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Synopsis

We propose a method of quantifying the environmental value that is useful for the proper
maintenance and management of artificial tidal flats, as a type of environmental improvement project.
Tidal flats are valuable not only as habitats for many species, but also as places where people interact with
the sea. However, these areas have declined in recent years, so environmental improvement projects to
conserve and restore them are being carried out across Japan.

In this method, a conceptual model of the relationship between each environmental value
and related environmental factor in natural and social systems was created, and the relationships
between environmental values and environmental factors were clarified. The state of the
environmental factors affecting each environmental value was quantified, and the state of those
factors was reflected in the evaluation value of the ecosystem service. Moreover, by this method,
sustainability can be considered by adding the information of the past 5 years. As a result, the method
can identify which environmental factors need to be improved, when we want to increase the
environmental value and sustainability of the tidal flat. The method demonstrates an effective
approach in environmental improvement projects to conserve and restore tidal flats.

In this paper, using this methods and the case of evaluating four tidal flats in Tokyo Bay, we
explain the reasoning and use of environmental protection and restoration such as the score and

sustainability index obtained by this method.

Key Words: tidal flat, environmental improvement project, environmental value, ecosystem services,

sustainability, environmental economics
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1. [XC®IC

ERERT—ERE W) L, 1992 FIChE Sz
EERBI S S [EMSAREICBT 2546 2o ffib
L UREE S, 2015), AERERN O A X 355 FILE -
BADZLTHD. HRRAMLZIT TV BEEZREL,
BREEMVIE ~ D, AWERaoHE, BREORNHOEH
BHEICT 5720, AR - WS ERMEI M2 R
IEV) HINSAEENEZETHD.

ARERY — B A DML, tha & ARER O BEROBHE
SEMIL, ANHMOBBRENAEERY —ERXOMME
WCEDLDICHEEBEE 2 50 EHMEICT S (Millennium
O XD RFNIE, AlfE
AR EERE Y B ACHAAT Z & A ATREICT D
HAr (%) CofifEoZbE RS FBE L L THLET
®» % (Daily, 1997 ; Mooney, 2005). Z2¥7 5, £ O
AR —ERZEAKMPNES O H-o TR, 1FEA
CHBEIZFDOELICH T2 & LTHHIH O %
352 ENRNNHETHY (De Groot &, 2009), < D
AERERY — AN, THEEI 072V IRECAE S ES
SNTWVDT®D, A6 OMEIL H 4 OFHERE Tl
N EN D BENEL, MEEINLIBEESZLHD0D
T3 (Pascual &, 2010). 7=, L DAXITHREY
FTIERBRY - ADMEZZ T TBY, 2ol (&
X)) BRI EBHKRWLLTHD.

ZTOED,” MMED R 2 58” BuEL2D, AR
H— B R DB N EZE S 7z (Costanza B, 1997
Daily, 1997). O FEIZiX, Wiy 72—, B
R T e —F, RARLT T e—FRERDD
(Pascual, 2010). ZH 5O FEE, +oERELLSN
SRR T LY — B ATk LTI A B 70 37Af 23 i 47
TN, FEAEHB LI TV RN —ERIZH LT
1A R 72 FEAM 13 8 L\ (Chan, Satterfield & Goldstein,
2012 ; Cooper &, 2016).

Halpern & (2012) 1%, &EHRE 2851 HEORIE
ERAWNCHHE T 2 Tk & L CHlEPEE 2SR (Ocean
Health Index) Z{2E L7-. ZOTFETIE, BERELY
(54, fkb, Nx~Okkx RBELE LT &
EFRL, FERNLHTCHDEEST T, H20,
RREH 7o ME LS D o TRENLFTMZ s LTWn5
(Halpern &, 2014). MEFEDIRAEIL, HEAEDIRTE L Db
LA bEND. £, Fikt ekl L O
FIEDEIZOWTHEEBET D5 LA THY, IR
LT — 2 OBELBEICTIICKHE TS, MBI A 7 —
IV DEAITKRE LT H IR A G ISk IG T & DR a6 -

Ecosystem Assessment, 2005).

TW 5 (Elfes &, 2014 ; Halpern %, 2015 ; Lowndes b,
2015 ; Seling &, 2015). Z OFIEDOF] AL, BIFEFH
D B ITE Bl LT < WERBE O % 2 i aaqb
LTERTMTEDLZ EICHD. BRI ER T
I, REEOANE, WEORHRIIRIE & EBICEET S
BRI — L LTERS N TV S.

