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Inclusive Environmental Impact Assessment for Construction of Offshore Airport

by Motohiko Murai, Member Akari Yoan,

Summary

Coastal development is supporting improvement of economic activity and convenience for city residents. On the
other hand, the development has brought loss of 90% or more of natural beach line and disappearance of the tideland,
which has purification function in Tokyo-bay. In the recent years, sustainability is one of the important keywords
for the development. In general, the development such as constructing an offshore airport carries both economical
advantage and environmental disadvantage. It is generally very difficult to consider their balances and to judge which
is important. Inclusive Impact Index (Triple I) is proposed by Marine Environmental Committee in JASNAOE. The
index includes environment factor, which is obtained by the method of Ecological Footprint, and economical factor,
which is converted to global hectare. We can objectively discuss the social importance of the development by using
this index. In this research, we obtained the Triple I (III) of construction of an offshore airport and discussed its

social importance from both environment viewpoint and economical viewpoint.
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Table 1 An outline of the expansion construction

of Haneda Airport
Enhanced area

135[hal
Average water depth 15[m]
6000 [105Y en]

Construction cost
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Fig. 1 Concept of Haneda Airport

enhancement"’

Table 2 Equivalence factors for various types of

productive land

FRTmCE B8 E

Area type Actual Equivalence| Total bio- Total acti-
area factors capacity vity-load
[10°ha) [gha/ha] [108 gha) [10%ghal]

Cropland 15 2.10 31.5 -

Pasture 35 0.48 16.8 -

Forest 38 1.37 52.1 -

Built-up 3 2.19 - 6.57

area

Productive 23 0.36 8.28 -

sea area

Total 114 - 114
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Table 3 Necessary steel gross weight, the amount
of emission of C'O2 and EF to the floating

airport runway construction

Area of runway 135[ha]
Total steel gross weight 589[103]
Total steel gross volume 7.50[10%m3)

CO3 emission units of steel | 1.89 [tco, /tSteel]

1.11 X 106 [tco,]

CO2 emission units of pro-
cessing of steel

CO3 absorbed amount by | 5.20 [tco,/ha/y]

forest

1.35 [gha/hal]
2.89 X 10° [gha]

Equivalent factor of forest
Consumed EF[gha]

y:year
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Table 4 Necessary EF and C'O2 emission for trans-

port of the necessary steel
Steel gross weight

5.89 X 10° [t]
2.30 X 103 [km]

Average material convey-
ing distance

CO2 emission unit of the | 4.03 X 107° [tco,/t - km]
transportation by the do-

mestic cargo ship

Total amount of CO2 emis- 5.47 X 10% [tco,)
sion in transportation

Amount of CO2 absorbed
in forest

5.20 [tco2 /ha/y]

1.35 [gha/hal)
1.42 X 10* [gha)

Equivalent factor of forest
Consumed EF

y:year

Table 5 Total CO> emission and EF for the recla-

mation
Necessary volume of sand

for reclamation

2.80 X 107 [m3]

2.79 [t/m3]
7.81 X 107 [t]
5.41 X 1073 [tco, /t]

Specific gravity of the sand
Total weight of the sand
The unit COs emission
amount for quarrying and
producing gravel
Total CO2
amount for quarrying and
producing gravel

emission 4.23 X 10° [tco,]

The displacement by the 3.00 X 10! [km]

truck

The displacement by the 2.00 X 10! [km]
cargo shipping

Discharge of CO2 by the
truck

Discharge of CO2 by the
cargo shipping

Discharge of CO2 by the
transportation

Amount of COs absorbed

in forest

4.21 X 10° [tco,]

6.30 X 10* [tco,)

4.84 X 10° [tco,]

5.20 [tco, /ha/y]

1.35 [gha/hal)
1.10 X 10° [gha)

Equivalent factor of forest

Consumed EF by produc-
tion of the sand

Consumed EF by transport 1.26 X 10° [gha)
of the sand
Consumed EF

reclamation

for the 2.35 X 10° [gha]

y:year
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Fig. 3 Relation between EF for construction of

an offshore airport and sea depth
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Table 6 EF of the runway

e %8

value [unit] | note
The area of the runway 135[ha]
of the offshore airport
EF of the lost sea area 48.6[gha/y] | Productive
by the runway sea area
Negative EF of the cre- | 2.85 X 10% [gha/y] | Built-up
ated artificial runway area
EF of the runway 3.33 X 102 [gha/y]

y:year

Table 7 Comparisons of CO2 emission of trans-
portation per 1 person 1km displacement

among various ways

Means of transportation CO2 emission [gco, /km - p]
Car 173

Bus 51

Airplane 111

Rail way 19

Walking 0

Ship -
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Table 8 EF with increase on airplane flights
CO2 emission by airplane 111[gco, /km - p]
893[km]
991 X 10 2tco, /7]

