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Table 1. 7, &

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

w 4% 4.59 2 2 9 9
2 5% 5% 5.5% 6% 6.5%
EREH
5 0.225 0.228 0.231 0.234 0.237 0.241
10 0.123 0.126 0.129 0.133 0.136 0.139
15 0.090 0.093 0.096 0.100 0.103 0.106
20 0.074 0.077 0.080 0.084 0.087 0.091
25 0.064 0.067 0.071 0.075 0.078 0.082
30 0.058 0.061 0.065 0.069 0.073 0.077
35 0.054 0.057 0.061 0.065 0.069 0.073
40 0.051 . 0.054 0.058 0.062 0.066 0.071
45 0.048 0.052 0.056 0.060 0.065 0.069
50 0.047 0.051 0.055 0.059 0.063 0.068
55 0.045 0.049 0.054 0.058 0.063 0.067
60 0.044 0.048 0.053 0-057 0.062 0.067

IMI-1-2.  MRiEMERE

REEER CIRMEERE 2 ERIRB T A HRTIBRL Tk D, ERAEFEOEE
BE) BT 2L 0E2F 55, K, WEOHHEICIIEREROLERC D> TAB)
HEL L CORELERERE LD CLERERNR DO L, EMEEOIBRITILAIL 22
BELOWUEFBREFNTVELEEZLNS, £LTIRLDS L, ZRE & BRSO
EE Y D OFEMREL, MZEREHOE PN « EHISHD 5\ W IxK G &N, WED
Bk BESC X > TERZLRIRELERTHH LEXOND, DT LX, bBEORER
RERHE T BRT L OMBEBTHZIEE LT VWARIKED KL (Table 2) 25 b H5BE
SHHH T EMNTED,



Practical values of road maintenance cost in some forest roads

Table 2. ZAFMHEIC BV BB E®

15

# it £OF B & B OB % tllm =)
B % 4

Ea™ | Tamy | P am | Fem ™| BA B A% o8
&/ W 7,176 13,843 1,615,426 768,962 0.48 225 107
TF K B 2,843 13,387 76,246 208,516 2.73 27 73
A H OB 5,061 9,879 382,327 464,385 1.21 76 92
=] a 5,154 6,597 228,012 399,928 1.75 66 78
53] il 21,768 11,283 2,305,543 1,723,424 0.75 106 79
H R &5 5,581 7,167 280,490 440,829 1.57 50 79
w )l B 15,838 7,548 1,108,006 1,215,496 1.10 70 77
hi=¢ =) 12,204 9,098 800,338 894,199 1.12 66 73
® ryr B 5,647 11,619 562,510 404,048 0.72 100 72
R B 817,655 724,420 0.89 86 80
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MI-1-3. #4158
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TILERTES, Thbb, ,

Ki=cy(Vd2+B—d)+b 1
7272l
6 MBI T EK=a-a a,b: EMEITE > TEE BEHK
II-1-4.  FRpEHH

—RICEM BN vk KRR K 553 5 & L3RBT H 528, {70 10 A BEH 5 B D
«%5%%&®§M%,ﬁﬁ&B@Kﬂ%ﬁﬁt®@ﬁ&iﬁmﬁm%ﬂéﬁﬁﬁiéif®@
MECKS T2 2 F10E, MRS CCBRERE LOBHM L, LB PN o FE D A
CODbOLIRETH S 2 LHERE 2 EET 5 RBEKO P &0 5 NIV, L LKA
EWESBIR SN & L IT & o THRMASEICEE 2 5h 2 85 0BT b b bk A E EME
Vi, SARBESEABET 5 ERER L L CRRbIER S, .

Lo LEE LI TIEMEMOREC A\ L MU EF A2, H 1m? %0 obkA
ENBERBEBOPICED S T L2720, RIS AEMEORITESR & L Tok
E?ﬁb%%é%ﬁ&%kk;u? CEED, MWBEPIRE L SthoEZB AT THL < En

CRPPDLTHERERIR DML T 2 2 LB NTE -72DT, & & TIENENE
REFRBERCZ LN iU,

OB LTI BV TGRS W <0 p0/MRICHIEL, Lrb %2 SRRAROBIE L5 - T, %05
6Lﬁ@?ﬁﬁkbf%b<%@mmtéiﬁﬁﬁ%ﬁﬁﬁé%éﬁ%voZ@I5tﬁ%%¢15%ﬁ
LT3,
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III-2. VEZMNEZECOEER

Fh W(m?) 4 0 ORBEEE(K)1E, MPEMBEZRINT S 2 LIl 720T, fERWERRE,
WEHEIFE, BSXOCEMBEDOIERZEArLLEBRIND itk b, Thbb,

K=K.+K,+K, (12)
Lo, (2), @), (A1) KB (12) b
K=(c;+c.—cy)d,+cy Vd,*+8+b (13)

b U D MR 258 B %\ 1akkiEss Dim/ha) OBECFCRBEE IR TV 254, @)
RO ad, 13 c(d,—D) L7y, FRRCHEREREDS, HRNCHENE L 2R Sh 5888 D
(m/ha) 7203 & 58818, SEOMFEBIIAFERMGICED 2 LERRWHADL, @) RO ¢ d, i
c(d,—D') rEDTEHETIEL V., Ll D, D x: 3 dy LEBBROTWERTHD1D
VERNMEBREOHBICIIERRTH D, MEZSOFELEET L LEIL,

LU, SHER/MGEREZ, FHEBREHROEL2FE/NCTIMERETHLPHROLD

ARG HF (W

Thbb

dK Csd,
da, =Gt e—c)t 1/—;72+ﬁ
i
_ (cs—c1—co)*B 1z
dr_[(zc;;_cl_(:g)(cl'i_Cz)] (14)
i
 mCyrm [Zn—m+1 L2 ]* o _ Calnt 1y
a1 s)d, on Mym 1’ 2= 0q(1+9)d,
_ 2akA %A, W4
Ca=a-a= T a=r T ARA
a: EMETL I - TEFHER
(%)
A: FERAMOFEEMER (ha) L: JFBREMHACER Sh 5 MEORER (m)

Crt MOBBEAIERY Y OERMEHE (M/m-47) L’: EITX » TR S5 RBOEX (m)

Cr: MED TP B (9 /m) V: WEEiEBRIAMN A e S B LA

Cy: —EY b OHERHRR B#%E (T/48) (m?)

Kt 4 1m® Y4 b oMM E AR (H/m?) dy: fEIRAHAN O FIERE (m/ha)

K,: %5 1m3 4 ) OB E A18E (H/md) dy: EREBCET 5 EMEEY D OBR

Ko it 1m® 34 b o415 (F/m?) (m?¥ha)

K2 FHf 1m3 ¥4 b oRNEHM & (H/m?) k: tRBEOZFRICIES L BIRHBESER

*ARIAIEROGEE @) R o 2V 5,
ORREEOH &I 6G) XD ¢ V-5,
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I: it padE (m) g: EPHILD

m: BRI BEEF K () st BAIEFRY Y o MR T OB
n: fEREO—EREL(4) RUICHY D

P BRI R T 5 &R (FF) Tmt MR I D ITFBYRE R R

III-3. HEZERO—HREERFI

AEITIE, RCHFEL HEREEERXZAVEET 2R OREL BAMICEEL 22, £
MEEER X O L 7 7 2EERFTHR L THRLOHEHICONWT, FHEAFEEERRTOVTO
FEEITIRS,

II-3-1.  FZE0EERR M oD HE

EERIC T 5 TERAMIE, B L AEERREHICSITRMUT S L2 RLE5 2 LR
AR &30 Th 525, BAROHMEEKIZ VT, —RcEFKOW S BRI FRET
5 2 EREMCRAREIGEY, LrL Z0%EED, REREBONE LRI HERETRED
SHEMEESROEEERZ R/ O L5 LW B AT, BEROEREICET ik
Mz B EET 5 C L RTRETH D, o T2 2T, BEFET2EERORERAME SE I
L7a230, MEHFERHEDNR & 7 5 MZEMEIRE O TR 2 HEE T 5,

EHEHIC 31 5 BREBOEKE, SEEBOMESE, FHROBR, WHE%FL, 0%
EHESh, £EWE, 1,000ha NAOHED L 055 10,000ha 2z 3 3O ETHATH
S THMICZDORESIERET D 2 LIRAHELIRBICS 5,

LBEFROME L S CicEMFROPTRENEEZ SRS 1) ILEHIT BT 2 &M
X5 VEXEMIEE, ») BRIV LITFIEIC X 5 b T 7 2 E£M1EED 2 BEEZ E X154,
ENTZThORITET 5 HRENRR R X OCHFREKRDENOTEREOBIE, Table3 Ry &
B THD, MECIIVUTEMBEE AKX T34 2,000~6,000 ha, ¥ 3,500ha, 5 7 24#
FAHBIX ¢34y 3,000~13,000 ha, ¥#56,300ha &7 > Tk, X5TCEMBEHAMK TIIEL
TRAKZ TR E T 2HEETRHRX X D d A THEEERE TLHE, FRX OB HBERE O
RN SR BEMICH D T LB PHBZ B,

$EAEROEEAEFENMORBELREY, KBEMECL 7 7 22 REL, HBHIRBEL
B L ER AT 5 DI L EREMEER AR LBL Z LB —2DFHLR > TVEH X5 T
o, EEANCIZ$HERTIX 10,000m® Lk, JAFERCIE 15,000m® DA EKFACEELES
HELEIhTw5, o THE D ICHEBATEROEKS 200~400 m*/ha, RAKZERK
DEFEL 100~150 m®/ha, EERERE 40~60 4 L hiE, TEREMO L EmMRTEEMATE
Pzt 1,000~2,500 ha, FRLZERHRT 4,000~7,500ha DOFEFEVS & LTk b,

Fhig s o TIXERE#OBME L LT 1,000ha, 5,000ha &\ 5K/ 2EHEZBET S &
L 7e0s, CORECHREMEENRHIE, BIILIESER S O kFei /s BMAEEEEE AT RER
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Table 3. 5L iBE

Examples for extent of the forest where the road net work should be planned

EHBERIX (RRE KR b5 REEHLR (IR E AR
wig | E 4B EREAw | B w8 mmmae | T8
w | T B | ok BN | a5 | A B TV 7,879
’ . ® O+ B 11,503
_ * " 4,805 FATY Y 8,516
bl F oA A 3,102 =y oy 6,208

* # R 6,288 + + % =Z=BRER 12,934
" . WA - ¥EF 13,627

RBP4 s @ | 621
A % A | 22 x i 9,609
Hh & il 2,116 " hm 7,242

2 *F Ji:H P 4,103

K =1 = 2,016 i " 6,797

K oo 3,300 TIOR3 7,277
e Bl | B 5 5,435

B & K + EF H 2,838 3 4,842
;oA 4,985

X F AN = 2,452
i ’ ] Skl A i 4,206
- A " 1,985 | ol oE X B 6,506

X W e # 2,110 i 21 4,735

N % / k 6,437

2 2,317
e * ] g AN e 5.963
Hh & % 1,795 -3 il 4,393
o | m % 2374 | # F B | 8 1l 3,150
B & % 4,488
2 roH ) 865 TR 3,178

HLLHEM, HD5WIEEOMMERRTE OGS L CABT NS L&H2THETod0L
£25h05, |
II-3-2. HRBEBIRE I X MBS R
POEBARC BB (C): T Tt ek 5T, WEBIRE Lo oMB LN, WHEEAW, B
SKEREX L > TEEDLEEZONE DD, THRBELOEZHFEIE—SYID 3L L THEEIR
BELTHEL2PRRV, T TIHBEOERPSHMIL T, EMEEERTET TRDOX S
BRI B L ED D,

EAEE AKX 1,000, 5,000, 10,000, 20,000, 30,000 (Fi/m)

s 4K 500, 1,000, 2,000, 3,000, 5,000 (//m)
PREHERA R (C): MEDBRIIER Y 0 OERMESER & OBREDHETH 5 2% 4 1% 4 3 i
X CREEWRHEEER) 250t 7 7 2 #ARK GFREWRD) OWHC>W -l 37 4
EEF 2D & 135~343M/m DFIFHIC B 1, FEMEME R BRI EM AKX 25%9 140/ /m,
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b7 7 #ERAMK A 150/m &7 5 TW5,

