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ENVIRONMENTAL INDICES

— Basic Notlon and Formation —

Abstract

As the environmental concerns in Japan bave shifted gradually from the specific
and local pollution episodes to more complicated and regional ones, it has become
increasingly important to implement comprehensive assessment of environmental
quality as quantitatively as possible. This is one of the reasons that recent interest in
developing a proper system of environmental indices has been explored in a number
of local public agencies as well as the national government. The importance of
environmental indices (EI), however, has neither been well recognized by public
administrators and experts nor by the public at large in Japan.

Therefore, the present report is mainly concerned with i) identifing the basic
concept and the role of EI in the environmental policy and administration, and ii)
organizing the precedure of formulating specific index upon a user’s request.

This report consists of five chapiers, Following the introductory remarks, “What
is the EI and how effective they can be” are first described in Chapter 1. In Chapter
2, based on a thorough review of the relevant environmental indices, a2 method to
systematize a wide varety of indices is proposed and studied. Chapter 3 discusses the
utility of the environmental indices. and their potential application. Also basic
characteristics of indices are identified for the purpose of various utilization. Chapter
4 presents a basic procedure to construct specific index together with issues relevant
to each stage. Finally, in Chapter 5, a description is made on the information system
to support formulating indices. Data processing and storage, communication system,
and presentation method are the key words in this Chapter.

The indices dealt with in this study are of great variety in local, regional and
national scope. They also diverse in their intrinsic characteristics from the state of air
or water pollution to the comprehensiveness of urban amenity.

The study reported herein has been undertaken as the preliminary phase of
Special Research Project entitled “A Comprehensive Study on the Development of
Indices System for Urban and Suburban Environmental Quality”,
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A4 KEOXGBMEETHEASEER (0t 1978)

Variablesa No. of
City/County Classification Descriptor
CO NO, OX TSP COH S0, vis PS Categories

Anaheim,CT 30,8 L ® ® 3
Los Angelss,CA 30,3 ® @ ® 3
San Francisco,CA 4D,C ® & ° ® 8
Denver,CO 2B,C L ® 5
New Havan, CT 3B.8 ® e o 5
washington, DC 58,8 ¢ o O e © 7
Jacksonvill, FL BCLC e @ & & o o None
Miami, FL 5C4C ¢ & O o ® 5
Tampa, FL 5A,A e o O e o g
Atlanta, GA 3C,C ® ® ] None
Chicago, IL a0,B ® ® ® o 4
Louisville, KY 5C4E e o o o ° 4
Baltimore, MD 58,8 e @& ° ® o 8
Montgomery Co,MD  5B,8 ® o ° e o 7
Detrolt, MI 18,C ® 5
St. Paul, MN 3A8 ® ® ® 4
Albany, NY 3DWA ® [ ® 3
Buffalo, NY 3DA ® o ] 3
Mineola, NY 3DA @ ® o 3
New York City, NY EDA ® O © o o 4
Rechester, NY 3044 [ ] ® O 3
Akron, OH _ 58,8 o ¢ & o o ® 12
Cinginnati, OH 58,8 e O O o o 12
Cleveland, CH 58,8 ¢ & & o ® 12
Dayton, OH 58,8 e & O 0 ® 12
Toledo, OH 58,8 * & o o o 12
Portland, OR [ise: @ 5
Philadetonia, PA 488 ) o o o 5
FPittsburgh, 1A 2C4B ® ® 8
Chattanooga, TN 104C ® 4
Memphis, TM 1AC ® 4
Nashville, TN 1C4C e 4
Dallas, TX 2C4B ® L 4
Fairfax Co.VA 58,8 ® o @ ¢ o 7
Seattle, WA 28,8 ® ® 3
Total 26 16 20 1 22 28 1 1

80X, photochemical oxidants,COH, coefficient of haze; TSP, tctal suspended particu-
lates; Vs, visibility:PS, particle scattering(integrating nephelometer).