Ly, kxR NFHEENZ M, RERTIEAEY O L
BEOWENEE, WREOEWEZHEERZ L ko
TE72. EMBEEMEL, AR —EADOREBETHY,
EMZERME DR TR AERER Y — B2 DfliEDOE T &
OAFEN DR T A5 & ZF (Worm &, 2006). Z D
MEXEREAZRETH Y, AWM HEMEICEE T 2 EEE
B2 e & LT, YOS E EIENICRE LA
W IR O Rl rTRE 22 R &2 4T 5 72 D DA RS
(Convention on Biological Diversity) 7% 1992 4F|ZFRIR S
NTn5. F£iz, HROL L DBFET, EYo4 B
BRAEmA - RE2TH5HMT, ALoWEH#, TH, &%
BELOY » THEDOERK T TS (PIANC, 2008 ;
IADC, 2017 ; Fredette and Suedel, 2011 ; De Vriend and
Van Koningsveld, 2012). #&EREW I AW L B GE
422 &Ik - T, WIBEICAERY 4B IZiE
HZLlbEZLNTVWD (EAG,2011). Z0F 2RI,
working with nature <> ecosystem-based management & L
THESI N TS (PIANC, 2008).

FETEMOALERLTE T TR AL L OGO
HBELTHERETHY, NIZDEERY—E 2%
BT THLIIEABETLE, IO ORERE
FEL, AVOLBGERIET TR, AERYP—E X
EEDTIHETR&ETHDH. L, ZhboiRiEdkE
FREITERRYT —ERAZB[ET DT L THRmMIT/NS
AT —=NTH DT, RERZEMAr— (2K, H,
MU SE) 136 1T D AERER Y — B A O REAE ORE T3 8R
B HEEOFMICE LTV ARV, £, BREEREEN
RFIEIC R DAERRR Y — A OFEEIE, BRIV AT L
BLOHAET 2T AV 7 LT, TiEEZ L
@RI LT HIDDOARV AT A - v AT
DUTHT D RO AZES Z B TE R, MAT,
N2 72 ERERITZER R BIZ LT LB L TV
7o, FHEATREMEIC DWW THBET HLERHDH. i
LD LD, ROLNDEREUEFEOFMIL, x5
KD EHKRS AT DB LR T AT LOFFEZR B TNT
FHGREME 2 BT 5 2 LN TE L RIETHS.

I ORBICH LT, FEOIE, DA R
DA W T (IMCES : Integrated valuation Method
for Coastal Ecosystem Services) % % L T\ %. IMCES



TARDBFfAE O AL & 2 OFF L/ s - BRILETD - BUETE - PR T - JEORN - AT 7 - R0k

1%, REL ZODERWRFMFENOHER SN T
5 (A-1). =23 EEOREOMEEZ SR 52
& THURPRRE FTREME A RT3 5 TERBEAMAE D 15 s (k1%
B9 —
DI ESM THROLNGREZEEHRET D THERHGA
(CEM : Comparative Evaluation Method) ]| T& %. ESM
TIE, BREOAME % 35 D BRI L OFge T RENE &2 15501
Ko CEHli§%. CEM T, BREL DMl o % o i 1 &
Pl 5. AEETIE, ESMIZOWTHAT 5.

ESM I, MPERERERBOEZ T EX—RZEFEED
NEA%E LRI OSBRI FETH D, 22T M5
BEAmAE ] &0F, #h2FERIIALDBEREN ATV LM
BZzobo L EFRT D, ERERY —E AL, Eosystem
Services X°> Nature's Benefit to People & L T A9 12 s
FoTWHERETH DN, RAFIETIHMT 2K510%, &
FLHHAR (Nature) 7207 Tid/e <, ERTEED I
AETIREREIEME DO N T ESW R b &, £ 2
T, BRUADEE bR ETE DL 51T, TEREEAMmE]
EWOBELHWASZ L L LT, TEREMfE) 1%, 4R
FY—E 2D —E AEFICBRIZT TRIANLY D
Mz TeA A=V ThHD.

ESM TIEfm & BRV AT & -t v 27 L 03 B
FFohTng. Eiz, FfirTRetiieia kw5 2 &1
Ko T, BEMMEORRE rTREVEZ AT 2 Z LN TE 5.
ZOfER, ESM L, dHRETHERTIRLLIOCART

(ESM : Environmental value Scoring Method) |,

T HEAICLE - XRT D2OBDBEHTH L 0ERT
ZLNTED. LEN->TESM IE, TEOREHRES
BEIZBWTHRNRT 7o —F 2Rt N TEDLH
WRFELER->TND.