Z DFEFEEL, BIBIREB AR BT 20 TR L, AECLERENEERINCHE
L72d D& &BRANCIEEE L2 D TH 52, HEC S YHEMEHL LWk £ CEHEROET
it 285 XS5BT o U0EL R V2L, COERMEEZ CCHET S HEERE Cn L5 L
THILD2PEAEV, LErUWEHRFHEOSBICsV THIEEORML, AEILIISHRETE
TRESNSLIDEFEINEDT, B X 2EEBEOERKZ BE L T2 2 TlR#FREZX
DESITEDS, Tubb,

£ EE MK C,=120M/m,
b T xfERBR C,=80f/m
II-3-3. #4fPEME & £415 & ORER

SEABERE & £ & OBRE R B 7odIiE, EMEEC R D EMEERERITIR 2R 5 &
EREFUETHS, LrL OBEOBRIREENSEIER L STV 3EAROEEA
FEREEC RV TH ZhE HRICIEEL VW IREBTH 5,

B X VEEART AR 35 X OMEE4EE03 5 5 FEDRM L 7o —fl & LT, REENRAGER
BRI B HEERE (B0 37 45) 2RTd, Fig. 4 KRTE80, WIRBRESKEL
POEMIEBEORRICKT S 1 B Y D OTHERBIZLIE EAE iy, (EERDFR, FRME
EORF IOl BY 0 OEEEEES L % 2 CHAMRY 0 OREBRZHETIUE, FXB
VIEEEEDSR < 7o o T A E A RMINE R 2 T D ERENESOMBERC >VWT I R TH
%5, 2% DEMIEHICTT B EEBOHEME @) RFOGEWETH D, BETX > TRHAEDOHZ
LBz EBFREINDS, HFES® IEBELEEEEEHAEOSIER>SFERO T L 2EHL
TWb, .

LLass, EHIZOX S LEMBECET HHNIEE L TEERC ST 5 FHREBIAE
CHBEEZIHRBREV, TROLAEDOEAGHD X 5 W EMBEMEERSIRESH, thhT

13%  OEM W UERIEER 28T 2R T

ol | pason | BEE L CEMERORE OIS 5T

o A SRS S 5 2 B HELE DB

] ool 5, BIZIZEMBIRNOEN D5, B 5 EM

" I D S M I SEHHC A B SRR L 7D, B

BICX > TEEE L WEDEEHE 2R L 7
200 400 600 800 1000 NEL B 5,

Distance of b prehasing fo T, SRR b ) B LT

Fig. 4 SHEEME 1 AN OWE EEERD) L s wmany @O b ORISR D

Timber output in cubic meter a day

in the case of skyline crane system. SHERCH-T, ThErDEFTEMEERT

40

Timber output a day
1 8% 0 HiE(mY B)
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ST AMGEDRRSIREZRT 2RI T LI TER N Table 4. H£HEEICE TS
BB S, MR BIE, MEEMNICIETET 5 —o 0% FATEAA

Average time spent for one cycle

% B EMIEME 2 i L CEMBOBRBZ 05 LT operation in the skyline
crane logging
BB, BN OTHEEEZICE S EHERPHE  ——
% ¥ B M FAINLEAL A
WABEHE X A » ORIRA IS 2 213, MREAE T HIEY (t2) (To)
I 100m 8.705
BEIRE RK I b® 2 ERERE ST DL TH B, 200 9.85
COXSEBEEND, T Tk 6) REED I dEH jgg g;’g
R Z MR 7 5 A EBIRI R » S kD 5 2 it 5, 500 13.30
600 14.45
(1) HEHBEEDBS 700 16.60
EHyr 1 x4 581 BN ) OHERIHE: SEIET 800 16.75
900 17.90
bfﬁ%*ﬁ'f@% (5? ’f 5’_it) c:}é‘bj‘%)#/f Vs ’r A%jk 1,000 19.05
HERELTRD XL S R a7,
5(14+cos ay) e (1 1 0.3nl,
To="", 07amm >+07ma+3° (15)
=72l
To: %4224 H (55) li: B D BROFIEE (m)
ly: $£H1EEEE (m) ay: B D REMEE DT A (F)
v: {0 EE (m/min) vo: EWERORTHIREE (m/min)
Vi Z2HEEOELEE (m/min) n: EAEXIRK

(15) RO ERTF T EBOMEEFIEEHEZ DN L 5IEE LT [,=40m, ,=100, 200, 300, ----,
1,000m, «,;=45°, v=15m/min, v,=500m/min, V,=400m/min*, #=5.5 % +hFhfXAT"
HE, HEMEELEY D ORFERR T, 1% '

T,=17.55+0.01157,
LY, ThE D EMEBERIOFRERR (71204 4 8) BFEHITNIE Table 4 iWRT &%
hEis,

1 BY D OfEENRE, EBMEr 17210 205 1 A% OEMELKEZ KD, ThiC
FIFEHE LR T IV, LU THRET 2R L 2Ry ERERC I, 1HYYOXE
FVRERF OB T, BB % 480 T & - i d, EMINRT 385 4y, MEMERIARKERT 20 45,
VESERMANETH 20 57, WA RAANGRT 20 25, FREARFARGR 5 4, $E595 REAWH 30 4, 148047 &

* NI R R R M EE S Vo=T59,P/ W+ w) (sin0+ pecosd) (72721 Wetw: Zeiis X O o E
&, 00 MMEFA, 1o WREETIESREL 7a HEWOER, IP: SHEOE) KR TEL TV 55
CHREMBEOR N X > TRELEIBRNEETH 550, HEOEMBIERITETD 5 & XIIARGHE
BEELEDHERE . Ko T TIRERBOABEMBEORETKEE (453%) &1 T400m/min %
WHZ LT,
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Table 5. H£HEHERITEITS 1 A YD OIEETNE

Average timber output a day in skyline crane logging

%*&ﬁi% ;°@£§ﬁ %4&$64A 1B % Y @ 1%@@@% laé%wﬁ
100 378 8.70 43 1.2 51.6
200 372 9.85 38 " 45.6
300 365 11.00 33 " 39.6
400 358 12.15 29 " 34.8
500 351 13.30 26 " 31.2
600 345 14.45 24 " 28.8
700 338 15.60 22 % 26.4
800 331 16.75 20 " 24.0
900 325 17.90 18 " 21.6

1,000 318 19.05 17 1 20.4

Ko TW5, ZORUEIEBREENICLEL THEEEOBEIRE (GHFBIEERS E CBE
THRME) BEREVWHDOLELAEZDETH D,
boTL B, %o TRERAE TSN > Fig#EY 1.5km/h L LT, £OfF
HCEY 5 B2 25 1\ CEMIERE Z L OEBREI A Rk (7272 UREBRIIERE OFTE R O
2[3L¥5), SHic1EYD OFEEEL 1.2(m%)*E LT 1 HY ) o2 HH§hix Table

eSS

BT I EMEEEE D EEIT X - TEBRFRIEZE

50:kDThH5,

EMBEZELAY D OEERE: 1Y) OFEEEZ2EETHORMLERFHERDO X 5ITE
5,

1 8% 0 5EE

i & ¥ &2 B 1 & 1 & %

B B F 1A 3,000 [ 3,000 [ 7272 LR F A R
oM F 2 A 1,700 14 3,400 4 4575/, 4150 BifEx
R R 1A 1,700 M 1,700 [ T3,

st 4 A 8,100 1

130 ENE 1 BY D B RERSREY

grmmm| B F|SHRE BELNZ gpspeeng | THRE | BOLETS
1,200,000 | 54 150 1,600/ /1 61,000 /& 150 A ’ 407 @/5
oM, 1EY ) ORESEREHRTLRELT

EETRELLTHEBLARNVEL X > THREFRESHRHINIONREBETH 505, T

ZRV%,

We=759,P/1.30min
ZRVWTVWER, ZhdEKEEELFE HBHCHT2BARBEBEZD5bLT DO TH D, FREOEMBE

Z Ti¥ 1.2(m?)
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1 B3 D gorhmle &Y
SMBIESERE LY D ookt JIEFOMBRES, i 2.78], = I v 11 0.09],
F7 A4 0.0267], 79 —~20.007kg &L, ThZThoBffiz 26 [/, 200 F/I, 250 M/1,
300 Fi/kg &34u, XK@l AN OMEHEEE LS CICATERRITSEMERC 2 Tk X 5
i,

£ M= @ 23 il =vIvFI ¥T7F 10 7y - A % B
B M| R R ; - = : & &t
(m) hy |HER BB\ HEE BRE | HEE RE HAEE RE| "(m

® (M) 0] (M) 0] (M) (kg) (M)

100 6.30 | 17.5140 455 0.567 113 0.168 42| 0.0441 13 623
200 6.20 | 17.2360 448 0.558 112 0.166 42 0.0434 13 615
300 6.08 | 16.9024 439 0.547 109 0.162 41 0.0426 13 602
400 5.97 | 16.5966 432 0.537 107 0.159 40 0.0418 13 592
500 5.85 | 16.2630 423 0.527 105 0.156 39 0.0410 12 579
600 5.75 | 15.9850 416 0.518 104 0.154 39 0.0403 12 571
700 5.63 | 15.6514 407 0.507 101 0.150 38 0.0394 12 558
800 5.51 | 15.3178 398 0.496 99 0.147 37 0.0386 12 546
900 5.42 | 15.0676 392 0.488 98 0.145 36 0.0379 1 537
1,000 5.30 | 14.7340 383 0.477 95 0.142 36 0.0371 1 525

1% AfhE

ZZRWS AR EEERE, F+vY, TRy 28, FOMEEMEZV SR, KLUVEER
HRROEFER 0L AMOES 1Y ) OFFERE 2 EHMIEHEIC kD, T OEICEE
BERRRBIRHIZR U CLAM D O ERBEZ RO L ERDEB D TH S,

- 1 B e 1
() (M)
100 152.10 6.30 958
200 192.42 6.20 1,193
300 232.74 6.08 1,415
400 273.06 5.97 1,630
500 313.38 5.85 1,833
600 353.70 5.75 2,034
700 394.02 5.63 2,218
800 434.34 5.51 2,393
900 474.66 5.42 2,573
1,000 514.98 5.30 2,729

DLEOZRERE 2 EMIGEE S 2 1CE5 L T 1 BN ) OfFERE % ko, Ficzh% Table5ic
AYTHETHRL, 1m® YY) oEMBEEZRkDH L Table 6 OLkh L5,

FH Im® 4D ORIWEEE: EHEERCKT 5 LEREIX, Table 6 icRXhzd DT
0, WE RVBICETLIRE, ROCCHEBEEIHRTHEN BR, BEREORAREE
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Table 6. H£MEELICHII5 1 B D OEEEL 1m® Y 0L EEE

Logging cost per unit output of timber in skyline crane logging

LEND | e oo o | 4 - . 1E%p | 1A%D | Im®%h
K™ e g e | MR HERIRAR BET egn o 8 KR
100 8,100 1,600 407 623 958 11,688 51.6 227
200 8,100 1,600 407 615 1,193 11,915 45.6 261
300 8,100 1,600 407 602 1,415 12,124 39.6 306
400 8,100 1,600 407 592 1,630 12,329 34.8 354
500 8,100 1,600 407 579 1,833 12,519 31.2 401
600 8,100 1,600 407 571 2,034 12,712 28.8 441
700 8,100 1,600 407 558 2,218 12,883 26.4 488
800 8,100 1,600 407 546 2,393 13,046 24.0 544
900 8,100 1,600 407 537 2,573 13,217 21.6 612
1,000 8,100 1,600 407 525 2,729 13,361 20.4 655