+4.5 KFBENDNKEEERRER (Ott, 1978)

Public Incustrial Agricultural Aquatic Life and Recreation
Water Supply Water Supply Water Supply Wildlife Maintenance and Aesthetics
Coliform Bacterla  Processing Farmstead Temperature Recreation
Turbidlty (except foods) (same &s for 0 Califorms
public supniy) .
Color PH pH , Turbidity
Taste-Odor Turbicity l(' hoied Akalnity/Acdty  Color
similar to that for
Trace Metals Color public Supply} Cissoived Solids oH
Dissolved Soligs  1araness Irrigation - Salinity Oaor
Trace Crgenics  Alkalnity/Adidlty  Dissolved Solids Carben Dicxide Floating Materials
Chiorices Uissolved Solids  Speciflc Conductance  Turbidity Settleable Materidls
Fluorices Suspended Sollds  gocium Color Nutrients
Sulfates Trace Metais Caigium Settlsabie Materials  Temperature
Nitrates Trace Organics  pagnesium Flogting Materials  Aesthetios
Cyenides Cocling Potassium Tainting Substances  Turbldity
Radicactlvity p Baron Toxlc Substances  Color
Temperature Chlorides NUtHents Cdor
Silica Trace Metals Floating Materlals
Auminum Settieable Materials
Iron Nutrients
Mangenese Temperature
Hardness

Alkatnity /Acidity
Suifates
Dissolved Solids
Suspended Sollds

Sanitary
(same as for
public suppiy)

Substances Acversely
Affecting Wiidife
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®7 T o9 EECFSBEEFHEEBER (Canter & Hil, 1879)

Account

Environmental
Quality
Account

Category

—-
Terrestricl

Aquatic

Subcategory

Populations

Habitot /Land Use

Land Quality/
Soil Erosion

Critical Community
Relatienships

3]

opulations

Habitats

Water Quality

Water Quantity

Critical Community
Relationships

Quality

Air

Climatelogy
Noise

Esthetics

Variable

Crops

Nciural Vegetqtlon
Herbivorous Mammals
Carnivorous Mammals
Uptand Game Birds
Predatory Birds

Bottomland Forest {1}
Upland Forest {2)

Opan {nonforest) Londs (3)
Drawdown Zone

Lond Use

[Sail Erosion

Soil Chemistry
Mineral Extroction
| Species Diversity
Naturgl Vegetation
Wetland Vegetation
Zooplankton
Phytoplankton
Sport Fish
Commercia! Fisheries
Intertidal Orgonisms
Benthos/Epibenthos
Waterfowl

Streom (4)
Frashwater Loke (5)
River Swamp (&)
Nonrlver Swomp (7}

pR

Turbidity

Suspended Solids

Water Temperture

Dissolved Oxygen
Blochemical Oxygen Demoand
Dissolved Solids

Inorganic Nitrogen
Inorganic Phosphate
Salinity

Iron and Manganese

Toxic Substances
Pesticides

Fecal Coliforms

Stream’ Assimilative Capacity

Stream Flow Vorlation
Basin Hydrologic Loss
§pecias Diversity

Carbon Monoxide
Hydrocarbons
Oxides of Nlirogen
Particulates

—_— e 1 Diffusion Factor

Noisa

e

Width and Alignment

Varietv within Vegetotion
Type .

Animals —Domestic

Native Fauna

Appearance of Water

Hurmnan interface

S

Historical

Archeological

Odor and Fleating
Materiols )
Odor and Visual Quafity

Sound

Historical laternal and
_External Packages

[Arch eological Internak and

| _Externa! Packages
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iz DV 22D L ADRKEORERRET SO KERS AOTE -2 DR TRL
mhand, e OBERREROEEI L > THA RS0, ZREI I TR—IRIEE LR
T2,

RAEE S L 0TI ¥ Thhid, ZOo—RKEBETTHARBE LH v, BELBUNIH
FraoemTEehil, FOEENETHRE TRy, BTTHARE T8y, rFHfEiTs 21
TED, FHBRAEABRBAIGTT, SRR AFMEToTLR Y,

