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Carbon dioxide emission due to the construction of forest roads in Japan:
present situation and future prospects

Hidenori SUZUKIY", Masaru OK A", Hirokazu YAMAGUCHI" and Masaki JINK AWA"

Abstract

Nowadays, mechanization and development of road networks are essential for forestry from commercial and safety
reasons. However, energy is required to operate those machines used for logging as well as those used in road constructions;
consequently, these machines emit CO,. Hence, it is important to evaluate the amount of CO, emissions from them in order
to know carbon sink ability of forest sector more accurately and to plan future mechanization and road network development.
In this study, we focused only on the road construction process and determined the amount of CO, emissions due to the fuel
consumption of construction machines. In the case of forest roads in private forest, the earth volumes and the corresponding
fuel consumption were estimated on the basis of the design documents. These parameters were determined in order to estimate
the annual amount of CO, emissions. In the case of forest roads in national forest, both parameters were estimated from the
results of the analysis on private forest. In the case of strip roads, the former parameter was obtained from the existing survey
data and the latter was substituted by the parameter of forest roads in private forest. From all these results, it is estimated that
the CO, emissions for 2007 due to the construction of forest roads in private forest, forest roads in national forest and strip
roads in private forest are 48.09, 11.71 and 97.64 kt, respectively. Further, to achieve the desired road density formulated in the
Basic Plan for Forest and Forestry (2006), it is predicted that the future road construction process will result in 19.11-20.39
MtCO, emission.

Key words : forest road, strip road, earth volume, forestry, energy, global warming
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BHEHEOREEDICBL TR, BRI SRE.
e MAREHOETEBXCFNS I B
KBWTRA GEEPERAE NS, BoOBEH O
DICTIVF—RBRL. ZBIEREZE LTV S,
COXIEBMOFERREEEOm EZTTEL %
EUCHEHEERBROBA»OELXELRLOTHD .,
fkiict Z2onBHEFEEOEEDN S, DX D,
MEEHZEC K> THEMROE OCRINAEZ MRS 572
DT, BHOBEIC X5 ZBLREZEOHH T S
NEVEVWZ D, Ko T, BHREHFPDMEFHICBL
TEDRED BILRENEH TN, FS5BIHE
NBERABTHAHEHELMNCT BT . HRICE
FAHRRWNBEBIFICFMT 2R T, FROME
BURSOBEMB T, BB A mx CICEERIEH
BHEAZBZ LK DEND, BHOMERICE S L
REFHBOBHIINETIREWL D TTDONTE
D, —ZZ5 (2007) X{EEHERRIEHICB T B
HEREZEBICEHML, £k, iz oFZKETO
MEMFFICBY 23 VF - AR L ZHBILREHEH
BRT U= ERMLROTNDB (—E5, 2008;
ZH 5, 2008),

TN SDOMEETURIDEIAMEL TV K
DITE, BRI & FIRIC MR H A EE L R0 PR,
TR R & 2 o & o 72 B 55 16 18 00 B2 il AY s i
&)6115260)}:,_\7}9%%0 LHL, 2oL 5TEEHED
FMRICEBWTLEREHE ENEREN, TBbRE
NthEhBc e &as, BEEMARBCEY % 8
ERZBOPHEE., ThETHAGMN VR, BEL
RHOB D5 ORERMBEEPMEFE Y AT L
BEAZELNTVREY, T TAPETIE., B
BULZHEBIOCIFEEOMR THEICBT % Z# Rk
R EREH U, F. FRICHE &35 K
@T:&bd)}ﬂwﬁi‘%%bﬁff&iﬁ%:}:é:@“é x5H

 ZEB{UREHHB OO REATEA L
%@\éﬁm%MMMM HDEZH%RT o

2. SRR SO HER & 0 E
2.1 #E

REMMEOFIRMBR R 1977 4 E LI 30 414
DIEE (REFF, 2000 ) TRTH 5 & (Fig. 1),
1987 EFEE TEMBEZEVRELAADEMOMERE
A 2,000 ~ 2,500km O THE L TWELDD, Th
DR —EH LU THMER L 5> TV 5, 2005
DAREE 500km F2EE X T L. 2007 I 1E 436km
Elrodes THECI19TTEEDBIC BT B Y — 1
(1981 D 2,466km) O 18% TH 5.

