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

Hidenori SUZUKI"Y", Masaru OKA", Hirokazu YAMAGUCHI" and Masaki JINKAWA"

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.
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B fERMEFHCBO TR, RN SHRE. [
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WCBOTHRLEEHRNMERINBD ., BHOBE D
DIV F—ZHE L, _BbREZPFH LTV S,
TOXI EEMOMHEEEEDm EZT TR, &
2UEPHHAEBRBOBE SIS LR EREDTHD,
Rk s 2o B HidH 0L BbNns, DED,
MEEE IR SIS K > THRMRO B WIRIAEZ R 5 72
BHITIE, BEEOBEIC X 3 ZBIbREZEOH L ET S
NEVEWNZ 3, &Ko T, BHREMMDMHETEICHEL
TEOREDO _BIELRENFHI N, £5%IEHT
NZRAHTHZNZHOMNMCT BT X, HHRICEH
U 2 W& 2 W IS A S 2 720 T <. RO
BUR MM, B L DR 7 1 EE R E
BHEZRBTEICDENE, BEOMERICK 2 it
REFHEOEHIZINETICEWLI DTN TE
D, —Z=5 (2007) X FEBERMRIEZEICHT 28K
HEEEEBICGHHIL, £, HiFEAN 5 EKETD
MEMFXCBI 2T X)VF—F AR ZBILREDH
BET V= MERMERDTNS (— =5, 2008;
ZH5 , 2008),

TN LOMEEEIRIDOEIZAMEL TV
DITIE. B & [FIRFIC B REN EE 2 72 0, FRE,
VESEE 75 & 2 iR G B 12 B 55 B HE 0D B2 i S S I
HoNBEDEEDbNSE, LML, TOXSEEMD
FIRICEWVWTHERBEM A ENFH SN, “BLRE
N ENZ T &b, BMEEMBREICK) S 8
fLIRFZOHHEX., TNE THE[MDEL, EEL
RANDEE I D D i B 2 R F S AT L&
FBEAEHRLENTWVWEY, £ TR TIE. EAIK
BUaMEBICIEXEOMRTHICH T % _BLxR
FZHHERZEHL, £/, FRICHE LK B B
DEHOHHELD LY THET S L LTS, &5
S, TEBILREHFHEB OSSR EALRE
EO, SHROBMBIHEIHOEZ T2 1RT

2. BRHAPHAR RO HER & i H R
2.1 #E

A WRAE O #7 R B R B & 1977 48 £ DL 30 4E [
D#FEFE (HREFFF, 2009 72 &) TRTH 3 & (Fig. 1),
1987 FEE T AR ELAEANSEMOFMRE
742,000 ~ 2,500km ORI THBELTWSEDD, Th
DB EE—-BE L CRMEmE m-> T\ %, 2005 F&
DI 500km F2EE E T L. 2007 I & 436km
Elxole, TN, 1977 HEELURICBIT 5 E— T
(1981 fEfED 2,466km) DK 18% TH 5,

A MR (FREFFT , 2009 75 £ ) Tl& 1977 H 5L
E—E L CMEm 77z E > T3 (Fig. 1) A% 2003
FEELRBIEOREMICE T TV 5, 2007 EFDOHR
BIZE—278 (1977 £/E D 1,237km) D) 10% TH %

123km & 75> TW5,

8 O B HAE X, 2006 4F ISR E & NI ARbK - R
REEAFHEORPTEDELENT VS, BiFDEZ %R
TEHR (FREFF, 2006) IC KB &, BREEK, &l
HEK, KREMOEIEEZ A T T LICEE LR
DREZEDTHO., BDEGKMEMOEZE LT,
BT & (E2EE % H D1 7 B2 A3 50m/
ha, KAAEMTIEBEEROMEFD 50 FIT)H U TIE
BEREHETHZLEELTVS, BEBHEELTES
WKHLLATHD L, ERMRTIEINEZOMZZT M
WEHEOBEEMERNTIS U T 22 ~ 25m/ha, EEEEE
22 ~25m/ha, BEF DM E 44 ~ 50m/ha 7z 5%
E L. REMTIIMESEREZ 17.5m/ha, (F¥EiE%
REIIISCTEET 2T & & L, At E L RK
17.5m/ha & LT3, T DRMEZBRELHRKERED S
He2E MEDEFE LWIEEIX26.1 Tkm, 2 D5 B,
ERAEMD 16.7 77 km, EHMA 9.4 77 km ( HAMRE
£,2008) &7 %, Table 1 liRd &0, BT
Elx., HEMICHLTZENZEFNH 8 I km, 5 /7 km
FTRELTWS,
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Fig. 1.t - EEE DR &
Constructed lengths of forest and strip roads

