forest road density in this country to fullfill the demand
of modern mechanized logging operations and intensified forest management, has. been
arosed and layed under the focus of discussions in recent few years. '

The author tried to find out a theoretical approach to solve the problems from the
view point of 'logging economics. In this paper, some results of such investigations
are reported.

I) Optimum density of forest road .

This investigation is based on the prmc1p1e of minimizing the total cost of pre-
hauling of timber and transportation on road. To begin with, the mathematlcal £X-
pression of the formula for the production cost (K) of timber has to be obtained. It
is assumed to be composed of four components; cost of road construction (K,), cost
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of road maintenance (K,), cost of prehauling (K,), and cost of timber transportation
(K,) within the boundary of the forest area under construction. Each of the mvaries
remarkablly with the road system and can be expressed by the function of forest road
density (d,). From the theoretical model of the forest shown in Fig. 8, we can assum;
K=K,+K,+K,+K,=[cd,]+ [c.d,]
+[es(Vd2+B—d,)+b + [cu(d,*+pd,— d >V d, )]
In this expression, ¢,, ¢, ¢;, ¢, and B are coefficients which can be determined in

accordance with the conditions of the forest area, operational system of logging, pre-
hauling, transportation and other factors. The optimum density of forest road in the
economical sence is obtaned by the lst delivative of the above expression with respect
to d,, putting this delivative equal to zero, and solving this equation. Thus we obtain

2 1/2731/2
R A2 (O AR
R,=3c¢,(2¢,+2¢c;+c,p)
where Ry=(c1+cs—c3+¢.p) (ertce—c3+7c,8)—(c;—2c,B)?
Ry=(c;+c,—cy+c.p)?B
The density calculated by this formula should be corrected when it is applied to

the real forest, because the value of K, is overestimated due to the use of the theore-
tical model. The corrected formula for the optimum density [d,] of forest road is

the formula;

inally given as follows:

B’
—Ad7’_ ’__ g
[d) =d,'—(d,/~d)) -,

where

d/:[ (cs—c1—co)*B ‘]1/2
’ (€1+¢2)(2ey—c1—c)

B, B’: width of real forest area and that of the theoretical model respectively

The results of application of this formula to some case of different conditions are
shown in Figs. 10~13. Furthermore, some general conclusions can be obtained from
the analysis of these results; such as the influence of the component of road making,
road maintenance, prehauling and timber transportation.

II) Marginal density of forest road

The forest road system provides various merits for the management of forest in-
dustry. Therefore it is not sufficient to determine the density of forest road only from
the view point of timber transportation. It is desireble to expand the road system to
the higher limit, providing that a certain level of profit by the timber production could
be maintained. In this article, the marginal density of forest road means the density
at the higher limit in this sence. The author assumed that the surplas current profit
of production is thrown into the road construction successively.

Finally, the author presents his best acknowledgment to Prof. Dr. S. Kato who
gave adequate advices to him.