EEPME (BT, 2000 72 8 ) T3 1977 HEELL
M—B L TRPERZZE > T3 (Fig. 1) A, 2003
FEEMUBEPPEMEE TV 3, 2007 FEOME
BRI —ZE (1977 F£E D 1,237km) O 10% TH 5

123km 275> TV 5,

PR A8 OB ERE X, 2006 FICHE S Nl Bk - bk
YHEASHBEORTEDOLNT VD, BHOE X T ER
TER (FRIFF, 2006) I & B &, BREBEK. HR
WK, KIREMDOBIEEZ A T T EICEE LWDHEMK
DREZEDTHD, DERBEEMOEBLZE LT,
B TIIME & EEE R H b 12 B E A S0m/
ha, KEBREMTRIEEROMEEH L AEICIE U TIEHE
EHEREBHEITDZIEELTWVS, BEBHCELTES
WKL ATHD L. BEMTIRNEZOMMESTHK
EEOBEMAMIIE U T 22 ~ 25m/ha, FEEERE
22 ~ 25m/ha. FEF DB E 44 ~ S0m/ha % HE

L. RREMRTEMESEE R 17.5m/ha, {FEiE%E
PBBICISUTEFITS L, GalHEEELER
17.5m/ha £ LT3, T ORIEEE L HKEED 5
BHIHL MEOEE LWEER26.] Hkm,. 2D3 5,
EBMHD 16.7 77 ki, EEMKMDN 9.4 77 km ( HAME T
£,2008) £/5%, Table 1 KRS &BO . HIBEIL
B, BEMECHLTEFNRZEFNH 8 A km, #5775 km
RRELTWS,

4000 |
3000 r

2,000

1,000

BAZRXIEE Constructed length (km)

& Fiscal year

—+— REFEKIE Forest road in private forest
—— E B E Forest road in national forest
~%— REMIFEE Strip road in private forest

il FREFFF (2009) 72 & Reference source: Forestry Agency (2009) and others

Fig. 1. ¥GH - {13558 O it
Constructed lengths of forest and strip roads

22 FEE

RAEMICB 2 EEEOHIRRE (HE/T, 2009
I E) % Fig. 1 ICRT, #METOBE BN 1987 FLII%
THTHDBDE, Ml LARBVERZRLTVSE0
D, ¥— 7K (1990 £ & D 4,409km) & D LTI,
BOMM P RDD 2005 EETEE—TREON 43%
ERHTEY, METRELNZIEEDEBART
o 2006 4FEIE TR LAY 125%. 2007 FE S [E
157% & . CETRBERENEHICHEMLTETVS,
COMAEE LT, IXMUADZDITRRIIR{EE Y
AT LIRS U T2 fIEBEE M 0 B84 ( PREF /7, 2006) AP

TPk BTG 59 %4 5, 2010]
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Table 1 EAHYEE(HOBIN & BER
Present and target value of road network development

165

HEE Length(km)

BSHEE Road density(m/ha)

ik Area
(1,000ha) HR B TR iR B
Present value Target value Deficit value Present value  Target value
il 87,031 * 167,000 = 79,069 5.1 9.6
Rk Forest road 17,411 * i ’ ’ ’ '
Private forest Ve 05,127 * s
Strip road : .
£
bk bt 7,087
I o 43,668 * 94,000 * 50,332 5.8 124

National forest ~ Forest road

ED S B BEEBEOMOI %Y, Only the values corresponding to the motorway are considered in the case of forest road.
TR AP 928k <« Only the forest arcas within the jurisdiction of the Forestry Agency have been considered.

* Hi - BREFFT (2009) Reference source: Forestry Agency (2009)

Table 2 VE2ETE D H L
Target values of strip road development
e P, P LB SO
B> g Hempeg  POOUER e
| Estimated .
' Area Target density Target length present length Deficit length
(1,000ha) (m/ha) (km) (k) (km)
Fi1iH Managed forest 13,400 ** 235 314,900
RIKH I Nature
KIREHFK Natural forest 11,700 ** 5.6 wan 65.940
AL 5
At Total 25,100 ** 15.2 380,840 141,462 239,378

* B fE, Desired value.
=5 (il : BREFFT (2009) Reference source: Forestry Agency (2009)
ks BLRMERF LR L. BT B2 FUAA TWR L,

It is assumed that the road density maintains the status quo and new roads are not constructed.