TIEROIE TR D IZTL, BEOMY, HELECETHIRERD D, RELHERIIDED
PRECIRRV DT, BIWEERED 10% BEZRAL DL TS,

UL TREMORIE D RBIIRIE D IR L 51t > THEAL, ZTORFTILBEHRIK
DICETHATESHAVSNS, EFATROBREKNZEIEL, R ORNIKYE, 1Y,
FRRVIERREC X > THIn ) DERRD D, BFHENLEZKRD S Z EFEFH TR, 22T
WE—fl & U CYESETHERS 025, FIR D IS & OFTERBE A kD 5203, it LhiE 1ZRIRO
RIEVRBIRRDO L5 itdbbbIhb,

y=>51.2"+1,200 (16)
22l
RV RE (M) U: RV PERE (m)
B4 EFA 800 LT3,

WiZHEM 1m® 40 DRV RE L KD B 7dITiE, EMMO—EmIRY ) O%IR D REE 2
BATRINER SV, —EEHEY D ORIRDEEE, A3V L RRRERED S <
0, FRASNVRBELBNEEROEMKEOSERC EDHEEGRDE L HEMIC D 5
5, 1Z38% 0 OZFRED C & HEEHC AL THMICREI BT b TRy, E-T
—EWEY D OB VRESB A VK 2 TEDX 5 BB T P 2IEROIEREEHKESE T
LB bETORIRERT TR TS, T7bb, a) 1Y 0 oRk ) REOR I, (16)
ROX S5 LEMNEZEA LSS, b) RERFEMICTT 5EMAXENIIEREC 2o &bL, %
MEXDX A 100m DRFFAERTAL 200m, 1,000m @#EE 1,500m 1272 b, % ORIk HFIRIcZE
4%, ZHERVEEIBM &35, c) EHROMEBTERED 30% L HixT, d) HEoO
ROz (BEOBBOLEZFTRS d0) CETIREAEN, WEELFRERED 30% &L,
22 LEIDZER M E T L T 2 [H ik D B2 837 bh 3,
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NS DRFIRIL, WL EBOEMERLITHLNEIRETH D, ORI/ T —EmiE
YY) DREEBIIREOS L XD LB, ‘

EHAD | FHD | lmpabe BB BR | v
| B RER R ERR R e | R 0 g
m) | (m) A ¢ ()%

() (i)
100 1.20 120 7,340 2,203 9,547 10.00 95,470 50,599
200 1.23 246 13,795 4,138 17,933 5.00 89,665 47,522
300 1.27 381 20,707 6,212 26,919 3.33 89,640 47,509
400 1.30 520 27,824 8,347 36,261 2.50 90,652 48,045
500 1.33 665 35,284 10,574 45,822 2.00 91,644 48,571
600 1.37 822 43,286 12,985 56,271 1.67 93,972 49,805
700 1.40 980 51,376 15,412 66,788 1.43 95,506 50,618
800 1.43 1,144 59,772 17,931 77,703 1.25 97,128 51,477
900 1.47 1,323 68,937 20,679 89,616 1.11 99,473 52,720
1,000 1.50 1,500 78,000 23,400 101,400 1.00 101,400 53,742

EROERMP S D505 X 5T, —EER (EMEHKE1,000m 2 %% L T, #KYIE
ZBm &L 0.1Bha) % h ORE D FEIT 2 WHIEZEL R L, % OR/MEIZZE D 2EH
B2 400m fHTICH % 2 EAEN S, TOZ I3 ZHE TS EMIERITIZE DRG0 SRR
FEL, £ OfEEE 400~500m BETH 5 C & BRBRINCRE I T\, Thidb o
BT 5HDENVR XS,

U LTe ik b BOEMEERE & % 2 Hivs 300~800m D#ifH Ik, ALY h ORE
DREFIX 4,000 9 (0.1Bha % p) BEDZERL L, KD ICHEEDIEZ A 50m, ha % b
DERZ 100~200m® &3, 1m® %0 ORI RBDOEIL 2~4 M L7 > TREMBICHER
THRD TEDBETH D, ThiRic, ZZTR—EREYVOREVRELEELESRL, 0.1
Bha % 0#55M, Zhic 10% OE %z < 55,000 &35,

#€-T 1lha 40 O AEEE d,(m*/ha), #EMHILDZ ¢ 2THUE, 1m® 4D OEWEEER
Rk Lxh s,

55 x10¢
B-q-d,

EMEERE - BB & OFfR: Table 6 DREDOFER» S, EWELBE LR  EMIEHE - £MEBE LD
Rk, X Ew:ﬁﬁ%ﬂf@%ﬁ%iﬁbu-m ZEWX T, BECEM Im® 4 0EHE
K, kR cELINS,

Im® 34 ) OREWERE =

K,=0.48/+b : an
. 55x10%

*OPBRRORREL, R -WERLIEROX 2EDRY BAAHHL0LLT, MMO—EmHEY 5 -
BERBELZBELLETH S,
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(2) 57250 E

EM A 754501 BY D OBEGRINE: EMEEELRR M OFEL BERDER
ERWS, Tbbt 77 2EMEEDF 4 71 2 4 AFRATEZXLNS,

Tf””(%+%>+é%&%+%ﬂ+'£%$0+@m+n 18
PREL
To: ¥4 7105145 (43) L: oA vFOEMEEEE (m)
b b7 2 OREETESE (m) m: 7 A v F OIEMER

C v RO AN X BIEMEE (m/min) v F 52 ZOT VEAREHEE (m/min)
Vo 7720 L EARERE (mmin) 0 v A Y FHHEFIHEEE (m/min)
EEAETOBKEREE LT, L,=20m (Fi), [,=100, 200, ----, 1,000m, m=2 [E (°F

1), v=12m/min, v,=2.5km/h=42.5m/min, v;=12m/min, V,=6km/h=100m/min 7 &
BHATIE, b5 7 2SR LEY D OFTER T kRO 72D, Zh kD EEMEE

BN A 7N R A 2 REETHE Table 7T 0: k0 L%,

T,=11.67+0.061,

WITh 5 7 2 EMEED 1 BY D BRI, EMBEEOBELRY, bR EOKER
(FHHT) OFTBIAMEEF — ALK E 52 5 X 572 L2575 <, fif - CHEMEEBEC X - T
EEEEOZRIINV, Tihhbb, MEHFSFHEEA~EE TS & &L 7 7 2T T 505
BTHY, EMECEERS > THHEHTFAFRBSCHEET S C LiCER T 2 EKMSMIZAET
Ropb, 77 2OBELOLOEEFFHROREERLE LTI L 20X, EHEEE
LERE, MEFTORMBE EREEIC INE, 1 8Y ) OFEZEERMOES1E, EERH 370 7,

Table 7. } 57 2 EMEEIT B

YA IR A Table 8. 57 #{E¥cki35 1 AY Y OfEENR
Average time spent for one cycle Average timber output a day in tractor logging.
operation in the tractor logging.
£ oo B w | rropaqs  EMEEE RN 1R%s BR | 0 B
Iy (T (min.) | (min.) | (md) (m?)
100m 17.6745 100 370 17.67 21.0 3.0 63.0
200 23.67 200 " 23.67 15.6 ” 46.8
300 29.67 300 " 29.67 12.9 " 38.7
400 35.67 400 " 35.67 10.4 " 31.2
500 41.67 500 " 41.67 8.9 ” 26.7
600 47.67 600 " 47.67 7.8 " 23.4
700 53.67 700 ”n 53.67 6.9 " 20.7
800 59.67 : 800 ” 59.67 6.2 " 18.6
900 65.67 900 " 65.67 5.6 " 16.8
1,000 71.67 1,000 " 71.67 5.2 " 15.6
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VEGRIRGT 20 23, (EZERMRGR 25 2, BUBARWEERD 20 2, FLERMRS 2, % & # W
4077, FH480 4 L7n o T\ 5, COEBFRIZ AV TEMESS L0 1 BY D EEEL, (FEE
ZHEETS L Table 8 DX 5tk 5,
P77 APERT AL DERERE: b7/ AFRCLBEREEARBERDO T L SED S,
LAY Y OHBE

B SRR W | % @ | %
E iR OF OO 1A 2,800 2,800/ {B.L EiE T34
fo# F (B ) 2 1,700 3,400 A 45 5/, 148150
B OEOF (o) 1 1,700 1,700 AfREE35

& &t 4 7,900 ’

1 8% ENE - '
oo a-WAR | B F R | ERUREIEE | REL A R

3,550,001 | 54 [ 1608 | 4,438/

1B DORE, BERHEEE®

—
B A |mua|mame Aol eBr| s

moom | (i) (i) () ()
15480487 77,200 30,960 65,295 332,998 506,453
EBLBEYORERE 480 190 410 2,080 3,160

BIfERE: b7 7 2T KT 5 DIBIERR, BT, EEE, HE%MELSVWbD 5RIEEIC
BT LBM, FMOEERICHAL -HIELEX SN0 T, T2 ClEESEM 1m? %) 150
AEd5%3,

Table 9. Z —_ ZE 1

SEHIBHE 2 AR & ORI LR O T iR
RX D EMIERESIOEMBEMZ kD 5 & Logging cost per unit output of timber in
Table 9 itFF L 5K b DLk 5 %, F tractor logging.

- -3 1 HY%Dp 1Y p|{1lmdY oy
IV T 7 2EETR T HEMERE %?ﬁfﬁ T RN I
EAE L OBRE kD, X5 IElEEE () (m? | (®/m?

3 o e e , 100 15,498 63.0 246
150 B/m® % Zhuicinz ¢ AN 500 p 6.8 231
DEME K, kDB L RA DL ST 300 " 38.7 400
Z 400 " 31.2 496

° 500 " 26.7 580

K,=0.85/+312 19) 600 " 23.4 662

. 700 " 20.7 749

-3-4. s &
III-3-4. BARHESER R L O Ohgett 200 ., 18.6 833
BRMESR: T Titn7- k51, 900 ” 16.8 922
HE OB MESRIL, MEEEEIC 3 1,000 " 15.6 998
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Table 10. SHEAIEEMEIT I 5 LER/IMERED HEHR
Calculated results for essential density of the forest road by the formula 14
(in the case of skyline crane logging system).

(A =1,000ha)
\ s dy, | 50m®/ha | 100m3/ha | 200m®/ha | 300m3%/ha | 400m3/ha | 500m%/ha
m r
1,000/ 3.4 6.0 9.2 11.6 13.5 15.3
5,000 0.4 2.8 5.3 7.0 8.4 9.5
104 10,000 : 1.0, 3.4 4.8 5.9 6.9
20,000 1.3 2.7 3.4 4.4
30,000 1.6 2.4 3.0
1,000/ 3.3 5.9 9.1 11.4 13.4 15.1
5,000 0.2 2.7 5.2 6.8 8.2 9.3
204 10,000 0.8 3.2 4.6 5.7 6.7
20,000 1.1 2.5 3.5 4.2
30,000 1.2 2.2 2.8
(A =5,000ha)
\ d 50m3/ha | 100m3/ha | 200m?®/ha | 300m3/ha | 400m3/ha | 500m?/ ha
k N
1,000 4.7 6.8 9.8 12.0 13.9 15.6
5,000 2.8 4.3 6.3 7.7 9.0 10.1
10 10,000 1.7 2.8 4.6 5.8 6.8 7.6
20,000 0.9 2.0 3.2 4.1 4.9 5.5
30,000 0.3 1.4 2.5 3.3 3.9 4.5
1,000 4.6 6.7 9.7 11.9 13.8 15.4
5,000 2.7 4.2 6.1 7.6 8.8 9.9
204 10,000 1.6 2.7 4.5 5.7 6.6 7.5
20,000 0.8 1.9 3.1 4.0 4.7 5.4
30,000 0.2 1.3 2.4 3.2 3.8 4.3

WO RHBRO KR E % 5 2 BENEOLERORERT L L TEERCEA T3
DTHEHPL, fHxOFHEHRE L IHETREDIDTHLI LTI ETHRY, LALIZT
TREERTH T 2 BENRRT 21T 5 ORENTD 505, HELDORL FRROH
ERVDZ LI LT, TRbLEMEEEBE I RRIUEREF L USHEREERNOKED» S
Kot EMERPD k=0.64 LIEL, F 77 2{EEBRIE, ToOHBARIL, dmEEZERE T
LIERHTH S L 2 H 00, MEOEERPUERTLL L, k=0.75 ko ¥E%BRicEH

