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Summary

Many environmental restoration technologies for enclosed coastal seas have been developed. The environmental restoration functions of
these technologies are conventionally assessed by field monitoring or ecosystem modeling. On the contrary, the social functions of these
technologies are usually evaluated by some economic analysis methods, such as Contingent Valuation Method (CVM) and Travel Cost
Method (TCM). However, there have been very few assessment methods for both environmental and social functions from the viewpoint of
sustainability. In this paper, the authors perform an inclusive environmental assessment, which is based on Inclusive Impact Index (Triple I)
proposed by The Research Committee on Inclusive Marine Pressure Assessment and Classification Technology (IMPACT Research
Committee) in The Japan Society of Naval Architects and Ocean Engineers, for an artificial lagoon in Kobe Airport island in Osaka Bay.
The assessment method consists of the ecological footprint accounting for the environmental sustainability and the TCM for the social
sustainability. The environmental assessment results show that the artificial lagoon is environmentally sustainable, when the life cycle is
assumed to be more than 9 years. However, the ecological footprint of the fundamental reclamation is much larger than that of the lagoon
construction and the biocapacity of the lagoon ecosystem. The social assessment results demonstrate that more than 35,000 visitors are
required for the socially sustainable system, when the life cycle is assumed to be 50 years.
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Fig. 1 Location and general arrangement of an artificial lagoon in

Kobe Airport island.
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3.1 Ecological Footprint
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Table. 1 Equivalence factors for ecological footprint accounting.”
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3.3 Inclusive Impact Index (Triple I)
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Fig. 2 Seasonal variation of estimated wet weight of seaweed .
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Fig. 3 Seasonal variation of estimated wet weight of sessile
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Fig. 4 Seasonal variation of estimated wet weight of benthos
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Table. 2 Marine production efficiencies for ocean, coastal and

upwelling areas*®.

SNE | REE| BEE

S (B Hkm?) 3320| 266 0.4
—REEHE (t-C/ha/HF) 0.50 1.00 3.00
T REERE 5 3 15
ERERNE 010 | 0.15 0.20
BEEEEME (kg-C/ha/F) 0.0050 | 3.38 268

BC HAMEIZE L Tk, )N TROZREBEEND, £

PEVED & 2 Wik O SE2 0 20— IR AEFERN S Yoo (= 1.03 t-Clha/
. Table. 2 (2R L7 in I & B A O M) 2 v %
i 72 —WRAEPE DS & AU 2 W IRIFE 22 5K 6D | 2 AU D 5%
MR fea (= 0.36 ghavha) 4T 2 Z &1 K- TRATH Y

L7,

BC, = f R )

sea | TL
k YPo

2T, KITAERESER (2 2T, DR ERR s L
TfIEEY - 0.15, JEAEN : 015 SRE) . TL I35
BE(ZZTlE 7707 hrREHEBESL TS Z D
fHEE « 1.5, EABN - 1.5 LIE) ThbH., RBHEET
—WREFEZTHDLDTTL=0 &85,

4.5 AI@RERICHES 2R FB & URHFME

MR LR~ e T U > ZTHED BT A TR
JREARD 2 A R OF —Z PG LR T2 DT, 2 Z T
BUEO N THFECTH D 0 A< S 2R PG (B7E ERE 229 0 %t
FRCHER STV D) OFEHIESBIC 10 M & E Lz,
7B AEM OEAE ~ OB, RN RO E L%
FHF2ZENEEL VDTS 7 L AEFE Bl R
AR RNETATHA I A ETEHDZ LIZL > TRDT,

A LR DRBF AL >V T, 2007 428 A 19 HIZ AL
WHE TR SN BREEEH A b U IR - 2ay—Y
AL BN L Te— i RIC U, iAT8 8 (R~ ax
M) CBT BT v — NREEIT o IR DRI, BAR
B 72 B IR O W T TICR~ 5,

ARy RBINER 120 442 BICx L CULL R 8 THE IR
TLT U= EEHEL, D95 105 4 DORIEE#T-, 7
BT U — MIFEORE L AICEEEZ LTS BV FEREN
TEREIFRLTHD B 2T,