HEHOENTWB T LR, HEOBBEIERBEM O™ L (
WIFF, 2006) R ENEZ ENB,

LR UzzeBD . Hbk - MREEAFHEIC B 5 1EE
MO EZX, FRMATIIERE 22 ~25m/ha, KK
EMRTIERBEIS U & 72> T 5, Table 2 105K
TEBO. AMETE. ERNMROEHEHFEL L THM
fET¥H 5 23.5m/ha, RAREMTRFEHZEZITDR
WEARE LT Table 1IC/R L2 REMROBIRME 5.6m/
ha & L. EAE/EEIEE R 38 77 km, & 15.2m/
ha & U7, EEMREEEICET M T— 200X
NTWEknizhic, B - EEMZEDOERREAKOFEE
BIEENELONGVLA, BERICBWTEREKEHE
HEEOMFXEEETHS EHEELT, AEtOMERR
IEEEN 14 7 km, BEMBICHT A2 REREEN24 7
km & UTe,

3. e BN Rt OHEE Tk
3. BiPERICH B T+TIEETE
BERERMOBEICX > T, FEAAD—EHn e LT
TELREN T OB THIHE NS M, LCA OF I K
N, arsy— MR EDOREY O - % -
ML« fRST - B, HBVIEOHBEHO D OE
ITOME, (R - HERR EIIC > BHBRER EN.
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BHERE LTEZBNS, UL, BEWEEDHR
RS, RSFRRP M EFEOEEIC DV T 2E
WEREFELSNTHWENT &5, RIFFE Tl B
WMOBREE O “BILREZEHFHON G T %,
SR THICB) 2 EEBHOKEREIZ., T8
Offt, HEREEEMICX->THES, T TEIZDL
T, HEHENBRUTREBOEMICE > T2 %3 &
EZAONBN, (1) 2EHH S ARERERHS (1998)
OB INE, TTEGEMEOEBEEL. EE
DM > THEMT %, #AETIE. 2 (FIER 32
FE) - (25 ) - fREA (R 17 &) IR 9 Lk
—IBEBBROEELTE, DFE0Y+E, BLE B
TEOEEN, 2 9 BoOkET10:1.0:1.2 &,
BHEANTELEZ{ E>TWVS, TN, A—DbhHE
ARTHNE., ERHRICRL LY TE%E L
BLEAKTEN, SHKKAIARD L, BETEOME
MERBETBCLICELVINSDEDPELTBEDT
HD () 2EBEMRLREFRHES, 1998), — 7.
EDOEBICEDTTEDENS, 1985 ~ 1987 F£EIC
PR ENTERAEMRMKE 1 (IRE 5.0m), 2% (IE&
4.0m). 3 #% (1HE3.0m) DLTROLPBBLZ 2.0
2 1.5 1.0 (11, 1996). 1995 ~ 1997 FEFICHIER X
NEREERKET, B 2.1 1.1 1.0 (BT, 1999)
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ElEoTED (ThEDLEEENFEED TS TH L
BEFHE->TER). VINE 3m & SmigE DMK
BIEBOWT, TIBCBBEEIZ2HE0ERHZ N
DB, BENETILERD L. OTNOHBERKE (
BEE) KBLWTLTTEOENAALNS D, F0O
BOMERRICEIALTIEBERDTHARBZLLEL
7zo

FHEIZDNWT, HMERESFEEEESH () B
AIBLTEKIS - BARMERS , 2008) Tk, RN ¥
ARV KAEELT (16) KB 3 HMLOEHIRHA
(RSN . Eil) ILBV T, RLEEDROIVE -
WHELE, BLYROEVVER - EABIUCEHE (1
YA LD, WAy P EE 0.8m’, fEEA
E180° L E 1KMbBILOOLTENFNFE
N39.4m*h, 273 m'h, LRI LTEBLZF14:1.0
EiB, TOEIRITEDBVIC K S L REDEH
BEOHERBLEERERN L%,

T TEOMMIICH > TR, 2001 EEICHEIN
T 2E OB, B 32 BiRE M5 & LT (Table 3).
BB EEREEN DR BEREEE T, FEEICDOV
TRHREFFEMERE (1998) IC X 2 AEKELZB L

Table 3 fiRAf I Sk DY 52

Outline of analyzed forest road

SUZUKI, H. et al.