Average distance per 1 flight

Average CO2 emission by a
airplane

The promising passenger num-
ber of people increased by D

60000[p/d]

runway construction

Increased COs emission with | 2.17 X 10° [tco,/y]
increase on the airplane flights
Amount of COs absorbed in
forest

Equivalent factor of forest

5.2[tco, /ha/y]

1.35[gha/hal
5.64 X 10° [gha/y]

EF with increase on the air-
plane flights

p:person, d:day, y:year, h:hour
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Fig. 4 Change of [gha] by construction of an off-
shore airport
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Table 9 HR (Human risk) with accident at the off-

shore airport

Number of passengers at 180000[p/d]
Haneda Airport per day

The promissing number of pas- 60000[p/d]
sengers at a runway per day

Average staying time at the 1.5[h/p]
Airport

The total number of passenger 90000[p - h/d]

X time per day and the runway

The total number of passenger 3.29 X 107 [p- h/y]
X time per year and the run-
way

FAR of offshore structure
Expectation value of number of
dead in the airport per year

and the runway

0.23[p/108R - p]
7.56 X 102 [p/y]

Dead insured amount per 0.127 [108Y en/p)
Japanese
HR of dead in the airport 9.57 X 1073 [103Yen/y]

p:person, d:day, y:year, h:hour
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Table 10 HR of an airplane accident

Number of visitor at Haneda 1.8 X 10°[p/d]
airport per day

Number of visitor at Haneda 6.0 X 10*[p/d]
airport per day and runway

Average staying time at air- 1.5[h]

port

Total staying time - visitor per | 3.29 X 107 [p- h/y]

year

46.3[p/10%h - p)
15.2 [p/y]

FAR for an airplane

The number of expectations of
the aircraft crash dead per the
year

Average dead insured amount | 1.27 X 107 [Yen/p]
per Japanese

HR of the airplane

1.93[108Y en/y]

p:person, d:day, y:year, h:hour
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Fig. 5 The revenue of the airport improvement

special account in 2007 *
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Ih, ZONHTIAER SRS T2 EPIRZEETOMER 1 Ad
720 DI

22.27(mil.)
251.87(mil.)
M 286 EHEHEETE D, 22T, PIHZEH D ka2t
HT D Z LT L o THERK 286 MO AN RIAD D &&
z25.

4.2.3 #BFEMFE (B-C) OEH

g LZEPEOMRAEL 100 4L LTz & &, RFZFIE (B-
C) ZHM L7, Bl (B-C) ORHFERA Table 1112

3,239 x 10%[yen] x =286 x 10%[yen] (5)

PR E ES

2008 4= 12 H

Table 11  Annual cost of the runway
Total operating costs 6000[10%Y en)
246 [103Yen/y|

Offshore airport construction and
maintenance cost(C)

The income per one runway at | 286 [103Yen/y]
Haneda Airport(B)
Total Economical benefit (B-C)

y:year

40 [10%Y en/y]

=T
INHORERIY, AR —AZEEE L7122 I X DR85%AF]
T 40 B R LRDBILD.

5. 5 L7 ENERICRT 5 B iERIR SR A Tl S
INFETRLIZE DG, 2SO 7 & OWREZERFFIRC

BRLUCIE, EBRBEmA D ORLSE L COBRBEAROACRE D

OBE L LCORRSTET T, —HREHEc 20 b Th 5.

ZIT, B ERAOmIN &2 ORI D LB B B,

5.1 RUZILTA4 III) &lF

A THO D FEE 11 (Inclusive Impact Index, Triple-I)
13, 2006 LR AASMMEE T2 IMPACT #IEZRERICE -
TEORANRE SN2 LOBRERERMiEE 1O ©b
L. IMIIFRO XS ICEKB LSS,

Z EFRegion

111, = (EF, ER
» = (EF, +aBERy) + ZGDPRegion

(HRP + CP - BP)
(6)

ZITC, EFiFmanddiv- 7y h7U b (Ecological Foot-
print), ER IZ4REY 27 (Ecological Risk), HR iZ=A M
BN AMY A2 (Human Risk) , C = A k, BII<x
74w ML, ol ER & HHEICHET A58, 250
p 1N TRV 2 NEBRL D, F72, EF TOFMBEC
{ie oy, FHIE [1Tp 2VD 7T EBEEARTAVINS <, Rtk
FHCHTZ > TUFATHDENLE LN EDBZFND, BEINF]
WP LTRSS ERDEICAfiE £ 55512, C-B &L T
FHILCD. B SN TTT, 13, 4% ey =7 haSEhiL
T E L HEM LIah o T 607 THh S TR 11 27/ LT
% ZOREERGD LT, BB R A G R
LT ENTREE 2D,

AWFFUTINTIE, P TOW 28R L) T ey =7 b
WZDWTHER TIT 232 b0 & L, SfdmZeiHifEsalcs

AU AT rTREZZBIFE L Il 2 b D &35, FT-, 2&113?
SETHEIL TV D7 By = 7 SN EASEORERO— 2 Th 5 )
B, LTIV TIRATO p 1FEET 5.