2.2 fE¥E

RENRICB T B EEEOH AR E (ME)T, 2009
% &) & Fig. 11TRd, MetDF 5 N7z 1987 LI
THTHB L, KL ABERMEMZRLTNEED
D, ¥— 7 # (1990 4 D 4,409km) & D H T,
I 00 1 ] b A D 0D 2005 4E T B ¥ — & B 0D 9 43%
Lo THD. METRERONTIEEDEEABRE
Ve 2006 4F FE I Al AE LK 125%. 2007 4F 1 [
157% &, TETEHEREN2BUCE ML TE TV 5,
COHAHE LT, X MEBDIZDICRNEIFREY
AT IS S U 7 M B R O B A ( BREFFT , 2006) 7S
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Table | F&HEE (DB & HAR
Present and target value of road network development
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JEE Length(km) &R Z Road density(m/ha)
THifE Area
(1,000ha) B % T i Hi
Present value Target value Deficit value Present value  Target value
e}
?L d 17411 * 87,931 * 167,000 * 79,069 5.1 9.6
EAMK orest roa R
Private forest e
fran 98,127 * 56
Strip road
*
&bk e 7,587
il 43,668 * 94,000 * 50,332 5.8 12.4

National forest ~ Forest road

MIED S B HFEHEDED I RT, Only the values corresponding to the motorway are considered in the case of forest road.
AR M TATE 797288 <o Only the forest areas within the jurisdiction of the Forestry Agency have been considered.

* L FAEFT (2009) Reference source: Forestry Agency (2009)

Table2  {E3EEDOF i H IR
Target values of strip road development

HEBIER

T * EATRR A E RSt & . &
: Estimated .
Area Target density Target length resent lenoth Deficit length
(1,000ha) (m/ha) (km) P £ (km)
(km)

——
PR Managed forest 13,400 ** 235 314,900

b/
KIRLEHK Natural forest 11,700 ** 56 kak 65.940
&t Total
fraf Tota 25,100 ** 15.2 380,840 141,462 239,378
* Hi%fi, Desired value.

= Hilll : SREF (2009) Reference source: Forestry Agency (2009)
ok PLIRMER ERE U B aBiiR e RIAA TR,

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

HEDHLNTWVB &, EFEOMIERFEMOR L (
BT, 2006) 75 EHE Z 5B,

ERU7ceBO. M - MEREARFEICE T B 7FE
EORMEEIZ., B TEHEE 22 ~ 25m/Ma, KR
EMRTREREICIE U8 H & 72> T3, Table 2 1T/R
TEED, AMATIE, BRUMROBRMEZREL L THIH
fET®H % 23.5m/ha, RIXEMTIEI T EHRZITDR
WEARE LT Table 1 IR L7z REMDBIKME 5.6m/
ha & U, HIEFEELEEZKN 38 7 km, E 15.2m/
ha & UTc, EAMIEEEICET 33T — 2N
NTVankedic, B - EBEMZEDEBIROFE
BIEENEOLNRWA, BERICBWTERAMKEF
BEOCFXEHRETHZ LIREL T, GatOHEEHR
EEZK 14 )5 km, BEEICHT 2N ERZK 24 /5
km & U7z,

3. LR RPEIN RO HEE T4
3. BiERARICB T2 T 2L+ E
RO K > T, PHRAAD - e LT
THALRENZ OB THHEND N, LCA DFEIC K
N, arsy— bR EOMEYORE - ik -
fi T« fR5F - B, H5WVIGEOHREIRO DD E
fromie, (R - PRHESEZ SIS fE 5 EHER R EH,
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BHERELTEALONS, LML, #EWk & o
IEEREESS . RSP EBEEOHEIC DOV TIE2E
HiEhBEenTHiEnT eh b, AKFFETIRER
WDOBAEE D H 72 B bRBPFFHONR LT 5,
BAEY LHIC B 2R EMOMEHERER., T TR
O, FEREXEMHICE>THRES, LTTEICDN
Tk, PaEMB X CEEDOEINCE> T2 k3 &
EZHLNBM, () 2EHFEMEAREFRZEH S (1998)
OFfEICEINE, T LREFENEEOHMBEIERL. EBE
DOEINCHE > THWINT %, RETIE. & (FHEER 32
FE) - (A 25 ) - REMERY (1A 17 2 ) 12X LIzIA
—REEEMOFE L TE, DFoyLE, BLE, #
TROGEHMN, A EONET1.0:1.0: 1.2 &,
BRHEMAETRLEZLE>TWV3, TN, B—DDHE
AR ThniE, EEMZIICEZ LI TRERE L
BOLHERTZMN, SHICRICKRD L, FEER EORE
MEzRET eI INEDENEDTS2DT
H5 () 2EHMRLEARERERZ, 1998), —77.
WOREIC L2 ETROEWVIE, 1985 ~ 1987 41T
R ENIREMMKE 1 (& 5.0m), 28 (IBE&
4.0m). 3 %% (K& 3.0m) DL TEROWABELZ 2.0
D 1.5 1.0 (B0, 1996), 1995 ~ 1997 4F[EF i B 7k &
N7 RAMME T, [[@2.1: 1.1: 1.0 (FEF, 1999)
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Lo THEY (INHDLEEENHEREZED T ST H
EZFAN-> THEZ). WINE 3m & SmiEE DK
BILBWT, TTRICBBLIZ2HEOENHZ T N
DB, BENKEERZ L, VT NOMRERR (
BE) IKBWTE L TEOHEMMNHAENE 2D, £D
BOMERRICBI S T TEZ2RODTHANBZEE L
720