foo CTOBWETIE, 1996 FFFICHBR E N 166 BT
OEMIEXERZXRE LTHBY . ARIEMOFIEN
13,178 [/ m, £IEEDFIHMHEAL 3.2m OERTH 5.
LFRIIMERERE & x> TV BHD. HEIT (2009) OEH
RETI. EEMBEEOMFEEL UTHADPEOLN
TW3,

32 EBEWMOMREEEIC LS T BIEREHRLE
B OB kW, BiE 1 KBS D OR
FUHE R, WEEEER (1) BAREBLEKBES -
HAMERHS, 2008) WoRDBILENTES, L
U, BRARODEENE TR MO 24 2 0 2 R 7
TET, BoOBBEH MBI TN S, HE
DBIRR T H TRE L~ RIS & 12 BRI DM
FHE R (Table 4) ZHAT BT L & Ui, Fio. B
HESMEE L THEBELELEDOTBILREHHER,
REEREYRN AP BEE T ERE 2 (2006) D
B B3 7C (Table 5) BEIMOFBEBIHE &> TH
TOZEEFMNHZH, ER (REAREBNET A=
WEFEMETS, 2006) P, mBH LWL 2004 FEDfEE
BRLT, BHmIL OB L5 ZB{LRkESEER
2.594kgCO, & LT UMD EETT - 12,

FRIE RIS FEHEL IR Average SRR (TP /m)
Forest road Sample formation width Average cost
standards Number (m) (10°yen/m)
1 #% st grade 10 5.1 247
2 W 2nd grade 10 4.0 209
3 #% 3rd grade 12 3.0 116

Table 4  E MM OMCHEEE & MOERRAR O & ORBIMIC X 5 RSB &

Fuel consumption for three construction machines with different sizes and its proportion in each forest road grade

BRERF IR

BRI K BRI SHRORE

The fuel consumption proportion for each machine

{4 Specification Fuel . M ARHS Forest road standards
consumption
(L) . o i i 3] o
1 #% Istgrade 2 #% 2nd grade 3 #% 3rd grade

SRy ke SNy R (D 0.45 10.5 0.00 0.00 0.18
Excavator Bucket capacity (n’) 0.8 182 0.49 0.43 0.21
T e R iy 13.7 * 0.00 0.00 0.05
Bulldozer Operating weight (t) i5 175 * 0.12 0.09 0.04
BT NSy Rtk 4 73 % 0.00 0.00 0.45
Dump truck Load capacity (t) 10 123 * 0.36 0.47 0.07

F OO & B PRI

I&ZEATHIEWS, W E R

HENE L0 IERB RV ENDH B,

The fuel consumption proportions for some grades do not add up to 1.00 because the consumptions of other types of machines have not

been considered in the total value.

* (i EPOHEEEER 2 Reference source: Forest road project design documents

7

PR AT 55 9 % 4 5, 2010]
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Table 5 #HHOBBGEC K 5 _F LA =

CO, emission due to diesel oil combustion

BEhoo R RO BER PR FRE CER(ERRRBEE R
Calorific value of diesel oil Emission factor of diesel oil CO, emission
(MJ/L) (tC/Th) (kgCO/L)
3777 18.73 * 2.594

* Hilly - BABEH (2006) Reference source: Minisrty of the Environment (2006)

4. FEW LB

AV BUEsS Y OIS —BIEREFLE

FEAT W SRR ORI B DB MOE D AL IERED o
Y+ TL&% Table 6. Fig. 21ZR9, BE (B X3
T TEORRE 28 3WA2.9:1.7:1.0&87%0,
BENREBIZAKELE>TWVRL LRGN B, BT E
DOEERTHD . BHOD 1995 ~ 1997 ERFIZBHER
ENTHE (R, 1999 O+ TaEERL T, 1/
MHIEIC 1.1.1.2.0.8 % & 1.2 TEFTHEML TV,
F . 1985 ~ 1987 EE O M (T, 1996) DL T
B OB T, HIC 1.9, 1.3, 1.2 BBl TWa,
1999 FEDMES (FIFT, 1999) I KB &, wpfpfkE
TIREROETESZER LT - e e 5
NBEEILHE>TVATENEHEINTVS, SE]