Lal, AFEED EOFHE T <, EROEMERE 2 LD THREWNICEHE T 258 S
SBERIMINLETH S, EIEES L OFERIERFEE S LOppmes, Ty, A—
RV, BEA RBEATTHEEARTED, WEE Lhbe T L 20BSET I o i idtmE
HwESLTRER s B, INAEHEL A S DEETHECRE L TCRELT TS
Bo TCTWLHRELEFHEREDZ L TH 5, RE (scaling) 13E¥1{b (normalization) %
WL (indexing) 3 Sbhhide, I TRIEENLI{FELHRZRELERVS,

o k3 i ASEEEOFE T L, ENMFHERE TL Ry, BEFMO LI
WiEE L 2RECH N2 ERNTFERE T RE R o2, LI2REREILDHE{OR
BEMIHOBMCE VT, BUETHC L2 EMHRERERNREO T L (EHEERD S &
VS EEMNM L D ThAT S (Hobbs & Voelker, 1977 ; Elliot, 1981), &M 2T oo
WEIOTMERED : D ACBCERSLETHE, TI T, ReFEokoORNEQRDRE
IS DWW T AT ISR A TE <,

(2) RE:-EsL

HAHWEAHBTALEONEICE, TN LOLLEEMNZ L0 TR REESH S,
Steevens (1951) (&, “ &%, £ERE (nominal scale), EFRE (ordinal scale), FHER
B (interval scale), HFERE (ratio scale ) OTHEIZHEL 7.

FERERIAR-VYEFOEBBOLICEFETRENTOTH, HFEOR/NMIBERN L <
EBAEOHEIPHALENLE L O TH S, ARESAKSREEELHEL T2 0TA0I0
By, ABRETHD, ZOHSOHERAMEOLOOFZTER e, IHFREOHICEE—
AOWEEPLHOBIEFSEAS 5, @IILEEOKEREEROEETE, BRI LR
SYeNEnE, TALEFRETSHS, EERER IO ) IR LCER T3 LDTS
AUHEOEFCANBELRT LOTH L, JOBESRABERELELY, BEOINNIERE
o, Linl, RIAOERCEERS L, IBFRETR1IE3I0ER 1L 20ED 2HELER



LTwabidCidinis,

I DEREREJHFREICTRERNARETH Y ZALBARNZ GbE 5 2 & (I
BE)HTE R, HERRENNMBETEs 20 I LHERATHS, REBELKBLEZNFNR
Vi, "B K TRLEBEEEL LS, TAENRL, AaEl, Dk TR, TR, DFS
SIZAPEHTER Y, FRBRBERENLETHL, 2, HFRENMBETELVWILLE
Bilbwd, MEAFITH=Z20Hb 0% B LEBEEELTAL I, T XRERKOLDMNS
3, 2, 1, OFEFEYTAE RNES ZEFsRE I 0oRERA T Lw), Z08BE, 2
BEHL3BEHOSHHE2+H1=3TIBHEZF L (%3, LdL, BFERETI=26D0OMO
HEXEZRINTOLROLOERS, IO EPBEDIDRIEREL 2w, Zo0fERfFRICL -
T, ZOOEIBESLIDRECHN3 D I35, chiarl, HBRE, HBEREEY
ThiAESbL2ERWRNETHY, IFHESTEETH 2, HBRERBEPEROEBED &
JCHKEOHBSEREES, CAPFL LI EREOESEL LI L3 EKRT 2, H#E 10 %
ENFEOEL,NELNEOZRIAFRLIETOTHD, ThASNELL I L EBREENEL
WIZEEERL TS, 250, BRIFIFERXRIVEOIFBOZBIERTLOTHEVI LR
AHorshTdY, HREETEEEIZE®RSEL2G, HBREZRAD L Segsh s,

X=au+hb {1)

IITuRRETRLEOHZOUETHY, XPREETHZ, XL v b v i FE
DFNDDH D, TOILHHESNEELFLL 0,

HESEREROREMNLEZERETEZ, BEOCHSIZIIHETRENIEBRE L > T3,
HHBIERS, HI3 Lo PHEFHAROIERETE S, wihb REFEOZSNHEIER
and, HATFRE, WRTOM 0 R ER 2,