THEICDWT, BARE SR 2 H AR L () B
KGR/ IGE « HAMER =, 2008) Tld, v 7
RV KBERLTT (IH) ICBT 2 HLOHEAIFEIA
(BRGBEM  BE) BV T, REEEDNEOI VD -
WEL L RENBOBENER - EABICHE (1
YA LDEETE, (UEEANT Y FAR0.8m’, fEE A
FE180° &Lz ¥ 1 KlbODOTTENENTE
N.39.4m’/h, 27.3 m'h, LEHRICLTBBEZ 1.4:1.0
5%, TOXIHTHDEWCK S LR ED N
BEOHEBEEEGTERE TS,

T TEOMITICH Iz > TiE, 2001 FEFICHREIN
Te 2EOMBEEEIRN S 32 BIRZ M5 & LT (Table 3).
BEMEREERFFN OB R 2 ET, FEEICDN
TIEMETTIEMRRERE (1998) IC K 2AEREZ HW

Table 3 A0 SRAGE DL

Outline of analyzed forest road
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Teo TOFETIE. 1996 FEICHEZR S N7 166 B
DIEMRIERERRZ R E L TH O BHEREAM O ED
13,178 1/ m, iEEOFEED 3.2m DB TH %,
PREMERBE L 72> TW B D, MEFFT (2009) DE KL
RETIE, FEMFEEOMEREL L THAITDIRSN
TWa,

32 BRI OMEIHEIC L _BILREHHE

IR OB kW, EEE 1 B 72 b DR
FHEE R, PORHHERE () BABIEKHZ -
HAMERZ , 2008) hHRDBZENTES, LD
L. BEORFTHFTIMERARBOSHHSRAZREE
TET. BWMOBBEL M ESNRNT NS, HiE
DR TH TR LRI TN % 2RO
B2 (Table 4) ZHHAT A LTz, iz, &
MmMEMELE L CHE LIz 20 —BlbikFzHH 1T,
BRI AR B R A Ak B R E T ERET 2 (2006) O
BRI 5157z (Table 5), BIMORHARITFICK > TH
TOE#FHHZH, ER (BREZREDRTAHEHE
HEARERETE, 2006) . &EH LWV 2004 FOEZ
RALT, B IL OMBtIc X2 —BbREHFHEE
2.594kgCO, & L TLIEDEEZTT > 0

RSERRIAS BRAREL FIMEE Average  THIHEEE (T /m)
Forest road Sample formation width Average cost
standards Number (m) (10*yen/m)
1 #% 1st grade 10 5.1 247
2 #% 2nd grade 10 4.0 209
3 #% 3rd grade 12 3.0 116

Table 4  FHEFRBMOPARHHEL & & MERIE C & DOFIIC X 2 IR EEI &

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

fI4% Specification Fuel

(L/h)

BAERRIC K B RRH B R OFI &

The fuel consumption proportion for each machine

MIE HIAS Forest road standards

consumption

1#% Istgrade 2 #% 2nd grade 3 #% 3rd grade
%

R SNy MR (LD 0.45 10.5 0.00 0.00 0.18
Excavator Bucket capacity (m’) 038 182 * 0.49 0.43 021

» = . * . . .
T F—4 e 11 13.7 0.00 0.00 0.05
Bulldozer Operating weight (t) 15 175 * 0.12 0.09 0.04

N — Ny . * o . B
BT RSy S— 4 73 0.00 0.00 0.45
Dump truck Load capacity (t) 10 123 * 036 047 0.07

T DOMOFEIRIC & 2 RHHE RIS 2 & A TWiaWnTzdh, MEHHEEIGDOEEME 1.00 152V LB 5,
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.