O ANTHFEROREO A
@ [fEEONR
® I



40 H A AR T

N T FE TOAE TR

N T3 & T OHTEREH]

N T E CORTEE M

A X R TpNE LT A O RE A LR

AR SR D L LTt OFM AT R

T U= MERNLEONTZ AR DD & LTEEA
OFMFAMA RS E . 1A LAY 72 0 I B R iRATE H O
BIERIZ DU T Fig. 5 1T d, —MRANITIZ L EE 72 ) OF A
DI NE ER/LERIBNE X A ERT DO EEZ LD

CRSECORCNC)

A EORERD BITE DOBRAZE S Z L ITIREE L HWT L,

B NS E2 T LIk > TLALEYS Y ([C/EE
TRATEFH TCy (H/A-E) ZsRed, FERIFHHME S GE~A
) Q (N[ Z8MNT A Z LT ko TRFMMEAEH LT,

2,500
2000 | .
£
t;ﬁ( 1,500 =
i)
Am 1,000 L] L] L]
=
_'2 [
a a a
[ | I [ ] = l

0o 1 2 3 4 5 6 17
[ 34 P A 2 [ 45 (@)

Fig. 5 Relationship between annual visit demand and travel cost

per person.
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Fig. 6 Estimated CO, emission for lagoon construction, material

transportation and reclamation.

Table. 3 Estimated CO, emissions for direct energy.

— /(—DT%D—9°— 12,400 259 321
TILR—H 3,072 2.72 8.4

it (B 102,400 2.59 265.2

e (FEEY=) 23,520 2.59 60.9

EMEE| JL—f~ER 1,260 2.59 33
A (ERR) 34,272 2.59 88.8

A (REF) 29,376 2.59 76.1

B 55,224 2.59 143.0
cS052axN)L 6,930 2.72 18.8
BYTE| ATy 14,152 2.72 385
TILE—H 11,376 2.72 30.9

B O—F— 1,569 2.72 43

Table. 4 Estimated CO, emissions for indirect energy (machine

production).

IR (£§E>g%£§g§%30%%$f
ERTE /i‘—~>‘:7>cl—5«'— 2.51 478 12.0
TILR—4 0.59 3.94 23
e (ER=) 10.08 478 482
1R (R EI=) 1.51 478 7.2
EMEE| IL—fEmR 3.41 478 16.3
A GER A) 4,69 478 224
H b (BYER) 4.02 478 19.2
B 13.68 478 65.4
rSoAaNIL 3.05 3.94 120
BNTH| AUThovy 1.86 3.94 73
TILE—H 2.13 3.94 8.4
AL A—5— 0.29 3.94 1.1
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Table. 5 Estimated CO, emissions for indirect energy (material

production).

-~ ﬁﬁﬁig ooﬁ;h‘ﬂﬁﬁg{ﬁ CO,HFHiE

(m®) | (kg-CO,/m%) | (t=CO,)
FEIETE|BEALR| 10,000 2.06 206
A +F) | 460,000 2.06 9476
BN TE| B8 (8R)| 9,200 2.35 216
B (HAR) | 11,400 2.35 26.8

Table. 6 Estimated annual production and biocapacity of seaweed,

sessile animal and benthos.

20054
BE | GBS EEBY
RAREE (t-wet) 4.01 5.46 0.02
R&R/IBEE L (-C/t-wet) 0.06 0.10 0.10
P/Bmax 3.0 1.7 1.7
FEHEEE (t-C/F) 0.722 0.928 0.003
BC (gha) 0.252 5.586 0.020
&t (gha) 5.859
20064 &
BE | HESY| EREEY
RKABEE (t-wet) 1.19 1.20 0.50
RER/BEE L (-C/t-wet) 0.06 0.10 0.10
P/Bmax 30 17 1.7
FEHEEE (t-C/HF) 0214 0.204 0.085
BC (gha) 0.075 1.228 0.510
&t (gha) 1.812
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