ER-N
FOMDLEM:.
VERURERAEH SR 8 48 P 3t I
‘ b Z 7 ZFERMX
BEA&EOFR

n=40 4

n=60 F (\ThbERIEHX)

$=0.05



4 & Table 10, Table 11 TR+ &KV TH 5,

A& DEHRF K

R R
AR D

MERAATR D ELARRICT 35 1™

II-3-5. WFER/MAEREOHERR
THETCIRBEL 24 BEAHERTFOBANREEZ (14) RicfbAL, MEBRHEM (C), &

HoERH (d,), WEBEOEEER (m) oM < K Eicx 3 5 MEREOH EM & BHEFICR

Table 11.

m=10, 204
TER R

qg=0.75
s=0.3

(in the case of tractor logging system)

F P X —EEMKIC R D LERPMMEBEORERR

Calculated results for essential density of the forest road by the formula 14
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(A=1,000ha)
\\ d 50m3/ha | 100m3%/ha | 200m3/ha | 300m3/ha | 400m®/ha | 500m?%/ ha
k C,\U
‘ 500 4.9 7.7 11.3 14.0 16.3 18.3
1,000 4.3 6.8 10.2 12.7 14.7 16.5
104 2,000 3.4 5.7 8.6 10.8 12.6 14.2
3,000 2.7 4.8 7.5 9.5 11.1 12.5
5,000 1.7 3.7 6.1 7.8 9.2 10.4
500M 4.8 7.5 11.1 13.8 16.1 18.0
1,000 4.2 6.7 9.9 12.4 14.4 16.2
2048 2,000 3.2 5.4 8.3 10.4 12.2 13.8
3,000 2.5 4.6 7.2 9.1 10.7 12.1
5,000 1.5 3.5 5.8 7.4 8.8 10.0
(A =5,000ha)
\ . d, 50m3/ha | 100m3/ha | 200m3/ha | 300m3/ha | 400m3/ha | 500m3/ha
m r
' 500 5.7 8.1 11.6 14.3 16.5 18.5
1,000 5.1 7.4 10.6 13.0 15.0 16.8
104E 2,000 4.4 6.3 9.1 11.2 12.9 14.5
’ 3,000 3.8 5.6 8.1 9.9 11.5 12.9
5,000 3.1 4.7 6.7 8.3 9.6 10.8
500 5.6 8.0 11.5 14.1 16.3 18.3
1,000 5.0 7.2 10.4 12.7 14.7 16.5
204 2,000 4.2 6.1 8.8 10.8 12.5 14.0
3,000 3.7 5.4 7.8 . 9.5 1.1 12.4
5,000 3.0 4.5 6.5 8.0 9.3 10.4

* %HW’F%&I_X@ NI EEIEZE,
DHITHEAT 5,

[ 4 YF%%%IZ@?E%%%&T’E%é L, o T s 3EMEERBK
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4. FEFFORE
WERANEREREROWEKE T, MBI C, MWEMSEREM Cn, 1EEIERE
Hon, WERRESOBEFE m, SXUFEER p, HFEREY D OBR d,, EMEEMOHEK
S EMBOEMRLa, ZOMf s, g, k, A RESBORTRETHE, LT, EEROE
AERPOEERTFOBEEECE X 5B OWTHEET 5,

(1) MEBARH & F SR

MOEBRR B, AEBIRR BT AR o, ThbLLEAMMGEREEICN L CEERM 1m?
L0 BREETRERERERBORERT & LT WEREOREICHES LT3, Rk o Offitx
FE & U OB R B & N RN DO FHBERORNCEREIND R, C B3kEL dy VML D
FEETOBERKRELVEZEEOEIMETL TWL, £LTZhS20RFIE, UTIRT%
DD EBERFORE L LB THIEAL L X 51T, Wik 2BEIC W CAHEBEO R &R
RITREREN LB 52 2BELRTTH 5, - THEBRE L S ki EEN0UE

53 HARIEHEIC X DHHID 72 o Hifirvic H

HETSBATE, % OBRHBIC T S LB RO ARy
,/’ BOHRERECHACROGNER S 5 <k 5
Zn e T8 oz EERR S A TUBO C 2T
. A - b3,
I I I | G Co e e A
e // e L:u;m PREEF I T BIREC o0 12, ECHRY
e o D ORI R 1B A
G D DREHERR BT B &b BT 5,
e UL DN VB, HEEEEE < 7 5,
(2) UL T oo 3, HOEMERR BT C, (ESETRT
FHon, FHEE d, ZEDSETFICE - TH
o e RENTWEDR, FORTHIICEERETI
3 Cm0 % | T CakdorTsoT, dom—EETRIZCA
£ s / INEVEE, F72 Cp 555 B dy HEK E V>
= ErEERECERENG,
T T T Fig. 5-a13 % 5 %14 (A=2,500ha, m=154,
ﬁﬁﬁﬁﬁ;fﬁ“ﬁh) Ca=120f9/m, s=0.3, g=0.75, p=0.05, a=
Fig. 5 MWEHZREOKE 0.48, k=0.64) OHEMBIEREMK AL D,

Influence of the cost of road maintenance MEBEEDREICIET Cn OEBL2TL 12
on determinance of the density

(in the case of the skyline crane logging). DTH5H, X, FEHTHRINAHEHEIIHERE
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RELERBCANCEETHY, Ml 14 Rk T =0, 2% C,=0 L5V THLI
R bkbiigTh 5, Xbic Fig. 5b ixF—4%# (7z7L C=5,000/m) T Cp @
%z 0, 40, 80, 120//m? D4 HHIZEEL, NI TIHEEBEDRILEZRLIZSDTH
%,

RS OERP SIS X ST, HEHEREIT OB R BB PHERICL A TE
ERECRETEEI R, ERCOPERERLVUEIBERSNTHWIIERHD ZOBTHS
DTHBM, L LHKERREESMEL 5 EERTELRVWEELROL SR - TLH T LR
Lhn Db, O DMEOMIBEIIRBEORER N ETREIVEV S DD TREERL, A—K
MIZARE LB L R ERS WD, WEDBRSEIGER L EfMEXH»EAThIZHh
CHAIL TRIEB DL, 7D EREEMSE HREBESEWEEITE, HFMERCA
EESEMRBEOAHBEICTERL, dLARIhE2EE T LD VEIZDLITHSE, 2D
RIS EVERINEP - RERTREREFELLND,

MERBOEMILTE T T 5 HHELR > DIRERTHRELZE 25 &, Co DEZERELDS
T LB REMME OB SCENETFEEE LN, Cn BRODITHEEEDOEIKLZ
T 5 LI, TORBNLERERIC-BOGHLBLAbNERETHL S, T, &I
HIERIC S TE, BIRUMOBENRSAE L h->Th, XV EREBKRITHEORAS L {1XEH
C—HEATHRESEOME L BFNEN» ST IR CET 2D TH B BT 5,

(3) #MEEE T 2 EMBEOHIER ‘

Fig. 6 1%, 3% T (A=2,500ha, m=154, n=40 4, p=0.05, ¢=0.75, s=0.3, Cp,=
120 /m, k=0.64) Ck\\C, EMBITHET R ¢ OEZRET 5 EEEHNWRTTHS a
%, a=0.48 #HKMEC L T 0.5¢, a, 2a, 3¢ LEXHEOHREBREDOE(LZFIRLIZDOT
H5, R IE e DENKE S BNEBELRECHEL LD, LrbREORECHEIIR
XpPEE Lo EBHND, a OREKIY, SMIESOEING X 5 R 1m® 4D OFMEDHE
IRAEL LB EEFEKRL, E-T, HEXHIC

a O KREI R E GBI DEMECE 5% ; el
¥, v 57 2EM, rv—vEMERY) BERET gxm //’:::Za—/
DAY, EMBOLBAIVNSWEEE (Bl 4 ////// |
IR o KEEMIC X BEM) RHVABEXY R L //////////a“

L —BL L OWERNEL KD LK D, * fa:::’///’/‘

DT LEMERFEONH»OEX B E, & /mo 200 300 400 500

bhic o\ T b IR OEED BT & B 5 4 ' BTG ) EH (m¥ha)

T, AT BAEER R RS 5 T OV TIHETR e ;ﬁfﬁfﬁg i

RABUDECH LI ERRLTVWEE LRI, a Influence of the rate (a).
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DFHEIZBIL T, EMBHSEMBEMIC ELAIT 5 & 205+ MarTHEWS ROHERIL, o O
REFEIC X > THEBESAHYAKR L K20 0@0THEVE & R3505,

IV. [RAMEEE

IV-1. WEDILFERE

AT IV TRD A BER MBS, IR 2 AT L= B R, 7oA <
WEPHRE, WS X OCEMBO 3 ERBAO AT 2 RNC T 2BETH - T, FIEOE
EMIEZ R M AEE 2 ETT 256, LERTREEZLLNIMEEETS -7,

L LBRR LIRS X 50T, HEREOBT W THEDRLTRENL, U & b EAREEHM2
ERETORMAEERCH L TRT TR, BhPOINE, S5II1EE, S8 RacE i
TOREHEBIORB L U THAEL, TORR, FEOEHIL, 4RO L S Bbh b HEE
MIERIZOBAADC &, RESHEC 5\ T 5 ENFIEREE 7= 533 bDTHS, fE
» TID D OMERFE T, MICHEO—RTETH 5 EMEERFAICE L HEOLE D -
THEDIEE D HEHMEL X5 LT 50— BERH5TH D, WERBC - LS5 2 5
WEDHH 2B EENCRT Lie L CHEOREZ T hbRIER LN E LIEYRTH S, FLT
COLS BBR»LUBEL R HHERER, LERIMEBETRINL0X Dbk 5L
BOETHSD CLIIRGHELEL LA THD,

L2 B ICRIBEFILIAN O 5B S 2 2 EOBRSRIC OV T, ChE TEOH I
T DIMRAVRERM D 5\ ME 4« DEHNC AT 5 BRIEPRESRD b 5753 C, FHEII»O%E
HIRIB R T i b e T LIIFAE R, S X 5 IRIBIC E X F » TWadiE, hE ThatE
CEWTHHENEC SV T HREDYAZFHBIP»OETMCERL L S L+ a2 581m <, 7=
DU A5 HE D BRI 750 2 AfTIT U TR BRI BT B 2 D 5 ERERIZEN, 7o & N 2 AU {8
LEBSAROIBE - BB LSh TV AP - L LA LT ERRS D E VL LS,

L7eio THHR Z OBMOERMEEDO L, WED X 0 EIRERE, OV TSk
REOHBEBICL > TRARBSDTH B, CTREVDLTROL S ERTIRCES W
T, MEERE LEPR LB 5B AIRR > % W BEOMKIRER Bk T 5 2 Lic Lz, T7b
LIGEDIRTEIREE, MEERE DU, ABLOK L o HE~ORE, BER D IR
LEREF/NCT HEEBI DD TH->Th, MhoEhk - #5 - SBEEOHSTFIC5 2545
DEZREZERL T, BIEOEERNOFHTIRY OREEMBETHAL, Thid » THERDHL
FIREET D, TLTLOLEOWERES, IRFEEE LTS LT 5,

TIRAWEEE 2 RD 2 FH0E, WEREFEBCEE S KBOBHE B TEMOEEEM & &
L, WEHEEORHK L L TRLINLINLSDERBHIC X - THR I 5 RBEK» S
WEEEZRET 2O TRFNIELEL RV LIXYRTHS, LrLard, FlziEEermEy
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D OFEMAEER L EREEBOMERZ LK LBA T, BEIMEORT S —2 v AT TH
LOPBEBETH Y, MEMEDBHRICE » THT 2 ENETBEOBRBEIIFEC LD -2V |
CRELVDOT, BROENEIFEMAERELENDRS LE kB L, EHE, REES