ERFEROE DL ERTHEBAKICRSEE LT EOEM
NRKELESTVBEDE, TOEHTHEAELEZLN
Do

E BT, Table 4 DIRFEE BB K UMEREFHIC
BUBEERMO S BAENS O OMEIEEREZS
jz (Table 6), T DfE & HAIEEH/Z0 DO LT END,
BRILBIO DL TRZBR LN TES, TOM
EEBOREMRMETLLE T 3 &, MERKEPTHS
FEENELEo2TVD, T, BHAINhSEMOK
2EMPE LB T & (Table 4), WO S LT EHD
Bl BTk, EEGHIPL GBI LT EICK B
THROBETICLBEDEEZBEND, £z, &HET
oW, FETE OWHNER R L T F 2R A B
ENTWB =8, Table 6 DERAEKRMIEIC 51 5 BHE
HEEZ., M Ssitho+E (Fig. 3) I X 2 8EHE
BEOBEVWVERMULEZELVWA S, &I, Fig. 3B
T MR La>TWVBHHEIE., REET T,
WEL, ML BEL) 2EenTvwidboT, -
WEL) &L ML - @8t ovndhhicsy
HENALEDOTH B,

EHEHcBI 2L TEIE. BEEMMKEICBISEE
CETROBEBNMS RGBT LT B, MHEDOBEKRIE
Fig. 4 DX 5% b . UTomEHENEL N5,

y=221x>+1.22x R2=0.34) ()
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CorE y: L£TE @@Ym), x: BE (m) &7 3,
INLHEHOBBEEGREp I DWVT, Hy: p =0,
H @ p=0, AEKIEI% CRERT>IET A, U
ToEHD Hy ZENET N, BELHENSZ & O
REEHT

ty =|rNn—2/\1-1* =3.951>£,(0.009=2.750  (2)

ToEE, Hy: WERS. H @ NI IRER, 4 BE
Hat&E. r MBI (50.585). n YT IVE(=32),
150(0.005) : HEE 30 O r A 1% RO E T 5,
EAEMKRTEIRE 3.6m OMENLZ>TWVWS (FHH -
By, 2005) C e, COWREIKHT S TER (1)
KNSRDB &, 33.0m°m LB, WEN2HE3
BOPENGEETHB S, BAMRSIZO DL
TELERCHENEMEICES EZZ, 0.90m’ /L L1K
L. BAEESD -0 OMEEE &% 36.7L/m £ BT
L 7z (Table 6),

ERBEOLTRICDVTR., R TEMKRESR
(1998) DIREHRHLLBEZENTES, TORE
T, YELEE LT EEhTvwaEZY LRICE

Bim cn#L, yrah, gELtarftaoaitc
KL BB EDERECBOVTHERENZ L, LT8
8.5 m*/m %187z (Fig. 2, Table 6), LEDWNRZ &K
Mgz e, YILEOHED 2EEIIFEE &M
BETEREFELVY, BLETREEEOHHKEAE
BERAL, BIETEEMNEDHDPRELZ>TWVD,
COMEE., MRETRECYICX > THEEDL -
TWwaidic, Lz to— U Ic X
Nixvolexs U, (FEETRYIREHZERLTEL
MHZWE iU, Ve EEOmAICK > THEZ
Do TWVBbLEbNSE, TOWREHEICHBVTH
IR E T o [FRBOTPIRENHE 3 EETH
Tlhb, FEBECBIZHEMBBSY LT E%
ME3IHEAL 0.85mY/L EREL T, BAERD <
D DRV E % 10.0L/m & L7z (Table 6).
PRFIE B & & Table 5 T/ B LRFEYHEN S
HATHERED 7 0 O TR LRFHHHENE SN S (Table
6)o FEBICBIZ2HHERZ I LLIEEETDORMKED
PeEIE. 3 ORIE T 2.7, EHRMMGE T 3.7, 2
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BT41, I HEMETTI EADB, TTE (Table 6) T HIEOOLTRICESLD, HESERBEEL
. EREE DN EFNFN27.3.9.45.78 20, IHEHVELLZDIEDTDH S,
BHEOLOA PN E>T 0B, TR, B

Table 6 £ T & - MARHHE E® LU ZRILREH HE

Earth volumes, fuel consumptions and CO, emissions

tTHE HARHEEGR WS T 0 T TR TR AR
Earth volume Fuel consumption Earth volume per unit fuel CO, emission
(m*/m) (Lim) (m'L) (kgCO/m)
1#%
st erad 66.6 (7.8) 70.7 0.94 1834  (7.1)
st grade
RAEMWHE 5
Forestroadin 380 (4.5) 41.0 0.93 1064 (4.1)
2nd grade
private forest
3%
3rd arad 23.0 2.7) 27.1 0.85 7030  (2.7)
rd grade
R Mo
Forest road in national forest 33.0 (3.9 367 0.50 95.11 G
REWEE
8.5 * (L0) 10.0  ** 0.85 2598  (1.0)

Strip road in private forest

FHEUIHEEM, The underlined values are estimeted by the author of this paper.