* Hidh  RAARE RS Reference source: Forest road project design documents

B ST 55 9 % 4 =, 2010]
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Table 5 BHDIRTEC & % " LREHHHHE

CO, emission due to diesel oil combustion

BT R B BREEHR I FREX TEtRES =
Calorific value of diesel oil Emission factor of diesel oil CO, emission
(MIJ/L) (tC/TJ) (kgCO,/L)
3777 * 18.73 * 2.594

* HidlL : 2855 (2006) Reference source: Minisrty of the Environment (2006)

4. WP LB
41 BBV DITTIE L _BILRESHLE

FRHT X SR ER AR OD R E T D B 15 72 Ml o BT EE B & 72
H+ T &% Table 6, Fig. 219, BE () kb
T TEOHRZ I 2 3HEN29:1.7:1.0L%4%0,
RENTBICKELE>TWVBR Enh B, Tk
OZELERTHS L. HilHD 1995 ~ 1997 4 I %
INTME (KRBT, 1999) O+ TEE LT, 1/
MHIEIC 1.1,1.2,0.8 5 1.2k CTETHEMLTW3,
F 7z, 1985 ~ 1987 FE DO ME (FH, 1996) D - T
= DT, EIC 1.9, 1.3, 1.2 fFicEmL T3,
1999 FEDHLEE (HKEFFT, 1999) I K3 &, BiikE
TIREHROETHESEZER LT - fEREN e 5
NBEICHE>TVBTENERHENTVWS, SEIR
Hr U 7z 2001 4E SRR MR E O - T8 AS, 1985 ~ 1987
FRERDOE D LR THEBKICRSFE T TEOHEM
MWRKELEZS>TWVBDIE, TDEHTHBEEZILN
%

E 51T, Table 4 DRKEHEE R X UHEREEHIC
B DR S HALHEE D 72 0 OMRIE B & 7215
7z (Table 6), TOEE B D0 DL TEND,
BE ILHTZODLTERBZENTES, TOfHE
ZEMOREMMIE TR T 2 & MEFEN TS
FENELE->TWVS, T, FHINSEMOK
XEINWNEL BT & (Table 4), WO 5 - TEHND
VAR N AN (= 377 13 TRy & A R Sl Tui s
THROEFICKBEDEEZOBND, Tz, KKE
BT, TETOWEIEE KB U 7z (FERF R A RO
INTWVB =8, Table 6 DERAMMIEIC IIF 5 BE
HEEZ., M Ro 8 (Fig. 3) I X 2 BN E
BEOBEWERMUZEE VWA S, &, Fig. 3icBW
T IR Ex>TWVASEHER, &E&ET T,
WEL, ML BEL N TWw3807T, -
WEL] s L& ML - et ovndInhicy
HFHEINZELDTH 5,

EAEHICET2 L TEIZ, REMMKEICETZIEE
CETROBGENISROZ T LT B, liHEDEGKIZ
Fig. 4 DX S5m0, LTFOEIFHMEAESNS,

|

y=221x"+1.22x Rz=0.39) (D
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CHEE, y: £TE m/m), x: HE (m) &3 %,
INOWMEMDORMHBFRE p I DWT, Hy: p =0,
H :p+0. BEKIELI% THREETo>TET A, KU
TOEED HyldEANEN, BESHEND S L O
REHT,

t, =|r|Nn—2/V1-r =3.951>£,(0.005=2.750  (2)

TODELE, Hy: REMRF. H, @ SR, ¢ @ BRE
EtE. v HBIRE(=0.585), n: Y TIVEL(=32).
t30(0.005) © HHHE 30 O ¢t il 1% S OE &3 %,
EHMTIEIRE 3.6m OMENZ L K>TWVWS () -
B, 2005) C LA D, COIRBICHT 5L TRE (1)
A oRkDBZ L, 33.0m’m i3, EEN2HKE3
WMOPRZETH R b, BRSO DL
TELFRBCHENAMEICEZ EEZ, 0.90m’/L &K
E L. HAEED 20 OMKEEE &% 36.7L/m & H
L 7z (Table 6),

EEEDO T TRIZOWV T, WE TSR G 2R
(1998) DB RN SH2C ENTE S, T DHE
T, LR LT ETN TV R EEZY T RICH
BTW3ED, UE+EE I’ %2, U8 Im’ LK+
Bim’ icoE L, YLEN, BEErEtEOAFIC
HEILKAEDEDREBCBOTHEMEEZRZEL, £ T8
8.5 m’/m %157 (Fig. 2, Table 6), TEDNR%E KK
B &g d 2 &, YLmD i 2 E GG ERE &k
BETEEFLVY, BLETREEED SN KERE
BRl, BLETEREMEDHTHRELE>TVS,
COMAIZ, RETEFICYLICK> TEHRZ DL -
TWwakdic, Lzt o—EUrE IR
NEVolcx U, FEETIRYIEIHZ =ML T+
N WE Sk l, YLeELomgIic k> THiE%E
D> TWaEHEiEbnsg, TOMEFICBOTH
BNG LR o T FEE O PR AN MIE 3 HRETH
T B, EEEICBIRHEMBESI0 LT EE
ME 3 & [ L 0.85m* /L &E LT, HAHED /-
D DFHEE R % 10.0L/m & Lz (Table 6),