TOVTHZNEFEFARTHD, & CHEBTE S TIED TREEER MR S MEDRIA
BZHOLPUDTHET S EIIFEA ERAREEV T &, I HLEHEKROHFELITOVTIE, O & Dk
DB L TIRL BREFNVEF P OSBRI 2REUWEO IO TH B 05, ZhicBT5MED
D7D TRIBRVIR 2 EREICIBE T 5 Z LB 5 TRV E & 4« 2R THIE, FEM4EDND
FBEREAZMACGRET 2 L EEAVIBEL 2 21X, dEVEETIERY, LidisT
T T, IREAEREVSEEERAVT, “TofoER" 255 BERBIICEEL 2D,
MERE T DERMEDIE D FILOWTEET 5 &It Ls,

pbDA, WK HEE - REE - BEFCET 2 ERBAC OV CE < TR T 5 2 L35 B
BEThHoHH, TOBEWTIE, STEINLINY BHEMROEHRERKIC D =B THEoAic>WTfT-
TEHRNZSREAE L T OFHEE, —2OFHL VRS L L COEHCET 0LV L5,

IV-2. RREEE

BRRD Z & EXGH LIRAREEE ZRKD 5121, MEBEOR/NCE > THOENREL L
(L3 28H, PIZIZEME, WEBIRED 5 WV IIHEREE L X EEEMECE T 2R 4%
BeE2bLERPDD, TL T TR L3 BREMZ “FEAER" L X0, WEBEOX
PN E VBRI ZDEMTE—EDP D LAREBI DRV EEZ LN LREL “ZFDOfhAE
B LLCEERZRT S LT T 5,

WE, G B DL HAD T &, BMOEEDP DI £ TERIE T BHRESEKIC IV T,
EHEFELHAEECET 2B L 2081, SEFHOKEELNAFBERIROL5THbb
FTERTED,

(FIE) = (BRITEHLA) — (R ) — (—iEHE)
Jebral P
(RAER) = (RAR) + (EME) + EME) + FhEBIRE) + GhEEE)
+ GEME) + (LHE) + Gabk - 85 « (RER) + (L ofh)
AR 2 & %, —REBBEIRTESEET,

T TENEBERZEZMAEES BRE L AT o s wTidf4«MERS D55, Mikkd
ek DERBRERAIR—RCERRE L E X DN TR Y, EREFTEICYTIREE O
LML TRET 23D EENTVERLTHS, LLABLIDX S REAICTIoE X
I, EWEEEROEBRERIROBIGALN DR ZIBE, MRS SR RHE LD
FERRICBR SN D MREM AT TL B, FHESIL, ZThETOVWHYD D “EHIEE” DS
LG (REBRE L EMETE L 2L L TRERBIC ST 2 AEBRA L 25T LONELS
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L TV, EEDZOACHAL TEERBEOBACE2DTH S, Thbh, EHEER
BRRE &SR ERERS RO, Fifc I ESIAMS DB RIMEZBIAL & 5 & T 5ROE
EERFCRSN S DT, —BHELZBIAL chaRET 535CLTE, BEDKERIRHIR
HEBEPSLLTESOMERDZTLTD, SrdHECKT HHFFHEERDO L L, &K
EE B BREREORDICERRE ELELRBALALTORI VBYTHLLEXLND, i
5T L T CIRREHEREAENTRETH 5 X 5 RIEREMERNRETE20OTH LD, EKIEFE
o ERAEEEICES oD BALLRL, CHITHT 5 —HIOMMFIFEZEEL ViV 5
SR LB,
FCTHIRD (WBAEESR) * THLZIIEI LA "FEEAER" & “TOMAEEE" Liwaidh
i, FIE) BRoX>5KdbbaInd,
(FIE) = (BEFBUA) — (EEAER) — (x O ER) — (—RERR)
CLTEBIT “FOMAEREE" 2R RKMOIF, I, (EEEMECSUER L Ak, =
TA R PE/NCT AMEBEIRFIRZRACTHEE, ThabLITRICIVTRD BLERN
WEBELE 55, LALTZORES, FliMze%0 BEEmEECLERHEIC : CoBRAE “E
EAEE” YT ETRIE, ZOROEEAERIIRBANCHRLELIRAET RbbIRRE
ERLLD,
FRFAER) = (RFEIRA) — (X OftEEE) — (—REHRE) — (R/DLEFE)

Mol OYETEIREE T b BIRFMERE, ERRFAERLZ5X0 X5 LhERETHY, ©
ofEiv: (13) 20 K OfE#RREEBCESBRXRORELTHELLNRD,

LTSIV S iER - IEE B, NBEECHERZET SHROERESIUCEER OF
AR, FOREOEEERTHLUIME TibbAkER

# 1m?® BREETNEEK - IEFESOAEEERL, o mmm === (B % i A)---- -]
EHELOMCOVWTHIHMMRYEVORBRAHEBE TS o E ot

%, £

N O L BTy I T B R P2y v il ] NSRS ——
L Fig Torsvrns, e BN -
IV-3. BRAEBEORER Rl I —— RAEER ]
A o TR E B AR OB 550 5 !

L 4
LRRIGE_TIRE

5%, MECHELEZDODINCRO X STED S, M % E (m/ha)
P: 6 1m® % b OB (F/m?) Fig. 7 [RREER & RFAMWERE
. A figure showing how to find the
I: R (M/m?) values of the marginal density

of the forest road.

Imin: B/NLEFIE (FH/m®)
* R A DI,
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M: —fREBBE RS XOCRTERE (F/m®)  Kmeg: FEAFEBECHTHRREESE (H/m?)

K: ZEAEE (H/m?) K': zoftvEEs (H/m?)
dym: [REUANETHEE (m/ha)

RO S E VTR~ Il 2&Rbeid

I=P-K'—-K-M (20)
L85, ULHdALET KT HFIRFE T, AR Nic—REHEE L TEFh,
I=I.P (I.: 5% b:FI§®R), M=M,-P (M,: 7 EJR{fi=)
LBHOLDLTTENBTELD 2L, CQORIROLSKERINS, Thbb,
K=Q1-I1,—M,)P—K'

FRAAFER Kmarg 12, FEZLERECE EDREEO KDETH L2, Z0EEDEL
FEEE Tomn &THIE, RFEALERT,

Kmarg=(1—1I ¢ min— M,)P— K’ (21)
LBObT T ERTES,

—%, ®5EREMAIC D(m/ha) OBERME PREE LI BMALAERZ &) MBI
SNTHY, MEZMHRICT2DICEOELEOERT W LEAIZETLTVE30EL, X5
i D(m/ha) OBEEHED 5 HRERIEW DS ORERFB T ZE L VWAl D/(m/ha) 555
BT, FEAREOT REBEERI—RICKROL > R TELLNS,

K=c\(d,—D)+cy(d,— D)+ co( VA2 +P—d)+b (22)

AR & kb, IRAKEEEX 22) R0 K Ofiz (21) RTKD7 Knarg KE I P IRD

d, TBTBHRTHEDD, o T dem BIRKTT X5 HR &R D,

drm=5g+(g*~ A7) @)

7R L
_ 2(cs—c1—co)(c1D+ ¢ D/ + Krparg—b)

(2cg—ci—cr)(c1+¢9)
_ ¢?B—(c1D+ oD + Kmarg— b)?

2cs—c1—c)(e1+¢2)
9*—4h20 OFED L, ¢*—4h<0 DFEIZFOHFMBITEERS TH 5 2 L2 RT,
IV-4. BEEXO—BHNERAL & TERFORE
AHICR T, HEREORHETES sHMIC >V T AARMICIERREFREO R ER 28 A
LoD, [IRAWERES ML 5HE L5, TRLERNMEEELOZRIIE > THE0%
BIRTHDTHDH, MEDHBICHELD L5 e FBOFHIMEOEEICHA V2D
LIZER—DIDEHV, HOIICET 54040, METEELAHKE SEEDL 28Kt 3

h
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DREFROEREZSZ L > OBEL OEZEEL THV 5,
IV-4-1. &thofsE
bk 4]
Ml X OR3ERM:
Ca) RAWEBERIEE (ERimE)  BExe 3« v r - JR5EH
b) ATHERMAEE BHREEZAF v/ % « JRER
R AT RESLARE R
a) 50, 100, ----500m?ha (N: 60%, L: 40%)
b) 50, 100, ----500m?ha (& ¥: 40%, v s *: 30%, IAZEMH: 30%)
PR TR R
a) stEER: =3 - v AN 30%, €3 v HFEEM 50%, 3y TH 20%
IREERE: At 20%, ®EMf 40%, SaTh 40%
b) ¥R AFFM 40%, v/ R 30%
[RZERS: A7 30%
(EEAERTET 5 4%MH)
FhiEBERR % C,=10,000 (F3/m)
WEFIRR B MR m=15 (&)
MR Cn=120 (F/m)
SR MBI X 5 TERIESE, ERBIEh « KRB LT 5,
HFA1E: a=0.48, b=184
MBEDRAFEMERHE: £=0.64
BESY MO8 35 X B HE: D=2.5m/ha, D’=0.5(m/ha)
BB $HEERE ¢=0.7, JAEER ¢=0.55
FHREM B D
a) 0.6x0.74+0.4x0.55=0.64
b) 0.7x0.7+40.3%x0.55=0.66
AR EM TR O EREM TR T 5k 5=0.3 (ATHDH)
(e ofth B BT 5 404
AR (K;) 5 X OCEME (K.): K, +K.=400 (H/m?°)
E R (K K,;=1,250 (F/m?®)
HAE & X O LERER (K,): K,=570 (F/m?)
IWHBFARZME 60 (H/m?), RAERR 140 (F4/m®)
i SO = 40 (F/m?), Bk L5E 330 (F4/m?)
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B - HEE A (K,): 1ha 40 0@ « B ICET IR &% 150,000 F/ha & +hi, &K
L HROERRIST T K, DIEFRRDE 5105,

a) RRMoG&

+ ' e | 1m3:4 0 S
g(ma/ha)*ﬁ qzi/‘wjjiiﬂ'ﬁﬂ: ) f‘ *j/:t A B 751‘* ﬁ’E ﬂ%ﬁ K

(m3/ha) (Fi/ha) (o

50 0.64 32 150,000 4,688
100 7 64 " 2,344
200 " 128 " 1,172
300 " 192 " 781
400 " 256 ” 586
500 " 320 1" 469

b) AIkoH4

B | bk - e | 1m0 %D AIEE
Pty | Pt | GRS
50 0.66 33 150,000 4,545
100 " 66 " 2,273
200 ” 132 " 1,137
300 1 198 " 758
400 " 264 " 569
500 " 330 " 455
DR E (K,y): K,=880 (1/m?)
WEORRHEES 120 (FI/m?) ARE1H 120 (F/m?®)
% RO 90 (FH/m?) T4 200 (M/m?)
B N AT D fth) 350 (FI/m?) ‘
(AR 7E &4
AR R A IR TR i
b /¥ Bt 20,000 (4/m?) A ¥ it 15,000 (F4/m?)
3 v HEM 10,500 (F4/m3) RBER IR 9,500 (F1/m?)
Wit (N, L) 8,000 (F/m?) ~Su7tp (N, L3t 6,000 (4/m?)

BRLEM O R TE ks . MRERIRREMiMS 3 X OMIRILE X h RO(EES 5,
a) P= 8,060 (/m3)
b) P=12,810 (F4/m?)