* B0 BRI RR R 2R (1998) BB

Reference source: Forestry Agency Silviculture and Protection Division (1998) modified by the author of this paper

** LT, AR S 0 L THD S, These values are caleulated using the earth volume and the earth volume per unit fuel.
IR R MEREOMEICH$ A% %53, The parenthetic values represent the ratios of each item to strip road values.

1%} 1st grade 2% 2nd grade

et “HH

+ T & Earth volume (m*/m)

TRFE 2GE JRERE  fREET

ist grade 2nd  3rd grade  Strip
%% 3rd grade

forest grade forest road
road forest road ey
road B -5 E 1 Sand and sandy soil

B X5+ -8 T Cohesive and rudaceous soil
\ E18- EF Block and cobbled stone
) O 8 (D A Soft rock (1) A
| #E () B Soft rock (D) B
0 BRE (ID Soft rock (1D

Y1+ & Cutting volume W B+ & Filling volume
O 518 Surplus volume

e FREFFFIERR R AR (1998) % 4E% L Reference source: Forestry Agency SRR (1) Hard rock ()
= ard roc
Silviculture and Protection Division (1998) modified by the author of this paper T B SMETREE Not classifiable
ot ™ He
Fig. 2. ## - FHEDLTTE . 2 EE S
ig. 2. R - FREOADL L5 Fig. 3. RAMMEHRILOLE

Earth volumes of forest and strip roads Soil properties of forest road site in a private forest

PR AT RS 9% 4 2, 2010]
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200 r
E *
tE/ 150
(]
£
3
)
> 100 ,
s y =221 x"+122x s
© 7 _
w R° =034
*
B 5 L
H
+H
O 1 L 1 }
0 1 3 4 5 6 7

2
TZ8 Formation width (m)
Fig. 4. REMMEIC B 2IRE8 & LT RO
Relationship between formation width and earth volume
of forest road in a private forest

422 FH B REHHE
REMMEICBIT 28 HBOMEBLEREZ,. FEKRT
EOHNBELMCENTVSEEDOD, HHERE
B} AZHRFEHASMCE > TWVEY, X, BIEED
5OMEREOE G, FHEMERICKZEmMET Th<.
NENOBEILIDBDEHHI LD, FIFELD
EEDENOHEMREZRDBLETERY,
ZAL. 2007 FEERDIMERE Z AT FEROM & L d 5 &,
I, 2, 3D MEIC, 87km, 193km. 100km ¥/ L T
WER, T OEE 380km id. 2007 FEIS B B T
BHER & 436km K H /&L, TOED S6km WFEICHE

BEENMBEETHS LEDNS, BEERICET

W, L RAREDRDREIN L, 2B TR TS
HIEERL TS (Fig. 5)o SHLBROL{LDOBELE

159

RNTH BT D, 2007 EEIC I D HE B R bR
DOFRICE, YEERICBIZLEEDLERE, DFb0 |
014, 28067, 30N EHNBE L L,
NUCE - T, Table 7ICRT & B 2007 FEICHR
NERENRSEMEOEEZHET LN TE, B
fifFEkdn 7= 0 O bR EY R (Table 6) h 5, £
MO HELREHHEZHTET 5 LWV TES (Table
N ZDFER. BB MIE T 48.09ktCO,. EHEMME
T 11.71 ktCO,, ##EH 5 DEFHH 60 ktCO, TH 3
DICH L, REMIEEE T 97.64 ktCO, &7 D Bk
LD OBMEFEBEOMBRICK > THHEEINT
WA EBDhB, COHEMICIE, EEREEED
MREAFENTHAWVWEZD, EBICEETHIKEZLD
IhREVEEEL SOHHENEDHB I EICERD, L
L. FEDOHMIERD 20 T REEHENHE
IR TIEEIT/NE W (Table 6) 7=, BAREIC S5
BLEEH 0.87 I bR, R EIC 5 B [EEIE 0.62 &/
W (Table 7)s