BORHE & & Table 5 T/ B LRFHEEN S
HAIEEEED 72 0 O bR FFHEMNE 51 5 (Table
6) FXEEBICBIZHHEZT L LI ZDEMED
PEH R, 3 bRiE T 2.7, EEMARGE T 3.7, 2 #lubk
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ETA41. 1 METT.1 &7%x%, T L& (Table 6) T Koo DETRICENDD, M EE%1EEL
F.EEE L DN ZENETN2.7,3.9.45.78 L&D, TNRNELEBTHTH S,
B BEDH DA MNNE L HE> T3, TNlE, BHAA

Table 6 - T.5& - PARIHE BB X U (LA S

Earth volumes, fuel consumptions and CO, emissions

+TE PREHHE B HATRELB T LT 5 AR B
Earth volume Fuel consumption Earth volume per unit fuel CO, emission
(m*/m) (L/m) (m*/L) (kgCO,/m)
1%
66.6 (7.8) 70.7 0.94 1834 (7.1)
1st grade
RAMME "
Forest road in ' 38.0 (4.5) 41.0 0.93 106.4  (4.1)
. 2nd grade
private forest
3%
23.0 (2.7) 27.1 0.85 7030 (2.7)
3rd grade
EHMbE
Forest road in national forest 33.0 (3.9) 36.7 0.90 95.11 G.7
RAEMEE
8.5 * (1.0) 10.0  ** 0.85 2598 (1.0

Strip road in private forest

FERIZHEEME, The underlined values are estimeted by the author of this paper.
* L BREF PR R 23R (1998) 28
Reference source: Forestry Agency Silviculture and Protection Division (1998) modified by the author of this paper
=+ TE, HAMESZD L TENSHH, These values are calculated using the earth volume and the earth volume per unit fuel.
FEold A MEFSEDMEIC T % [kZR %2 %9,  The parenthetic values represent the ratios of each item to strip road values.

70 F 1#% 1st grade 2#% 2nd grade

60 [

30

20

10

+ T & Earth volume (m’/m)

TRFE 2BME SHRHE EEES
1st grade 2nd 3rd grade  Strip

forest grade forest road 3%k 3rd grade
road forest road
road B -FE T Sand and sandy soil

B 5L - BB £ Cohesive and rudaceous soil
&+ EF Block and cobbled stone

= O A (D A Soft rock () A

O$& 12 Surplus volume ! 52 (D B Soft rook () B

m & (D) Soft rock (II)

Y]+ & Cutting volume B Bt = Filling volume

L AR T IR (1998) % %4 K Reference source: Forestry Agency -
B % (D Hard rock ()
Silviculture and Protection Division (1998) modified by the author of this paper 2 B 5} SEFEE Not classifiable
Fig. 2. PAH - fFRSHO E L Fig. 3. BRI LE

Earth volumes of forest and strip roads Soil properties of forest road site in a private forest
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42 FR TR bRRBHE
REMMEICE T 2 SHBOMREIEER, FERT
EDBEMMPELMCETNTVSEDD, HRBREIC
BI2HNRIFESHICE> TOVERY, iz, HiEED
5OEEDOZE . FAMKICX2HEMIZFTEL.,
RENOBEBICXZHADEHE D, WIFELED
IEEDOENSHHBEREBZROZEETERLY,
ZIE. 2007 FERDOLERE ZRTFEROM & LT % &
1. 2. 3 & DNEIC, 87km, 193km, 100km /1L T
WB M, TOEE380km X, 2007 EEIC BT B HM
R & 436km X D /NE L, TDFED 56km B EICK
BEINEMHEEETHS LEDND, SEERIIBY
PEGHMEEEDOEZR THS &, KL 15 FMT
. 1T HRREDRREML, 2K ETOREDT S
EHmERL TV (Fig. 5)o HHEROEZILDOEELIE
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RN THBT D, 2007 FEICT T % HHEFIRMKE
DOHRICE, YEFRICBIBZEEDHR, DFD 1
H0.14, 28.0.67. 38019 2HVB T L& LT,
NIC K> T, Table 71”9 &£ FBD 2007 FEICHAZTE
NEREMBSEMEDOIEEZHET H LW TE, H
il 7= 0 O "B LR EH & (Table 6) 5. F
MO BbREFREEZHET 5 LWV TES (Table
To T DR, RAMIE T 48.09ktCO,. EA ME
T 11.71 ktCO,, HEH 5 DHEFHHH 60 ktCO, TH %
DICH L. BEEMIEEETIE 97.64 ktCO, L7420, bk
BXOBEZLOBMEEBEORMRICE > THHINT
WBT ENDh B, TOHEMICIE. EAEKEZEED
RENZTEN TV EWVED, ERIKEISIIZLD
e REEENSDOHHEN 5HZ T LICKkD, L
U, EXE DN IEED 72 b (bR EHEH ED MoE
I EERTIEFIT/NE W (Table 6) 728, BIREZICED
B 0.87 IR, HEHEIC H® % [T 0.62 L/
XU (Table 7)s
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Fig. 5. RAMMIEIC BT 2 EHRED DL
Changes in the ratio of each grade of forest road in private
forest