5.2 kUTLT74 (III) OEH

ZhETIIESN EF, HR, C-B OfZRALT I %
KD, 22T, ¥ EFRegion/E GDPregion (\Z2WTIE,
A TIXENOREE T 0 =7 F&HH 720, HAD EF
L HARD GDP #Mv 7z, 2006 FECTOMETIE £ EFgegion/
Y GDPregion = 1.61 X 107° [gha/Yen] TH-o7=. £7-,
AFFRIZEBNTT ER IZBE LW L35, TONRE
Table 1212777

F72 I IZB LT, Table 12 OFEFEOHCHERUGIZRET %
IHH % Table 13/, 22T, AFERINEZZRLTWA.
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Table 12 Estimation of III

EF for construction of floating air-
port

3.03 X 10° [gha]

EF for construction of reclamation
airport

2.35 X 10° [gha]

Lost of EF of productive sea area
by installing the offshore airport

3.33 X 102 [gha/y]

EF of built-up area at the offshore

5.64 X 10° [gha/y]

airport
HR 1.94 [103Y en/y]
C-B —40.8 [108Yen/y]
HR+C-B —38.9 [108Yen/y)
EFjapan 7.47 X 108 [gha]
GDPjapan 4.65 X 10° [10%Yen]
EFjapan/ GDPjapan 1.61 X 107 [gha/y]
EFperperson japanese 5.94 [gha/p]
POPUZationJapan 1.257 x 108 [p]
—6.26 X 103[gha/y]
LPyapan (g4 o B)
GDPJapan

A TIII (Case 1) include CO2 emis-
sion by airplanes

5.58 X 10° [gha/y]

A TII (Case 2) without CO2 emis-
sion by airplanes

—5.93 X 103 [gha/y]

p:person, y:year

Table 13 Itemizeing comparisons of A IIT

Include C O3 emis- | Without COs
sion by airplanes | emission by air-
(Case 1) planes (Case
2)

A EF[gha/y] 5.64 X 10° 3.33 X 102

A ER[gha/y] - -

A HR[gha/y] 3.11 x 102 3.11 X 102

A (C-B)[gha/y] —6.57 x 103 —6.57 x 103

A TTI[gha/y] 5.58 X 10° —5.93 X 103

IheHbE, IZERENSD COy OYEHEHRIRD A BRET
BiD EF[gha] 2MUOBEFRICHAT 2~3 Hik& <, ko
RERESELALTODZEWG0D. Thbb, oo
COs YEHEHIINGY 2 22 E S COs PEHEE LTH
B L7z Case 1 DA, A Il OfEITREL 7T AR, =
DFHICIEME 22k ORI IR N ATREZRBRTE T 2 & S
L2 kITheD. DFEY, MZEEARET I L ORBEARRHED
WCREL, ZOFFE T R ATREMEDSER Y 37 /e &Il C
5.

FIT, MZHED CO2 HEHIZ X% EF OISOV TIE,
HED D DN DIREIN R AT H 2 L &2 F 2 5. Mizet
MHD CO2 BT gha (ZOWTEREICHEE T 5 &

Z GDP'region

5.64 X 10°[gh.
[gha/y] x S~ EFregion

= 3,507 x 10°[Yen/y]

(7)
L%, BIZIE, ZOSFEEFERORNME N BTERIRIME
AT OBEEEZ RIS 5 2 L0SHBRS. $70bb, ENZEHE
ETORMEN ZOGFEHFAET 5 L30T, Zoeme
BUROFI I #E 25,187 5 NITPIHTEER — AN L 25
BHNBHORIAS 2,227 T NER LI N TR 22 L L7y,

111 [gha]

1,280 A,/ AOEFFENEH SN, B ITBUROMZEESOLeHE
HEHBHC - CZoefE T2 2 81005, HDWIIBIE
THEETHZEE2EZLH0THIUL, ER—-AHZY 3,100 [,/
FOEMETHZ LIl D.