-

[

08
07 T e
06

So05 |

@

04 b

L

Ro3 |
02 r A L 3 & ar 3
ol e *
00 . . . ,

1992 1997 2002 2007

EE Fiscal year
~@— 18 1st grade =4~ 28} 2nd grade —&— 3#% 3rd grade
Hidl: BREFFF (2009) 70 & Reference source: Forestry Agency (2009) and others
Fig. 5. BAMMEIC BT 2 8EOLEHOZL
Changes in the ratio of each grade of forest road in private
forest

Table 7 BEHEFHER LI B B RARNEE & & TR LpGRHHE &
Fuel consumptions and CO, emissions due to the construction of forest and strip roads

B EL Construction length (km/year)

IR (HEERD) Rk TR
Itemization (Estimated Fuel E: N
value) consumption  CO, emission
1 4 24 34 (ML/year) (ktCO,/year)
Ist 2nd 3rd
grade grade grade
RAE * 5
o Private forest 436 (0.10) 61 292 83 18.5 48.09 (0.31)
Forest road LSRN
%Ia{ggflal forest 123 % (0.03) 451 1171 (0.07)
RATHIFSGH
Strip road in private forest 3,764 = (0.87) 37.6 97.64  (0.62)
#at Total 4,323 * 60.7 1574

BFL gL

BHE T 2007 2D, The values of the construction length are for the year 2007.

= Higl - MR (2009) Reference source: Forestry Agency (2009)

FEIME AR S B LER# %Y, The parenthetic values represent the proportions of each item to the total

value.
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43 5BOTEILRESHLE

T T TSR E O HEED, bR B =
BLREERHET S, K, HE. FEEELHY
BOWELCHIz-> Tk, BB EvoLTENG
kEZboT, Fh, FHINZBHOBKLEDD
BObLDOET B, BRI, BREMOME O EH
HeEHLNTWEEOD, ZOM EBRERRIET
HBID, BEOEWZER L ZBLRESEHES
WETHELET S,

HEDDITIE, SHOBREHEORR BN HE
5B, BIRTE, BHEMENDRENFREMD
EREZHE. KEHRIEENECHR Y (B, 2007)
oo, S, BHEEREZERT RO, 1 FfE
DHBRIEEERZBR DL TV ZENHZ EBbR
b, LML, Fig. 5 TRLEEBD. 1| BAREDOLEE
FENIOHMEVWDEATHERELTWVS, ThbDT
EEBBELT, SBBRINZSIMEOLERICOV
T UTFRRT SDOOVFVAERBET R L ELE
(Fig. 6) ETIZ, FrHBEOEENEE KT 1 bk
WOhBERLCEZDEEL, £9. 1 fkED
HRERRD1SEL LT, ZOESZITRTIHD
BRMSBATRES (YFUF D), £, BEHZ2
We 3mMhoEFCHITIHE (YT UL 2), i,
BHELBIRMEROLRLTREHEE (YT UL 3), &
i, 1 EBEROESE LT, BODE2HE 3K
KHSICBINT 288 (Y FVA 4. £, BADE
RT3 MIERICEINT 256 (YT V4 5) THB,
HEBIEDTHR SN BBEALD BT
(Table 3), BT VUADRITICE>THFEINSHE
JARE, YFHUABEOEICEIEBZEDEEDN
Do

CNHDYFUAZRBETBZLICK-> T, BEMK
MOBEO @ LR EHES Table SO L BOHEET B
TENTED, EHEMKE, fFEEICDVLTER, #E
LicFUFiehhbsd, BEEROTS DB
REFHBE—ETH D, YRV FVF 1 DL EOY
HENELZ., ¥ FVA S TRAEED, YFUA 3
B2 & E 19.74MICO, I LT, FNFN0.65
MtCO, D, 0.63 MtCO, Dk & x> fz, B - EHEM
ZEDEIHEDN LOPHEBLNZ L DEEELHDTH
D, BEMKEI»I S DHRENEE VR EZ VTV
A S5SOBETEMEN S OPHBOLEN0.68 &
STV,

B - MEREARFTE T, MEXA T ICHIE
CERHBMOTERELEREED T, COFHILH
Feo T, BBURI00ERERTHRHOAZLE LT
Wb, T, BMEBHEOEEENRBE/E 100 £/ &
LT, CoHBloEMEtleEEZRbB T35, ¥
HEEICWT 2RER (Table 1, 2) % 100 [ TEK
THROOEMMRER. BREMNK - BEMKKEDZFN