Table 7 BEHARHAR LHIC 510 B 0FNH B R & e LSRR &

Fuel consumptions and CO, emissions due to the construction of forest and strip roads

BAE%E Construction length (km/year)

AR (HERERE ) PAEHHE & e S
Itemization (Estimated Fuel Pra
value) consumption  CO, emission
1 %% 24 34 (ML/year) (ktCO,/year)
Ist 2nd 3rd
grade grade grade
. griﬁj?:: forest 436 *  (0.10) 61 292 83 18.5 48.09 (0.31)
8
Forest road }
T\.Ieﬁﬁal forest 123 *  (0.03) 451 11.71 (0.07)
RAMIESEE
Strip road in private forest 3,764 * (0.87) 376 9764 (0.62)
&at Total 4,323 * 60.7 1574

BHRREIE 2007 S Dff, The values of the construction length are for the year 2007.

* Hidh : FREFFT (2009) Reference source: Forestry Agency (2009)

FEINE ARHEIC NS 2 th# 239, The parenthetic values represent the proportions of each item to the total

value.
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435SO HILREHHE

C T TIFEMABERED HIEED SRR E NS =
BBLREZBEERHET S, K. HE, FEEL L HEH
BOHTICH 2> TE, BB SH 0 O+ TENT
KEZEDLHT, Tz, HHEINAZEHMORAKELDS
BbDET B, BEICIK, EREMOBE DM EH
HLZEDLNTWEEDD, ZOMH LEEIXRANET
HB1d, BEOHHZER L _BtREHSHESZ
WEIT T LLT B,

HEDTDITIE., SHBDBHASME DB =D T
L%, BURTIE. SIS HE N D fF E A 3R LM O
EmEZHE. REFREENET RV (O, 2007)
e, S, BIHHEZENRKT 5 2HI1IiE, 1 HhE
DOHBREEZEEZF VLTV RBELNS S EEDN
%5, Lh L, Fig. 5TRLIZEBD, 1 HFFEDEE
D ST VOEETHBEL TS, ThbD
EELT, SHBARS NS ZHRMEDLERICON
T, UPERT 5DOOVFUAEZRET ST LELT
(Fig. 6), fETIZ, HiHBOEENRE KZ W 1 bk
BWORERONMCEZDZCEEL, £9. 1 fihEo
HRZHIRD 155 LT, ZDOENZTXRXTIHD
RN SHADTIEE (YFVA 1), £z, EHZ2
®& 3/ BEIFICHDT 2GS (F VA 2). R,
FR e L HRIREROLER LT BHE (Y F VA 3), &
ST, 1 #kZBIROE7E LT, B d2ke 3%
WKHFICRMT 256 (Y FHUA 4., £z, Bbn%
FTARTIJERICENTIESG (Y FVUA5) TH B,
HEBRIWDTINE T LINEL RBEADH BT
(Table 3), BT VUADZRITICK > TTFEIN SR
JALE, YHIUABSDORICELSEEZEDEEDbN
%o

INHOYFIUAZBET R LICK>T. RAEMK
MED LR EHEZ Table 8 D BOHEET 3
TEMTED, HAEMKE. FEEICDODVTIE, BE
Lz FuAiehhbbd, HEGERD DD It
REFHBEI—ETH 2, YRV T VA1 DEEDHE
HEMREZ., YT U5 TRIMEED, Y FUZX3IC
B % EEE 19.74MtCO, I LT, TN F 1 0.65
MtCO, D, 0.63 MtCO, Dk &% o7z, B - EHMK
ZEbElHENSDHHENZ S DEEGZ D TE
b, REMMENSDHFHENRE VLS ESZT T
FSDEFETEMEDSDHHEBDILRA 0.68 &7
STW5,