OREELGF]

SRR OHEE: A=2,500 (ha)

7¢ bR R & L OE LRffigk: 1,=0.2, M,=0.1
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IV-4-2. [REMEFREORERFBE

IRFMEEE L RET SBRERT OEE LR Z & ABETHIE, HROER S X OB
JEUTZ €1, €5, €3 B B LU Kinarg ZDFEEKIEIT Table 12 0L K50 TH Y, ZhbOFHEES
LIRFMEEEZEE L 2Rz Table 13 0o e it b,
IV-4-3. XERTOEE

IRAMEFRBEE DML, WOEBIRENM, MEMSREM, HAEREY ) OBMESE AL TH
BeZJ 5 DR LERMGEREOHE L <RARTH B, Fig. 7 ZRTIRALHRITEL,
JFREPNIRFAPER (Kmarg) DIEAMTIC X > TH X DMEIIAE SELASIN S, fE- CTRAEER
DIRRER ThH R OWFEME (P), TOMAER K), —REHEE (M), 3XULEOER
CABEIRFNE (1) W, RAWEBREZRET 2HLEERT T 5,

IhHEDRFOS L, “ZTofhdER” 13, FOEZTELRFTRELTNE dim OEEZRICT
DT LBAREL D H 0, TOBERTEMMID L <WHEEFHE EORFELITRS ZLRLETH

Table 12. ¢, ¢, €3, B F L Kmarg ODHZEE
Calculated values of ¢;, ¢;, ¢3, B and Kmarg

a) RRKOEFE

d, 50 100 200 300 400 500
P 368 184 92 61 46 37
e 114 57 29 19 14 11
co 487

8 8

Kmarg | —2,146 198 | 1,370 | 1,761 ’ 1,956 ] 2,073
b) AIMOEE

dy 50 100 200 300 400 500
o 274 137 69 46 34 27
¢ 85 43 21 14 11 9
¢ 487

B 8

Kmarg 1,322 | 3,59 | 4,730 | 5,109 [ 5,208 | 5,412

Table 13. [REMEEE DO HERHR

Calculated results for marginal density of the forest
road in meter per hectare

d, 50 100 200 300 400 500

a) — — 8 18 28 38

b) — 17 50 82 113 145
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D, POBRGOEEEREERATROBARDF LD HDTH B, HA « &« B - 135
1D 2V IEREEEESE, WFhe l o> Th4 AORIRIAKETIC ST 2 h B LR
ZEIMICEIR T 5 2 L3RS TRV, —REEBICOWVWT D 2 2 Tl FEME A AV
TRB- TV 38, RBICED 25 2 5h i HiZEFH O BT IS U TR B O B 235Ky &
hoDT, ZHHIEBPOEFIRCEHT 2D TRV, - T “FOMEER" & “—RE
HE” 213, $HREIHRICE > CEBIH 5L Th, HBWEENLEEE 5RFTH S,

CNERLT, BTOREEB 2T 2 5% &7 5 X SRFEMIE (P) /36, MEck -k
RIBAE D Y, TR D RBMROBER, HEIBRICE U T, SEEEAELCX
SEEROEBHL L2150 MBS KIBHLEB 2T TOREBTH L5, KIFENOR
VRFTHS, L0 LIFRFREFEEEERCIVT, BEL D I HEEROBES TS
WOFBRTE IS IC K E D 2 B 5 KRS X A THROIRFMHERE D2 R 2 2L E» B
LThHH 5, FME () LERFEITC X > THE VEBT 530 TH 505, ik
R, PRAMERBERECH L TRVEENEZ S > TVWBEEWS T ENTE D,

Table 1413, RIREHEFIC I 5 RAMKE ATHOWHI oW, FIlE T OEEELS &1
FORFEBREZRLAZDOTHS, Zhick s s I OEMSIRAMEBEDOREICHR D F
LTREZ ERGH00, ThEehELT, RRKE AT E ORI CIREMEREE OEICHICHE
BRERPRBOOND, THOLRAKDEEL, BERERR EE LN AFMEERT I
DAMOEIRIIH 200m*/ha DA EZSEL L, FREEE 1.25 5, 1.5 fFic & hiZHH 300~
400m®*ha BLEZ < T3k by, ZhICR L TATHROBEIE, RKAKE D5 cbkn
EHTbb 100m¥ha DIFC—SOREAIGEL, FlmEsr 1.25 1.5 LHF T Fhd
100 m*ha DIFOERCIRIAICET 5, KAKEATHE QMO DA E 2RI, EELT
B, PRESRILERORIT X > T, FHERMEBATHROEEIEE P KAKOETN LD bH
BB ERFEHERB B, O EITEDIARET, WEMTESBCHROBKRLLDOE

Table 14. FIH (I) D#ic X BRFMEBEOL(L (HOFMHIT V-4-2 OFA LFALT) (m/ha)
Values of marginal density in accordance with the numerical variance
of the profit (I) in meter per hectare

a) b)
d, I 1.251 1.51 dy I 1.251 1.51

50m3/ha —m/ha —m/ha —m/ha 50m3/ha —m/ha —m/ah —m/ha
100 — — — 100 17 15 12
200 8 — — 200 50 43 36
300 18 13 — 300 82 71 60
400 28 21 14 400 113 99 85
500 38 30 21 500 146 127 109

(in the case of natural forest) (in the case of artificial forest)
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HIEFERE DB 2 UG L T b B X E DTIRAR L, ZOBRKOE T 5RO MIELERE
TN L TRSNBTNER SR WZ EERLTVWHDTH 5, [FRHT E 2B OFRZ 3,
AFERER A Lo DMIEEED OB VRO BRI E VAR DR TEDOTH - T, i
ET3s10 o At EERZEH E T 5 AT OFRMEHE 40~60 £ T 200~300 m*/ha 173

5 ERFBZINE, ROWE S 2T bAVEENGEE O ME BB TIE TR 5 MoE 2 20
L, R0t intREORGREERRLED L 2MB L ENTE S,

4 BHOMIEZ, BRI ED TR, »ORFIC R oAEEBEOR L L BT 584 Liic
SR LIRS EEBR L STV - efedil, F—REELLTOIBOFEAEZET L VD
NTWBH, WEAEFEC ST ZRERHMCE > T1E, ol s <EMEE: LTHRLLE
5 L uEZE, BESEOBIEL, SEEERRLESTEETFROERILRDCICHERD
EBIELR L, Wb 55ERBOFEEBIMTICLELORARTH D92 T5R8# T2 &
T&35,

V. WEMEEECEY 2EK

V-1. HEREREAETHFAOMES
mﬁﬁﬁ%ﬁﬁ,Mﬁﬁ%@@%&ﬁ%%ﬁﬁﬁﬁ?éﬁ%@bﬁﬁ,W@%ﬁu&ab,a
RIGAE, EARBAMISELE, B2 WITAESIWEHTS T ¢, BBCEFA LA S EKIROM
R EZ R T DO TH LM, ik, WEBEROAE LEIREREORE LR BB S Hik L
UM RIRE R R0 H 0, EEHIC SV TIES 5125 c e 5 LT 5, Ml
HIREEEE SR DRFANEBEELSE T FETMEA LR AL b, THMEEE 2R
FTHLLZLX > THEDBIFIERZ KDL 5 L+ 5 HTREHFZEML TV5, L ULKERE
ﬁﬁﬁﬁ%ﬁﬁﬁ,%ﬁ?é%oﬁ®@mmxb,é@%&ﬁﬁ%ﬁ@@@ﬁ%ﬁ?ﬂﬁmﬁm
ELTREATL D@L DD LTV, FRMEIC T 2 BERITIE, HifthiE & FEMmE
CEATSbDEBRH 22, DT, AEESFAOBMELZRMERAZHLNCL XS,
BRI T B EIREAE, MOBERRRE, EETNE SN S A EOSAREME ORI E
FHEAIRETH D, TOERIRATHRING, 728 LHREZ B LIRSS e O RO S B%
HRTERWRETE, WEHRE RERERLLS 8D VES,

1.0p"—1

T:K'X'V=1.0pﬁxo.0p'

XV

77z L,
T: REREH K: Baaetesk
X WEERAWEED 1m? %) ospRpplitg V: £ TFHERRE
n: IFEFLK 0.0p: F=
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HEMWEOREIRERY, TOMEZERT 5 LT » TAET HREEOHTEERBHEOR
MEFERELETL30T, ERIKROLEEVTH S, KX UKERBR L RTHIEZ DMK
THEERITIRD CEBTERVIGEIE, WERRAMYRIRERLE L5,

T =1.05K(F-V-X+H-Y—0.03Q)

=1.05K{(1+a1)-f-v<3—m’f—@Jrcl—cz)JrH(D— 1+£+a5>—0.03Q}

Z iz,

F: Bipes a;: BRI X B 4EESEDOM LR

[ FEBED V: EEOVFHEIRE

B: WEMEOL VB 1m® %) o&EE X: £ 1m? Y ) oBEEETRE

ay: BENFRI G X A EROBREE ag: BILIREIT X 5 AR DOERR
c1—Cy: MEBARRATHRIZ BT 5 1m® %4 ) OEMBE DXL

H: EFEEsaia Y: 1ha ¥ b o EHREERE

a,: SBEFRIOEHEIC X 5ERE OERIRER as: BELIRAEIT X 5 SR E O iR

D: WENR DR WEED 1ha ¥ b o Sk Q: FHHMROMRERICRLE 5 HRE
LRED T & SMEE, ERMEORFIREERERE RVERS IS5 X 51T, BiEkiE
TUE, TR SN D RTOSTIAME 2 FKUET U C, £ 41553 ARK RS ORI Y %E25 bk
EREZKLEDLT230THY, BEREDOHAL, WEOBRRIC X - CREIR R EMHEL
EERRIPERT DREREC 2EEEL S CCGERBORED, X OCHMILRER X 5ThE LR
WCHD AER - ERBOBBESOMMAY 577 EERELZRALBLLTE2FE 25 TH
5, WINHBFEMEZNRICLT, ThE2EET 358 TRA LB MEREOIRFHEZE
ADEMTLTHETEHDTH S,
COREIREERAERT, BERS OEFEHAER TR PR HREE N D b Rd IR
EZ@EAL, Hbt TRHHRE L FEWEOHERZHAT LT X - T, bHBREMKERD
EERFTEEZH TS C L ARARETE R, LA URERIREEEE SR, W5 Xk 55w
COPDRICEH U TERSMESAZEL WS LEXON5, Thbb, (1) BEkEcEL T
i, ETHRRCET HABEMEORMET2HEEL L TVE 2L, OF hRERORVES
DA 2> SR EIREEZ RD TV HHTH D, THIIRFENICLELE RML TORE L %
DN BM, WEMSHRENS Z LT - THRAROMFIMEESR L, SIAMERES AT 58
R, HETHEAEEPBERT 5BERBEEEIN TS, - TAMEIMEVEZS, &b
5 VWIXE DI & 7 S My, RANE U TR B 2 Bsk LT, TR < HiR]
M S BRI HAINIE 4 S S OWERRA LB /R L LD, bbb A—ROBFFAND D%
20, AENCZLVHERCSEOHEBIREZ M LARVOIRSATHY, ZOBFEKITEWTIE
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REREFREESRDIRD TEAV, LeURD CEROSIAMIESBTH - Th, £OMENH
DMEDTHROBMERTHSTNIE, WEICE > TEOBRKEZETET 5 o L HBRIBIIC T RE 5
ADEV, DED ZDOHFETIE, FFREEIEOENH SRS L v 5 AICE 1 OERD D,
X0 EELIREN, MEORAR L ZNIC X » TET 53K LA & OMAERER» HIRES
NEOTRINELRSEV, Q) HEREEOHEEITIISIAMENEEDERE IR > TWDHH,
BEOSAMEEEE T, RHEE BEMESICCh BT EHEAREIREL LTRRA
FhTwa, fFEeike L TRECLELR—RERR, FEFIL{8EhTinIiicd
MERD 5, B) IDIER, FE4WRCELNS ARG ADHHEYEEZ T MEZEAL
B LT EXFTHMEAPD D, MR HIE, WEBREOHEINL W LITEEF IR &
Fl—Td b, BE&MRDIARENAOHMEIHICHW DD EFLWHELSNE, Blicir
REWADFIEAFTEIME THEBORARCEF L WEART LR R TERVILLTH
%5, LdRiliast=MuEBRBIRE &< 2 &1, (RHEEEBICHREZ —FRCBERL, B
BEIAZE U TRV LWERRITE 5 ZLR2ETIRICL TV S5, WEFEETOREICED
LT CTIEBEN L WhhlIk b,