ERHFE R (No.890) TIE, FiZ ESM D5
WREIZ R EBNTWZ, 22 TARERTIE, FBROR
BEfRAELEE I LT, ESM TE b L7- 1583 LU
ERTREMEFE B DIEIZ ST, BUTEE D 4 > TR L
CREAM L 7= 51 2 VTR

2. A%

AFETIE, ESM OMEICOWTHIT 5. 3EMITE
BAFE £ (No.890) 35 1 1fOkada & (2019) # & L
THZ 72V, ZZTl, ESMOEAEHE, BIXOEKR
WHEE (No.890) 7> B2k B L 7= SCERFE £ (No.890)
TIEHERL TR o LS Z FITR LTV D,

2.1 REMES & TEEOEE

ESM I BRBEAMi i 0 & &AL FiE & L CHlEOIREE B JE
I HUEPEHEA P (Halpern B, 2012) OFz FEIGH L
TW5%. Halpern & (2012) 13RS EE A 5 OTE
HoBLENG, ®EHMLE (RZE, WIHAZE), FMRE
DOFgZ, WEEAEY, AFFHFERERORE (AF, &HF),
BOCK RNV U m— gy, ERORE (REA 7R,

8 O BT PR FTREME 2 M D 7o W BRI, L D BREER Feol7ebs), IRFAATHE, MRERE, Shuviak, &Y
AEE
REAEMIE LI5S0
wxROFE st
(TEEBZ) SIRITE (CVMZ) ¢>
7
4 ) ™
/ BEF—5CEDNTU EE= B i
Dz, #HNFHEL TE
ISE(HE LB |
Iﬁiﬁm@@%ﬁmﬂ LEETIE s
— (ESM) o (CEm)
SRR DB A =
{ﬂﬂrﬂ_@{f‘ﬁé\ﬂf‘] %z R MEEdEETY ~
Al Tl CE
(IMCES) - BERTFOES
. H (IRIARSRBET)
Dt
\ /

-1 R OB

BEAMfiE O #E & IR 15 (IMCES) Offik
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ZHEMEO 0 BEEO T —VIZEOERL TN D.
ESM TiE, T OREE B E L, Rt (TREHiEE ),
BUKFIAH (M- v 27 V=—ary, TEE, T,
Mgz st (8050818, THA OBV,
KEFHE (TRmmbrs), TR, TIRFITE]D),
LWk (T80, TEEM]) OSHE 1L HAOR
FEffE L Uz, 7eds, iR TR0 oBREEM
o H 20, TB TR RGBS IEFIT/NE D o072
72 (MHE5, 2015), WEtsdgss L Tnsd. 51%,
BV AHEE OM O IR AR 21T O BRI, &
ERARBEMIEE L CRMiT 20 ERNH D EBEZ TN D.
BT L BREMEOREZWFEICRBETE, HhoT—
A DANFRFRER S D& BREAMEOHEIE E L CEL
7= (FR-1). 72k, REMER ZOHBEOREILE L
OB THY, KEROREITERIIEE (No.890)
BEL N Okada & (2019) TEEDEEEOLDOTHD.
ARFIEOBRIITFEYY, BRBNE O EF Xk E - ZEN

DT EITHELTHEW.,

TEBHitRa ) 1%, 7YV SoKEFHEL BB L LT
OHAET HMETH Y, KEFAEOBERZFELE L
oo Bt - vV z—ra v TRV EICLYE
LILAMIETHY, BN - L7V =— g AFEZHB
ELIENARBAEREL Lz, THE] IREHEINE
WEVEBONAMETHY, BEREAGFETHEAME Lz
KGER R L Uiz, TR I3FREBNIC X VD
NHMETHY, mXBIUOHMEEOKEHEEE L.
(DD OFER 7285 ) XN DR S A ) F 27 L
flifER L OEL e TH D, - BFEORMEEER
K OVERL IR ED OB TRIE L Lic. TH X OO
IR T L2 0K L7205 2 L THR LN LM
ETHY, BEBZRFHE ORI HREMICE D% KY)
29 Dy & WV o TR S A T TR BV OS5 HR K
PR L Uiz, [BEmERE) 3EWEEIC XL 0 BREY
BIRETHMETHY, ZHHEICK D AMKELTRE L