K MRERAGTE TR, XX AT ICHE
ETBHBMOEBECEREZEDTEO., COFHICH
Teo T, BBLR 100 FEz2ETRHOEZE LT
Wb, £ T T, BEMAEAH O BEERMZ 100 F1H &
LT, COMBOFEMHEZKRDZ LT B, #
fif BRI 3 22 & (Table 1, 2) 7% 100 £/ TEMK
TA5OOFEMMARER. REK - BEMKRENZN

ZNH 800km, #J 500km, {EZEENHY 2,400km & 7%
D, BHEDFERFRE L X THETIEIVITNEIEH
ICEZ L, fEEETRORDRWEL 5%, Ml TR
DEMMRBEERELSFEHELTOSZ D, BEEED
MCT BEDICBEEORRENSBE—EREML T
WE, 100 FHTHREENHERETNZ LT 5, FRHIH
FEIL Fig. 7TOX S ICHERE L, 100 FEZOFERMBARE
\& R MAARIE C 1,138km, [E A MbKIE T 876km & 75 %
Fig. 1 5, ThHDHEIZZNZN 1998 £, 1983 4
CRIBEEDOKETHD NN D, FERICIEEED
HE-TCERDPL TV LTS L, BRREOELBR
813 1,051km & 7% % (Fig. 7)o TDO&K S HHEBICK >
TR 21T - 7z & Z DERHE & % Fig. 8 IZ/R
T, FEEEOMBRRERIEABDPITZEDD, HED
FAREEMNIEINT 5 72, B ar o R HE H &2 18 o
mZzml, 100 FOg M. & F U4 1 T245.8
ktCO,/ %, ¥ F VA 5T 227.4ktCOy/ £ L 5%, 2007
£ DOHEH & 157.4 ktCO,/ 4E (Table 7) I & FEHMIE
EHEOBENETENTVARWVZDICEE T LEICIE R D
TV, TNBEOMEIX. 2007 FEEED 1.56 ~ 1.44 15
IZ7% %,

217 Scenario
W 1§} 1st grade @ 2% 2nd grade O 3#Rk 3rd grade

R AOBBRTAFN LIZRBRNWZ ERH D,

Some of the total values do not add up to 1.00 because of the rounding error.

Fig. 6. &7 1) Hic B0 2 MERHR LR
Ratios in three grades of forest road construction for five
scenarios

5. Bbyic

MBS X CFEEEDRMR THICHE S bR EHEH
BEORHET, TE—REI VI VEMHATZNA
TV RO B EAREICA->TED,
IOV RERITIT I D BB 5 Z B bR Z PN =D E
HicEAT2 e tnELZENS, UL, KR
TR TOX S EHMENICXZMER EEBRETE T,
REORATHB LIz ZDEEZRDOTVWE D, K
oD, MESNHPHED FEEELTERS
TEMTES, LML, MR EEEZZERKT 57
Hick, BIROBELZ 1.5 EOEMPBEHBNEE S

TR BIZEATRIZEMS 55 9 % 4 5, 2010
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Table 8 HAFER D 7cH DIARLIHE & & "W (LRRPHH &

240
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160

CO23EHHE COz emission (ktCOz2/year)

140 1 1 1 1 1 1 1 1 1 ]
0 10 20 30 40 50 60 70 80 90 100

B EH Elapsed years

< F1)7# Scenario
——2 ---.3

—1

Fi

—

g. 8. BB ZER T B I b0 ML REHET I E
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

PR E = e bpE =
Fuel consumption (GL) CO, emission (MtCO,)
>V A Scenario >F 1A Scenario
1 2 3 5 1 2 3 4 5
A
. 3.62 3.58 3.37 3.17 3.13 9.388 9.280 8.739 8.212 8.109
FR3E Private forest
Forest road ESEEPAN
) 1.85 4.792
National forest
(=3t
. 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)

L pRE A B OHE R DR Z £ J

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

N, &M O OFEAMER > T TR OEEZ EN
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Ko THH TN 2 ZHbERERIZLAED 2 HILLH T,
SEIL LEMHHINA ARG EOMEBRETHHEN
LEHAENTVS, o T, BHEHRICERT %K
B B RFEI R, R TR U EO LS

|Bulletin of FFPRI, Vol.9, No.4, 2010

%ﬂ”k&%éz%*ﬂéh S, av U —FRFTRE

KX BWEYOFERZMNZZC &6 BLREHHE
OHIEICKEL HiKT 2 & VWA %, £/, LCADE
ZFICENE., RO HRFICE ) 3 HHE & EEEE
L0, Fov UMY, B2 U EMIERD
MEE IS TEHLLEETERER S, /ML (1997)
&, BEHE DS RE 72 Bk BREE & M BREIC 2T TV B AN,
AT L BR M DO IR AR T BE IR DB TE D E
TEUENELRD VA D, o T, BHEOBIHMNEL
KL T2 eTEHErED, EfTICK28HER