FEHEOREIRERICRE L T, WEDBRIC X 5 BEERBHELINEREFR L T20TH
5 5FAMICIRELY, L LEERRREORERTOMTOWT, BMEICKT 5 L[
ROMERPRBHFET 5,

IhEETLI, BREREEEEFRL, ISP EROMSHEEREDDET, HADE
ML CIREREZEEL LS L T5 L CACREMEWERSTERER & L COEREZR<HEH
5P THB,

V-2, WHEREEOERK

DlbDZ &<, HEROMEMTEIC B 5 ERIEECIV S OrORBERED 5 LEL LN
50T, EERAREFREOMSEZF/CHAT S Z LTk b, FRINLHEREOE RN
—FEEEAL TE A, o TR, ZHOFEZHEFEFEOHRTED X SITMEST S
SO E 7R 505, ZhEITHINC, WEREETELZOLDOED K, Tiabbr OMk%HrEC
L THEPRFIERL SR,

Table 15 Vx¥if/c T SNMEMHED BIZEZRL DD TH D2, £ D HFEEITFHEO
RO LA L TV B, £OEAE, BPIOFECII4EE, KEELV-2bDETHER
EOIFTHITH - 7203, TOX D BMEIMIEEIRILD 7cd DERIISEHR & L TORHEZ R H
W xic, FHEOMRLLWBCRAIN TV b THY, BETIEEN LokEL 13~
l4m/ha FEEIC E TEBT L EHB—COBAELE > TW5H, b tEEDRIC 5 [l HEHE
SERTHN, LrdFOEEBERES LTE b Twvolk i) T &1E, HERERITT
DREME & L22BBA KRG, PhEORE & rREMBEIEITN T 5 FROBRIC NS S HRIT T
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Table 15. ¥4I 351F 5 boBEHEFHE
The standard of forest road network framed by the
Forestry Agency after the War.

F B A = BiEEE 1 %

HEF0 26 4F Mg 10 »4EFTE 25m/ha BEBASSM D ERED B8 B HEE(E
31 4 PR E L5 HESHE 20 ”
33 & R 16 I8 & 2m KGO+ HE, KEELZR
36 4 PSS Z "
38 4 L EZRKEE 14 HBEEOREZNRELK

e LIENELREY, SHERERBZED, EROBHEBRORNEZAEL, KEARKOME
FBELZEREROZNICABELDLRCAER VDD TH - T, THEEY LT BMEOERH
B E 72 o e D TH B,

FTTRIRN2E 51T, WEICHT HB@B N ETCORL L EEBOIELKEZER L 2b0»5
A ZERZ RETW DT, SHROMERRHEIC I\ T IERORBRI 7 BIEHE2Z T TR D
R TELLBRD 205D, E5 L THIWERDKREIZIFEICRML 2 LT, REFHTER
5 X5 R OB EHNRE S SEBINCRES NI IO THRINIERSE L L>TL %, £
LTZDX S LFHEOEFTOFY £ 5L LTRITGERS ZDODFHESRIELE L i1 TL 5,

PRERED R AHE: REREOERIODEREALTRBEZEL, 12 ChsdOMREREICHE
LI D X5 LB WEEOWEM L BRI T 5 2 LIFAERARETH D, —
7, WEOBRELEIIEEDOA/NC L » THYERTIEDLSI0THY, —HHRShZZLES
CZNEREBELB/DLDDOTEEY, Thd 2, WEBEDBEEIERTRBCEEINS X
SHRZLEBHDE, TTRERLIMEBLEDOTIRENEL APDOOLNELFREMERD D & L BIT
BT MBS 0D, LMo TIDX IR EZBTHITNE, 2k RN RELIC
M, BROFHEZSHICE S 5T HNHEREDAKFEHE « DBEIRELOF D &
EIRE LTRELFEL TCORTRERS KWV, £ L TN d O TRVt LT
b, BERLRROEMPEVIRVBAREEIND X OBRDIDTH> TRELRVDTH D,

PBEFOEMETE: L3 hBEOBIRTIE, £@FFEICRENS X 5 RERE L WERE
RO OMFEPLERBTHZ LB, »AILTILLO—HEHARLED D, 5 VIXHE
2R DB ZIERR LB RV X 5 Lo S BT 5, - TREMOFIEIE, &5
LCHYHET2REMHNTERLES, d2WVIRERTNEWERZ, HEOHFMROEITIH
LTHD S ZEPMBEITE>TL S, ThbbEMHEOEMFESLEE %5,

ERMFHEIIFOLADRT LD, ThERBRECETFTSZ EBTETRINIERS RV,
AR REE T OREROERBITSC T, BEESBREZBEMCHBIL TIRETHZ LIRS,
€ > THRRDIREE DR —TH > Th, BESE « ARC X > TRERBBPET L LD
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FEhabdThoT, —HCEMEOARELRT C EXEETHE, LrLvPhicl Tt
F T HE R%@%kﬁﬂ&Lrﬁﬁ?6m%®kﬁ@&%ﬂ%#éhéﬁﬁmﬁ@ﬁéma £
HAEPEEATIR S 72D R/NRLE & 75 5 B OSSR ENRT LR DRV, MERO X
FHENE, ZomEFEOHBHED T bREOEEBICH L2 0BREINDL T LTRSS, £LT
ZDL S L THRE SN MBEROEMFIEL, &< % TLkIEORO—HE L TisEShE
fTXhBOTRIFNIEE SRV, WERAOERICIE, ot BHmrekstme, YEis
EWFtE E OB EMEL, EMFHEIOME DR L ZRSEINCITR S T &IT X o TIHRAREERDH
EHZTERT 5 &5 BIEISNCE Y R H IR TH S 5,
V-3. HMEEEORER &HEMMHE

EROZE <, MOERERECE BN BB UICSE » 7o kEHHE &, HEEFTORD0 LHiE
B EADD, ZOERMBIEOREICE, TOARE L TREDHEN» LTSN BRKIROME
W & BIRNREOKEBED o2 Rk 2 DERB ok, LobEAMICE N THRIT L TE
TIRFMETE 5 L O L ER/IMGEREL, MTE2SD 5RE LD D & TSN B RAIROMKE
BE, REIPEREMBEE/NCT HHEBETH 5D, IREMEREOEERIIMERD 214
TR XOEHETE O REZRD LR E L TRHAT2DIGEL TW5, Thbb, BN
REHBIC L7222 > T, RIS HHROEERL S P RLEBL 2B LTERL
FIRFAME S SAFHENC 31T HEBE L i 0, BIEOHEKIEL AV-72d DM EHFHE D
IROMGEHE & 755,

Thicx L, REMRZR/NCT 2 DER/MOEREORERIL, EMFEO FIREZRTHE
FEZRDLDICHEAINDZ LIZHAATH S,

Table 16. HEfEEIE & MEEEEER
How to apply the formulae to calculate the essential and marginal
dens1ty for the planmng of the forest road network.

FHE o Y H A K &' R
ERFEH | RAKEEEERZER kB E BB > T TS h B
]

| BRFEMEEEREER REOHMEIEEEICL T, FFHEL S DRKIRE © b iE#H
M ERREEE R L, BERNEOWEEE»L, EEOEBCHL 20
- : ELUTHBRRE S/ DT, &fGtEO—#E L THE
Thd,

CNEETBIC, WERETE OB RS LB AT 5B 2 % HE -+ hiE Table 16 ©
CEEDDTH-TC, EFEEHEEMFFEEIEOHROZE L, TOWVWTFhERWTH Bk
OB 5B EE T VW TH S S5,

- E 5T BROMEREFE T, TORFEEESMEFRETHLLINL D, Thikdiitl
THUORTICH U 72 B AECE 21775 5 RS TICHIBET 5 2 2130 5 2T\,
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Résume

I. Forest road system is an indispensable facility which enables the modern ration-
_alized management of forest industry. In spite of the recent progress in the mechani-

zation of the logging operations in the forest, development of forest roads has been left
behind for many years in this country. Urgent need is the further construction of forest
roads.

Recently the Government Forestry Agency has made a long-range plann to increase
the forest road density up to 13-14 meters per hectare within the comming 30 years,
but this plann is a conventional one without any theoretical basis. Therefore, the plo-
blem, how much the most adequate density should be in this country to fulfill the
demand of modern mechanized logging operations and intensified forestry management,
has arisen and become the focus of discussion recent years.

The author tried to find out one of the theoretical approaches to slove the problems
from the view point of logging economy, and at the same time, to show how to make
the rational plan of the forest road system.

II. The planning of the forest road system

If one observes the historical progress in the forest road system, it is obviously
recognized that forest roads can be classified into two types of roads which are function-
ally quite different from each other. They are the access road and the primary road
in the forest i.e. so-called forest road. The access road is not only constructed at the
first stage of the forest exploitation for the purpose of expanding a logging area in the
economical sense, but also an indispensable facility for the timber transportation in any
situation, because it makes the cost of timber transportation lower. However, forestry
of today in the second stage of the forest exploitation, in which the reforestation is
carried out for substainning timber production, requires forest road more and more in
the forest not only from the necessity of logging operation but also for tending young
stand and realizing more intensive forestry management. But it will be scarcely possible
to complete such a high density of the road system in a short period without much
subsidy of Government for the construction of forest roads. So the forest road system
should be gradually built through a long period of time.

If one wishes to cover the forest area with the rational system of forest road in
high density, therefore, it is required to make both of over-all and practical plans in the
planning of the forest road network. The former is to be planned from the view point
of a long term forecast for the forestry management and the latter must be planned so
as to be realistic and practicable in any given situation.

As to the planning .of secondary forest road i.e. temporary or operational low-grade
roads which are also indispensable and essential for the modern forestry, it should be
made as a partial planning of timber extraction. So the planning of secondary forest
roads are not dealt with here.
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III. The density of the forest road and its meaning

In order to make the plan of forest road system, one must confirm, to begin with,
the total mileage of the road required for the modern forestry in accordance with the
method of logging operation in the forest. Deciding the distance of road spacing or the
density of the forest road is thought to be the first stage of the planning of the forest
road system.

MATTHEWS tried to establish the forest road system reasonably and theoretically by
means of finding the road spacing theory. This theory is based on the minimum cost
idea that the distance of road spacing should be such one as it makes the total sum of
prehauling cost, truck hauling cost, and road making cost minimum. Theories of
SUNDBERG, Kamiizaka, and others, which are all issued thereafter, are almost similar to
MATTHEWS’ theory.

The road spacing theory is to be considered a reasonable method for logging opera-
tion on flat terrain, because in such terrain forest roads can be located and constructed
without regard to topographical conditions. In other words the boundary of logging
area could be determined voluntarily in accordance with the distance of road spacing.

On the other hand, in the mountaineous area with topographical conplexity, it is
usually quite difficult to establish the forest road network at the interval of the road
spacing calculated theoretically. So the application of the road spacing theory to such
terrain is rather inadequate and impractical, especially while the forest road system is
in low level.

Hence the author tried to find the total mileage of forest roads by means of the
conception of road density which showed the relationship between the road mileage and
the area of the forest.

The density of the forest road means, in general, the length of the forest road per
unit area of the forest. For instance, it is expressed by the unit of meter per hectare,
and is often used for a measure by which the degree of intensity of a certain forestry
management is estimated. If one wishes to estimate the intensity of the forestry manage-
ment by road density, it is obviously incorrect that the access road which is functionally
different from the socalled forest road (primary road) is taken into account for calculat-
ing the density of the forest road network.

IV. The essential density of the forest road for logging projects

The expansion of the forest road system enables not only to realize the mechanized
logging operation and reduction of operational costs but to bring about much advance
on the operations of reforestation and tending and on general activities of forestry manage-
ment. The more forest roads are constructed in the forest, the better results would be
expected to a certain extent. Then the most adequate planning of the forest road system
should be finally decided from the all-over point of view in the forestry management.