F -1 ESM EREMMEOSE L) CRHMIJ 2 BB & & OFEiE
PRI AMmAE FE BR2efi] 2 r— )LD EZE HAL
BRI BRI JKEEA F OO & A [ S4B BT g/m’
Y70
Bf-rvr7Vxz—va BX-LvrUV=—T a2 FHAEHE A /m’/year
v B E L AR BALT RS 7
" HE REHZEBEZHME Lk HMEFHE N / year
BRI B SR 72 0
W9t FRSCER L O EOHK AR A FHIE A / year
FEAEP 4 7= 0
D ORER 7Y M REORMEEB L FHEEFHE %% (F 7213 E %)
OVEE S A 15 ) D F Ry / year
ik s 5
H % OO THO O FEEFHE A - 5[ /day
ARG 24 72 0
L AN THHIZK D Ak R[] -5 A g/m’/day
B mAE Y720
KB 1Y) 5 i AN L DAY R g-COD/m’/day
S fire e BT A 72 0
RS EAAEY T X OHEREY AR E g-C/m’
R oD fire 5 [ A HALmEfEYS 7Y
E2E S SRR (v Z4RME) A -S4 i
AR 24 7 0
W A%
A EEMO HEE AR A R FEEL /year
FRA R 2 72 0




T D BREME D15 sk & % DTG/ ) FJih, « Ak L&

U7z, THBWS R 1XAEMIEENC X0 A8 % iR
HAMETH Y, ALY XD AW fE R (COD #E)
B U, TRFEEFHE ) REDEDITHS 28T
TRE T LS OHAT~E B E S WKL & En
LffifEcd v, EAELEYPR L OHEREDH (0- 10 cm)
DRBEEREIRE L L. TS8R 132820/
NERTHZEZOLDIZXT AMETH Y, AT
ERTOZHRERE (y 2 2HEE Lz, [EEMR)
IEEARAEMRENERT D 2L E DS O HlifE T
HY, HWGEEREN T Y — 2 BRI E L EEED
MBS AR & L.

2.2 ZTERRAT—LBELUBERRAT—IL

BB E % 5 E T DO EM A 7 — e o0 TiE, K
EL o7 T —F bbb, —olk, TEEKTHE
SN DBREME L MR ET2T7 77—, $H—>
I, HALEAED B DS BREMGE A FEli S L 5T
Tu—FThdH. ESM TlE, BEAMmED -0 OfE % I
ARITITHNTWS. =720, IS 22359
VIR, BROBRRZ B HE S VICHIET S Z &
REER PRI DWW TIE, TR B 15 51 2 BREEMmAE
AL Lz (R-1). EofEidmiEics L CIERR
JEOBRTH Y (Gotelli & Colwell, 2001), 7>, D
BREZERLT 22 0NRETH L. Lo T, Aot
BB U C, mFE O E AT TSRS R A L.

T BUETE - R T T - PEILRIER - ARIT R - SRR

IO, EMSEREOFTAMICE L CiX, R UE ik
TRBENTT—F 2 ER L, TEBEORE I OE
WIZE DDA T AEMAWS Lz, YOO 7
ZERIE D FET A B OBETH D .

W] A 77— Vi 1 2L L=, =72 L, FREoMiE ik
TR DR ET B 728, FAUTIEER IR - T
W5 (R-1). 7H Y OHBAERROREFEED L5
PR BT & e DI LT, o s L
T L Wi, B - L7 ) =—3 g UIEENT
LD REE L EEMED & O ICERBRENEE L 25
FRENCHR L Qi B & L THEMOARHEE AV .

2.3 BROEEAHE
FHEEIO/BRLIE, KO DLBY, FEHEIOHN
8, LIEARRIE X, OIS LV RET 5.

(1)

BRFEHE x 13, XQoeky, BUROFNE L H1E
DREOETHKILLIZ LD THD.

(2)

ZIT X RSB 2 BUROKRIME, X, . fEHR
BT REOREOETH D (ERIFEE, No.890).

HEXT LA
[] azn A& M 2
B = AOREED) ERBIEDEE ?,g)i;f
&
BRVRAT L Kesmm || K s
OEE = *4
E3
AR = {4
EROREM %ﬁﬁ byl g T
BT D —
p— EHIREE i
BEBIRE . 5 =] O)
EMDYEIE - SEHET [----F-------- A n
W OB ﬁﬂ
e - e . B, —RERE
DEE DEE DEE DEE DEX

X -2

MEpHtss) oft&Ee7 L
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AWFFETIE, SHEEICR LT, #@ESFEOHBEFTIZ 4o
DOTETHLNIRKEE LEOREOME L THREL
7o, ZOMMIEEBET R KO TFRHIMICE DE T,
R ORREZ G 2 BRI TIE, BUROAREREEIC
BUI2HATEORRELE DN EETHD. Liodio
T, SEMOHMORSITEY THDL EB XL b LK
FOED X 912 50 Rl b EREEA S L2 THAKRT
BORIED &5l 2 B2 H1F, % S EROREK
% W7o f BB IR 82 b LivZe v, BRI 1L
T 50 (50 Rl OB EE LY EHEEE T & T

b5
FRIR (IR DI ARKIE K x, p 1ZH(3) TEHRSND.