FNH 800km. #500km, TEZEHEHH 2,400km & 7%
D, BEQEMBERE LR THRETEVTNEIER
K, FRBETRRDRVEL 5D, HETEIRE
DEMBEREL KEEEL TV ERD, Bk
M B EHICHEOHRENDBE—EREMLT
WE, 100 EMTRERBNHREND LT %, FHH
REE Fig. 70X KHB L. 100 £ROFMMRE
W& BA MAGE T 1,138km, BB HHE T 876km & 7% %
Fig. 1 b chbDEIZFNEN 1998 4, 1983 4F
CRBEOKETHD NN D, BERRICIEEED
FE-TEEEDP LTV ET B L. BRREDFEMAR
13 1,051km &% % (Fig. 7)o TOXIRHEBICTK >
THMEREZIT- & EOEMPEHEZ Fig. 8 IR
T, FREOHRBEELRITILEOD, HED
FRENEINT 5, BFFOEMEPE I EINGE
MzRL. 100 FEHOPMEE. T UA 1 T2458
ktCO,/ . ¥ F VU 5T 227.4ktCO,/ F &2 %, 2007
EEOHHE 157.4 ktCO,/ 4 (Table 7) WIS EE MAE
HEOENGEN TRV DICHERIERICIZES
T, T D DI, 2007 EEED 1.56 ~ 1.44 5
iK%,

o
=3

EE3R Ratio

o
~

<414 Scenario
W 1§% 1st grade P2 28Rk 2nd grade 0 38R 3rd grade

WS EAOBRCAHR LIERLRNWI ENH D,
Some of the total values do not add up to 1.00 because of the rounding error.
Fig. 6. %3V AT B B BRI LR
Ratios in three grades of forest road construction for five
scenarios

5. Bbblc

MEB L CEREOBER T D ZB{LREDEH
BOBEHET>Tt, T—R TV Y UERHFRTEZNA
TV FROBERBHOBLICEHRERBICA->TED.
WD FRICEEMOBEIC S T REEHEDE
b dscedb+HEALNS, L L, KIS
TRTOLS BHEMERICE 2RER 2RSS,
BEORRTHBELELEDEZROT VS TzH, &
D fEilid, BESNAHLHEO LBMEE LTEZ S
TENTES, UL, BHEKSREEMEZENRT S
HiZE, WIROBBXZ 1.5 BOEMPHENEES

B BB F 9% 4 2, 2010]
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Requisite road constructed length per year to achieve the
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Table 8 HARERL D7 O DEENEE R & "R R E

240
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160

CO2HEH & CO2 emission (ktCOz/year)

140 I 1 1 1 1 4 | 1 1 \ |
0 10 20 30 40 50 60 70 80 90 100
ZBEE Elapsed years

2 F1)7 Scenario
2 ee3 g — .5

—1

Fig. 8. BiSSMERE 22N 5 DO ZURBEHER R

Estimated requisite CO, emission for the achievement of
the target road density

[

Requisite fuel consumptions and CO, emissions for the achievement of the target road density

ORI HHR TEBbRERAL
Fuel consumption (GL) CO, emission (MtCO,)
241 A Scenario 1) # Scenario
1 2 3 4 5 1 2 3 4 5
JEREE N
. N 3.62 3.38 3.37 3.17 3.13 9.388 9.280 8.739 8.212 8.109
EZSE] Private forest
Forest road [ESESE
. 1.85 4,792
National forest
. 2.39 6.210
Strip road
. 20.39 20.28 19.74 19.21 19.11
&t Total 7.86 7.82 7.61 7.41 7.37
(0.70) (0.69) (0.69) (0.68) (0.68)

TR 5 DU IO RS,

The parenthetic values represent the proportions of the forest road value to the total value.

N, BN O ORAMNEH P T TE&OEEZ &5
SHROBEEZMMEEERZIES 5, THIC. HEIHE
HEUTEL, MEYOREERES, #IHT 5 ERE
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TOWE ($AK, 2001) Tk, HETE. BEHEEIC
FoTHHEN S THARREIRED 2 HLIT T,
SEILL LI MAHEh 2 A EOBERRETHHEN
BERAENTVS, Lo T, BHEERICERT 5
BIE TR LR AR R R TR U e EOEE
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