162 SUZUKI, H. et al.

HId 2 C &I EBNGEMREIZEEEICKRD, i,
EMEHZES L TEMBEREZ&ED., FEICK2HH
BZHIKT 5 L IIMFEENFERILEHEEICKD L
WA B, B DB LW IS BIER & .
KERIAMENFENE WD, BEIIR, EME
EMBELEZON LICERAND %, SBOMET L L
T, METIE. BFOREE D & B E TOBREED
WL mB (KKE - MRE, 2007) BEfRE . BEIMRE
M LT AEREHEOMBRZENEZENS, £/EH%
ETIE, iz L 0 D THRIOEREPEIRE
FAERICHE LD L, BEEERZ&m<T5
ERENEZLND, WTNOMFHICEWTE, %5
RBOLFICK> THHAROHFHEZHIRT 52 LN T
X3, INSHIEERICGEM IR MRIEET A DKM
WKEDENZEDTHD, TNETOEIZA MEAD
ETD, R L RFEFHEHIRICE RN TDH S & »
A B

AWHZEE, BMOKEE Oy o7 Mitge THiBRIE IE
(e hY ER PRI E 20T R F 3 52 AT & AR e U 3 s F52 7l
DOBFE] ICBIT ZWERE TR IR D REBEIGL
ETIVOMFE] ORRZMOD LLDEDTH %,

510 Sk

— C=HEE - SWIER - SEEREE (2007) BREBH AR F 3
DI F—iHEE B2 RIFTHRA, B
FET—ZN—2, 118, 314, http://www.jstage.
jst.go.jp/browse/jfsc/118/0/_contents/-char/ja/

— RS AR T - RS - NI - ZZFHSEE -
HEEE Z (2008) MREMFZEICEH T 5 T RV F—
RARE CO, Hti &, BARARMBZE, 59, 277-
208.

RIFERENRA AP EEC T EMRE 2 (2006) “iR
BANRAAFHEFEICHET 2R T
FIVF— - TETO L AR Z|WMEE" http/
www.env.go.jp/earth/ondanka/santeiho/kento/
h1808/11energy.pdf, (ZH 2009-12-25).

/NPRPEF] (1997) ARMRES 8 R 0 51 0l SEE ER )
TR, HAMIERZ , 205p.

MARE « kA ZE— (2005) BHEEARNY R T 7, (B
Y MELARITIVE Y, 1282p.

HAMIE R 2 (2008) RAMKRMKEFHHFRDODH S X L
FRIE SRR , HAMIE R 2, 303p.

() BARIAKIGZ « HAMKERGZ (2008) ALtk
EHE (RETERE ) PR 20 Rk, (1) BA
BIAKIGE - HAMERZ , 1970p.

KAEBE=HE - ARG T (2007) BEKMBIEEEDL D,
PEMZEL R E Kz, 106p.

PREFIT (1999) #KiE D FR AT 1% 0O S I B9 % G A R
&E, MEFIT, 165p.

MEFFT (2006) “BEHEE D& 2 I DWW T" . http://

www.rinya.maff.go.jp/puresu/h18-6gatu/
rinseisin/0627s4.pdf, ( & 2009-12-25).

FREFFT (2009) RAMGEME R DH 5 X L, HEF T
, 281p.

FRES PP MRAR 23R (1998) (K T A b 1 S B8 B i 45 B 2R
EEREE , R TIEMR 2R, 105p.
EECIF I (1996) ILHERRIC 381 2 HhE B8 SREFA & e
FRRICBE 2 WF9% (25 1 ¥ ) — PRoE BRRRATAlfi /<

T A= ZORHE— , MK , 372, 1-110.

RIS (2007) #EDMEZ O ER LR, BRI KSE
, 640, 41-46.

B RFF UL (2001) Fft AT RE 75 AR AKE B 0D 72 85 D FL AR %
T , EAKSEAfrES , 112, 423,

LHER G MIERE - BRI E - — = HF (2008)
HFADE FHRICEZ X TORRAMYEA
YNV R, HMERT —Z X=X, 119, 414,
http://www.jstage.jst.go.jp/browse/jfsc/119/0/ _
contents/-char/ja/

(1) REFAREARERIER S (1998) HiETEE A E L
REAEBEARNE T BRI 2 A et 2, (
1) BEARKREARERERZ , 110.

BMFR BB 55 9 % 4 5, 2010]