3,5 =1+ BT, + (1= PR ) x, (3)

CITC, T RECRETS Ly REK 2.4/,
B: ML FiEH L PRIEE (2.6 HiBM) D EARM T,
PR, : B i \ZB17 2 PRIEETH 5.

Halpern 5 (2012) 1%, B =0.67 & LT, M#EMICH
HENAENRE LI L, EHEUESNTZHmED b

x-2 TRBMLE) © PRIEEOBE

P R¥EH BAFRRE D ER P RIGHDIREE 8
B DO H/K DO > 6 mg/L +1.0
AR DRAE BRICEBERENRAE L ke

HZED (K DO <2 mg/L -1.0
AESFEE) Chla > 20 pg/L +1.0
—IRAEFEDHK FENEE T HIRHE AESFH5) Chla < 3 ug/L +0.0
AEEH) Chla =0 pg/L -1.0
HBRENKELS BT DL IREAESL FBRAZELTND +0.5

o et HeRlE, EHILTFERRSLELTWD
BN HARNEZE L TN 05
HHORENFER I N TN +0.5

HE O FWDRAB L OE OB IREE
FORBERHR SN TVD -0.5
I E DB & 72 0 152 05
I (F—EWN) ICHEOBIGIRE 72 R_eEET 2 .

A D BERG IR 5 AEKRTEOTER BN TFET 500
BE IS AE DGR & 72 0 55 %S 0.5
DELE L2 e
R - HEENSHER I TN +0.5

c AR 5V, %
it sy KA AT o T WORPRESICED, A,
e B ATEAHER S TUVARVIEE ;

HE oA REINTEY, *F 05
WRELLN TV W :
B ORI 5 LT OR#ERE N TH 05
) nTn5 '

BEMECKER RSO ZR#ET S
T O R T ) 72D OIEBHEHFIZE RN IT O T BEEOFEICK L COMH#ETEE 2R 1TH ~ 00
5RKE ncTns -
PRFETREN I T LT Zen -0.5
V. B% s - INPREN ~ . HEBoOEHEAFER L TV D +0.5

g b 0 Tk - B HEIC L 2B oHs, B

PI LSO AR 7 SN TV DR RE

FAEOE B i LU e -0.5




T D BREME D15 sk & % DTG/ ) FJih, « Ak L&

LY RE2: 1 OFIGTEHERLTEY, KIFETHLED
BEZFH ST, 12120, RPEBEIRERN LB/
Uy 7 BB LEMTETHDLOT, Z0p OHEIC
WTIEABOBFRETH L.

2.4 FLYUFEBHBOETE

MLy REER T, SEEOBRANMEE S B D %E
E L 0 ESAER UEL FREERN O WT OBz S 5 D
MNE 10D +1.0 DFFE T T2 DO TH L. &
BHUZOWT, BE S FEMOMARKL LG5I ERIE
%, BURFE SR & AR ICEAR A0 2R IE O I X 0 BlAsb L,
e lCxE 3 2 L IEAR O X 2 Hoked 7=, ITil s 5 4R M
DF —=EAPNFELRNTZD b Ly REERORENTE 2
WIBAIZIEE 0 & LT-.

2.5 BMIRETILOERSIUPREHOEE

PR (Pressure & Resilience) 54 PR, 1%, JAWERBEIC
HARBLS, ANBWITHENSBIEICRETHEOELS N
Z-1.0 705 +1.0 OfiH CTEEN T b 0 TH D (Eig
WFERE, No.890). Z ZTiE, TEBHILKE] 261 LTl
T2 (B-2, &-2). IEHLRS) 240 PR FEGH D
L, ERUFEE (No.890) 3 & 18 Okada B (2019)
ZHERBLUTCHEZZW. ZOMEET VL, BEYRED

BUSTE - NET - BELRER - ARIT - SRR

BERZYE LTHERICHEETHD. 2ok, xtgoKikic
Ko THRERFIT@EUICEZ D0 ER D D.

ZZTCRTRER T, KREIICE-T, EORE
(Resilience) (2 224X, A D22 (Pressure) (2H 72 5.
Z DA, Halpern B (2012) 23 W7 Pressure $55 &
Resilience fi%k & 13725, £ 2T, Z Z Tld, Pressure
Fe% & Resilience fa##=#ia L, PR 5% L L7=. PRI,
RIS~ A T ARBEP LS5 % -1.0 25 0.0, 77 A
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R I 25 100 / +18% 21/+13% 14/ +9% 9/+10%
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FAfEA A B35 Z L RS 5. ISR A RE TR AL
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