WFHUZ LT, ZHOBHENRKENVE L THENZRTE
TROGEITIE, W RZEE ARG TRE s & L CIET A I2EE
Uitk & ST Z &2 b,

—77, LROAHEAEHSNZHELIZbOL L, HZ#nbo
C O HEHESINGY 2558 U= WHERFIH O 11T O EE 2 7=
&% Case 2 &1 5. Table 130 Case 2 D& E A5 L, %
RS BRBE AT OR oy % |, h—2 LD A TIT Tlid~A
FATHERT, AERI & U aiE R A A I8 DT RO &
L5 TH D LR D Z LIRS,

Z OFHeerTREZeBE & L CHIBHISR 2 JLiABDH % Case 2 D
BEITHOWT OV ERRERRI L S Jigkt o TIT 1

IIT = HEBER O afRIEIE At 5300 I11+ A T1I X Year (8)

L%, AW T OO TFERIBRET A0 11T I 3EERICIE
9 EF ITHYS 5. £0Zfb% Fig.6i1o~d. Fig.6TY Y2
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tion of the offshore airport in Case 2

Fig. 6

TSR TR Z G- 2 D EEIBREE AT 0 111 &, 77 7OffE
DA SN2 2 L1 X TIT OFERIGE A TIT 257 LT
W5.

Thaehbl, FHAROEETHERE 51 FREND, ST
TITIEOEAT 40 HELES I B~A T AR TWDH 2 &
DGYIND. DT &I ZEE DR, 1R 2SO HERIBOF]
JHZREIC & 0 RN BRI ATRE 72 ELFEAIBRBE AT/ 0D 40~50 {0
AR R A HIEREREE D DRI D 5 2 & TRV Lo TnH Z &
ERL TS, ZOEANE, SR E 2 - B AR Al A )
40~50 EENNTTEHE L, ZOHIE h— /L& L CafEEREA
TF 2960 5 98 & AN ISR B O TR rTREZRBRYE L b5 = & 2
K5, Sz UL

BRI OBRETATTYO 11T < — A TTT x ifAFEs  (9)

DD SLS TOUS, FRETREZRBITE Th & LT 5 Z &I
2%, LIiio T, MEEDS 20~30 (E& 45 L, FmITidm
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FRER AT 2 IR D F I 5 A%, BRI 5% /- ihER
BE A 2T TR DICE B2 WIRR TH D Z L2 b,
Fre R aThereBiss &5 Z Lo D,

L ZAT, LROEOEHO 5 BIEEZER OF HEEOZ
EMAERE D & BB VAR - APESIIER) (2o TR &
T B RIS AEROEREZ V. UL, 29 LRk
DV EA~DBFIIE DB OB D72 D BN 6 B L5 2
Bhd . 22T, ARECHZA 111=-5.93 X 10%[gha/y]
RV, TEERERICEE D BRIHEIA~ ORI L SR
WTHRRTET - 72,

B DUHEDN THEMAFEN O S HUHE) o THEMAE O
AWK 12 o 72 L uE, 1ha 720 @ EF OEH)
3% Table 2 LY 0.36[gha/ha] &72%. BURTRII S
A TII=-5.93 X 10*[gha/y] % 0.36[gha/ha] TEID L, #—
16,500ha %155, ZIUL, B EZEROBE IV EREE ET
OB NBIE, 16,500ha OEWAERE D& HUEEAZAIH LT~
LOLEUENDD EELD T ENHERDLA, WIS, AW
TITERE L COZRUWEEREN LA 5 16,500ha LA O
B, MWEROBEIH Y THEMAEN OB HWEE D [TAEwAE
PESIDE M) (TR UT3AITIT A TIT ASEE 720, 4R
TR C O EEEREE AR > TO BB Ll s, Hikt
BO7RBR%E & fIl S D IREMEAMIES 705 Z L HERT D, Bk
IZ 16,500ha [ZEATED 17.6 %, ¥ 728w 120 Fomfk
AN 5.

%72, 16,500ha (CEHT & HERBOPETEEREZ K -T2 L
SEND ERIBEREANA L 22U A 111 232053720 0 13iE35<
Z Ay, FERL U CERIHC S T AR BRI AR DRI
REEADNY , FEEEPTRE/RBHTE CIIME< 72D LI X5 mTREM:
BoDHZLEBRLTND, A%, AR TIIEBSIL 2N
HEEEAERERD ER (o UhNY 27) SOV Tii U AE
1203, FRROBLE AR E X CERERORTE - FHlRSR &3 DU
e EERETT D Z RNk b e EZBND.

6. fEh

ARFGE I B2k OyEE T TV & U 28l BER 2B
LT III OB S X O BB B M 21T o 7. £ Dk
&, LTFOMAES-.
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MZeRIC LD CO2 PEREAZBRITIE, AR TR Ik
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N=LTNB T LMD,
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728 2 A, 111 OFERINEZ A TIT 134 L 72 0 AFEABREE AT
NS B ATREME 80 D = L VDo T, — TR
FWZ IIT L, A TII O 40~50 FENTARE LTWA Z &
D, i FZEEOBEH AR rT§E7 e ERIBREE AT OR)
40~50 Fo A HERDORIfED 752 L THD - THY,
MRS E DFERLL EThHIUS, Fscrlie/eficdhd &
R CE .
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