However, judging from the fact that the most remarkable advantage caused by the
construction of the forest road is the reducing effect on logging costs, it is quite natural
at the first stage of the planning of forest road system to find out the essential density
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(the lowest density) as the lowest limit which is indispensable for the logging operation
and makes the total logging costs minimum. This is to be determined from the stand
point of logging economy only.

Elemental costs in logging operations: Elemental costs which originate from the
process of timber production include the cost of processing (felling and bucking), pre-
hauling to truck roads, transportation on roads, loading and unloading, construction and
maintenance of the forest road etc. Among these elemental costs, three elemental costs
i.e. the cost of road making, road maintenance and prehauling are especially considered
to be outstanding although all of these elemental costs will be more or less influenced
by the forest road density. Fluctuation in these costs are obviously larger than that of
the other elemental costs, and these latter are rather considered nearly constant in value
regardless the circumstances of the forest road system if compared with the three ele-
mental costs.

It is possible to say that, therefore, the cost function showing the tendency of the
total cost of timber production might be deduced by use of these three costs only, and
might be considered to show the tendency of fluctuation of total cost of timber production
with considerable exactness.

The cost of road making:

a) In the case of clear cutting system, the average cost of road making which is
to be charged on the unit volume of timber produced through the period for forest road
construction is deduced as follows. Assuming that the borrowed capital is used for
constructing the forest road in the deduction of the formula for elemental costs, and
that the repayment method for borrowed capital is annually equal repayment system,
and furthermore, that the repayment of the capital is deferrable for two years, the aver-
age cost of forest road construction (K,) which should be imposed on the unit volume
of timber produced within »# years is given by the next formula (2).

- mCin [Zn—m+1+ 2p
" q(1+s)d, 2n MY

b) In the case of selective cutting system, it is quite natural that the forest road

]d,:cl-d,

system has to be all accomplished within the first cycle of cutting. So the average
cost of road making (X,) to be charged on the unit volume of produced timber is given
by the formula (3). In this case # is assumed to be such a period as obtained by dividing
the circulation period of selective cutting system by the rate of selective cutting.

The cost of road maintenance: Two kinds of expenses are generally included in the
maintenance of earth roads. The one is what varies with the trafic volume on road,
while the other is independent of the trafic volume and is nearly constant in value for
the given geological and weather characteristics of the forest region. The cost of road
maintenance mentioned in this paper, however, should be considered to be the latter
only because the former could be rather regarded as a partial cost of timber transporta-
tion itself. Such a cost of road maintenance has a tendency to increase year after year
in proportion to the increase of forest road mileage without regard to the traffic volume.
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So the cost of road maintenance (K,,) which is to be charged on the unit volume of
timber produced from the forest area should be expressed by the following formula.

Cn(n+1)

Kn=2,075)d,

-d,=c,-d,

The cost of prehauling: The prehauling cost is subject to many conditions such as
the distance of prehauling, the type of machines used for prehauling, annual yield of
timber, the size of timber, the topographical complexity of logging sites and so on.

However, judging from the remarkable variation in the prehauling cost due to the
difference of prehauling distance which varies with the density of the forest road and
from the fact that the aim of establishing the forest road network in the forest lies in
making the prehauling distance as short as possible, it should be said that the distance
of prehauling is the most outstanding condition for determining the cost of prehauling.
The cost of prehauling per unit volume of timber (K,) is to be obtained as follows:

a) The relation between prehauling distance and its cost.

According to the statical studies, the cost of prehauling of the unit volume of timber
is approximately or practically shown as a linear function with regard to the average
distance of timber prehauling (cf. equation-6). In the cost of prehauling (K,), both of
direct costs and indirect costs are included. Labour costs, fuel costs, repairs costs of
machines, and the costs of other materials needed for the logging operation belong to
the former and depreciation and maintenance expenses of machines, expense for in-
surances, and taxes belong to the latter.

b) The relation between the average distance of timber prehauling and the density of

the forest road.

This relation can be obtained by supposing the theoretical pattern of the forest area
shown in Fig. 2. This pattern is not a realistic one to show the shape of the forest
area, but is an ideal one in order to find out a general or typical relation between the
average distance of timber prehauling and the density of the forest road without regard
to the real shape of the forest area.

In assuming that the area of the pattern in Fig. 2 is equal to that of the real forest
area, the equation (7) will be derived. A decreasing ratio of exploitation effect compared
with the beeline roads is taken into account when the equation (7) is derived, and the
author recommends the equation (10) to find the numerical value of the decreasing ratio.

c) The relation between the density of the forest road and the timber prehauling cost.

From the equation (6) and (7), the cost of timber prehauling per unit volume of
timber is expressed by the following equation (11).

Kszcs( v d72+18'"d1)+b

The cost function and the essential density of the forest road in logging projects: The
cost function (K) to determine the essential density of forest roads in logging projects
is composed of three elemental costs of timber production—the cost of road making, the
cost of road maintenance, and the cost of timber prehauling, and is expressed as equation
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(12). If the equation (2) or (3), (4) or (5), and (11) are put into the equation (12), the
next equation (13) is obtained.
' K=(cy+cs—cs)dot+cy VIET B+

Putting the 1st derivative of the equation (13) with regard to d, to zero, and solving
this equation, the density of the forest road to minimize the total cost of logging opera-
tion is given as formula (14).

d,=[ (cs—c1—c2)*B ]1/2
(2c3—c1—c3)(er+c,)

Discussion: Observing the numerical results (shown in Table 9 or 10) of the applica-
tion of the formula (14), it is obvious and matter-of-course that the unit cost of road
making and the volume of timber yield per hectare act on the determination of the
essential density of the forest road notably. In addition to these factors, the next two
factors are also remarkable.

1) The unit cost of road maintenance. There is a tendency to underestimate the
influence of the cost of road maintenance in determining the forest road density because
the total sum of annual expenses for road maintenance is usually less than that of the
road making. The cost of road maintenance, however, is continually requied every year
for all part of the rout. So it should be regarded as one of the important elements for
the determination of the density. As shown in Fig. 5-a, especially, it would become as
heavy as the cost of road making when the cost of road making is comparatively low.

2) Numerical values of (a). It is shown in Fig. 6 how the calculated values of road
density vary with the values of the ratio (a) which means the increasing ratio of the
timber prehauling cost in accordance with the distance of timber prehauling. From
Fig. 6, the ratio (a) is also considered to be one of the important factors for determin-
ing the road density if one observes such a tendency that the calculated values of forest
road density are remarkably influenced with the numerical values of (a).

Furthermore, the relation between (K,) and (/) should be expressed as a linear function
with constant term at least, i.e. K;=a-/+b. Up to now, the cost of timber prehauling
(K,) has been regarded not to be such a linear function with constant term but to be in
direct proportion to the distance of prehauling (/). This relation has been often used for
determing the distance of road spacing by MATTHEWS and others. If the density of the
forest road is derived by use of the relation that K, is in direct proportion to (/), correct
values of forest road density would not be calculated because of the over-estimation of
the value of (a) in most cases. This is the reason why (K,) should be expressed as a
linear function with regard to (/) with constant term.

V. Marginal density of the forest road

In this paper the marginal density of the forest road is investigated in order to find
one of the practical methods showing how much forest road density is desirable for a
forestry management. The marginal density means the maximum value of the forest
road density in economical sense. Then the most suitable density of the forest road i.e.
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optimum density should be decided between the values from the essential density to the
marginal density of the forest road system.

Marginal cost of timber prehauling and transportation: Marginal cost of timber pre-
hauling and transportation must be prescribed first in order to deduce the formula to
find out the marginal road density.

The profit (I) per unit volume of timber brought by the activity of timber production
could be generally expressed as follows:

I=P—(TK+M)

where I: profit per unit volume of timber, P: price per unit volume of timber, TK:
total cost of timber production per unit volume of timber, M: general executive expenses
per unit volume of timber. Total cost of timber production (TK) is composed of such
elemental costs as the cost of felling and bucking (K), the cost of timber prehauling (K,),
the cost of forest road making (K,), the cost of voad maintenance (K,), the cost of timber
transportation (K,), the cost of loading and unloading (K,), and the cost of reforestataion,
tending and forest protection (K,). Taxes are included in profits.

The reason why the cost of reforestation and tending and forest protection are in-
cluded in the total cost of timber production (TK) is that the costs of reforestation and
others should be considered rather a kind of outlay maintaining the forest resouce than
an investment put into the forest area in order to sustain the timber production in the
forestry of sustained yield system. The fund for the reforestation and tending should
be regarded as invested capital only when they are preformed on unstocked lands or for
the purpose of improving the timber stand from natural forest in low value to- artificial
forest. )

If the total cost of timber production (TK) is divided into “the costs of timber pre-
hauling and transportation (K)” and “the other production costs (K’)”, the equation
above-expressed can be transformed as equation (20).

Generally speaking, “the cost of timber prehauling and transportation (K)” which
are italicized in the above mentioned costs are much affected by the conditions of the
forest road system and “the other production costs (K’)” are thought to be nearly con-
stant without regard to the conditions of road system, and are subject to the topo-
graphical or operational conditions and the geographical position of the forest area. So
the costs of timber prehauling and transportation (K) could be expressed as Kiarg Wwhen
the profits are limited within the necessity for maintaining the forestry management.
This Kmarg is the allowable maximum costs of timber prehauling and transportation in
the economical point of view and is named here marginal cost of timber prehauling and
transportation.

Deduction of the marginal density of the forest voad: In the profits planning, profits and
general executive expenses are usually shown as next expression. [=1.-P, M=M,-P,
where I,: sales profits ratio, M,: sales cost ratio. Then the equation (21) can be derived
by transforming the equation (20).

Kmarg=(1_ Ic, miu_Mc)P_Kl



57

On the other hand, the cost function of timber prehauling and transportation (K) is
generally given by the equation (22).

K=c¢,(d,—D)+cy(d,— D)+ cy(Vd,*+B—d)+b

Then, putting the value of Kmare calculated by the formula (21) into K of the equation
(22) and solving this equation with respect to d,, the next formula (23) can be obtained
by which the marginal density of the forest road (d,,) should be calculated.

drm =5 LG+ (P41}

g= 2= =)D+ €D’ + Kinarg— b)
(2cs—c1—co)(er+c2)

03218 —_ (CID + CZD/ +Kmarg_ b)z

h=
(Zey—c1—ca)(ertcy)

General application of the formula and some discussion about its results:

a) It is obvious from the results shown in Table 12 and 13 that there are some
important factors which affect the determination of the marginal density of the forest
road as well as the cost of timber prehauling, the cost of road making, and the cost of
road maintenance. They are “the average price of timber (P)”, “other productional
costs (K’)”, “the cost of general executive expenses (M)”, and “profits (I)”. In these
factors, the average price of timber (P) is recognized to be the most critical one in
determining the marginal density. It is because the cost difference of the average timber
price in accordance with tree species of harvested timber is usually far beyond the cost
reduction caused by the rationalization of logging operations. And the marginal cost of
timber prehauling, road making and road maintenance is thought to be determined mainly
by this average timber price. Hence it can be said that it is impossible to determine
the adequate forest road system without considering the price of harvested timber.

b) Table 13 also shows that there occurs a remarkable difference of the calculated
forest road density between the natural forest and artificial forest. This is nothing else
but showing the tendency of high profitability in artificial forest.

Judging from the fact that the establishment of the high density forest road system
is permitted in the artificial forests, the rationalized and mechanized forestry has some
potentiality of profitability as an industry. Therefore, we must try to transform the
forest from natural forest to artificial forest, and modernize our forestry by means of
operating machines and completing the forest road network in the area of logging pro-
jects as first as we can. At the same time, it is thought to be quite effective and
essential to improve the financial subsidy system for forest road making as a basis of
the forestry management of today.

¢) It is already mentioned that the all-over planning (long term planning) is indis-
pensable as well as practical one in the forest road network project. This practical
planning should be in suitable density between the marginal density, which is based on
the present conditions, and the essential density for the purpose of forestry management.
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And it should be performed as a part of the all-over project. The author recomends,
as shown in Table 16, how to apply the formulae to calculate the forest road density
(essential and marginal density) for the planning of the forest road network.