X=au (2)

hrs, HEREIMBREO—2THL I b,

MIRREE, LR : b IIE TR ERORETH 0, BROEIEELaRT 32 L
PHTLOTHB, COROBEORAHEEORER QWb THE Z ENLETHS, &
LEE L VLORERETH B, BHHOBERS L L bEBRETANIERE Y, 202 ki
BEEY, TRAECEBELERTRRESNLY, BECHEE LT HAERATHE I LR
NITEBTE5TH55, Livl, "HHERRERROH" LIEFRETERRLTYH, 2R0EhE
SHO#FN: TRABIEWRS L, HERETAEREEL IR A 4w,

bk, pRToRet (HEMERL) 0Ro0BEAWE, HE i 0EIAEE i 0BAOME
Brus EESERS - pInEEs 00T, BERETRThRER 2y, C0&ELED
TEETHZY, BEROGNTVAESHLEIASNE,



(3) REA(LOTI*%

REORER, RELLTOXDPTEZZO8BETIEEbN S, — 2 PHERCHBERER
EDLICHIBENIIHEOEL YRR Y LTEY, Jhtol o TRELT240DT
HhH, HE, ERSBFLREITE, COBTHHERBRERELTZIESN S, 0L I RRELE

FHE -

variables

R

primary index

{eg. BOD ppm)

(eg BOD ppm./iad-yr)

'

farl (B L) 5 o1t
R A
¥y ~ NE
iy value fn X, = X Xi
ft o
L
TERI$EEE - 5 - X, [eg. DO/REFIDO]
sub-index indicator
oo o
W——I —— p—
- ¢ R ) bt
1§
" #BEE (mER%ERD H % it & Kk #H * it
A B ORT | Blazo x=F (X, %)
it FEOER | RXIIEH BEETEIT B £k
J HEBERDB B
BafsE R (BROHEH (2 a2
aggregated env. quality combined representative
index profile indicators index
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Frio “fREUL” LtRRL, Behizbod “EE LEBTIOMNEMTHES EBbhE, IO
BRMRRETHS, o8I0tk HENEREL, Thh, FAEEHREOLEH L B2
HOEOT, HAEOMEEL L TFEL D TRy, Uizl THEOERSED THS
fEL5E, EROBFRSE L, 0k, EROoREEZETICEEROBELHILTTET
B2 H#F (environmental profile) (KL ETH L, F277 L, BB I L 0 FHSES AL
THHEELLLOEMELLH 452 (Sinden & Warell, 1979),

—H, FHAMES S — KBRS OMERECRE L TREET2 288805, Ch?
TR lERER EFRL, CoLSL TR L0 VEBFEHE 55 unage 5
{fifE” =#72, Thiz NN LHELE, BRI ATVI0T, EROEELBE{TS
ZENAEETH S,

Btz —EDFHE AEOEE2 T L0 OREA4.7TTH S, 20 EHILEL L 5H
D& OHEMROWE TELRWTIL v Ea—Lthses, R ERME S 2R L BEL
bOTHEH, IAHEHRE X2 TG FFHNMOBRSLETHA I,

4.4.2 BEILORE - BRLERIZEZREL

BEE O RE b WROBEE, EEOMEECBEEAFICE0Z BT 400, I
Wiz k5 REL, Tabb, BETHE, LEDEEROERIFEH TRV OT, BFES
LT, ZOBHEESELILSBENE Yy, JOMEMIE L, B—EEEE I YL TO-ES:
VI, Zofgkibiziy, HUER S HE S TN T 2 R TR T A L BB S OB TRT A
BEDH D,

D HHERS L X S IR B ERER

FERFlE e Bk &, BERSFROFOE QM 100 & L 2BRIEH TR,
LA E Rz v L 2, FREEL TEEREOME 100 & LS SERTEd. 2
ni3—#ickATRans,

_X
S

R X100 (1

O TX A, XA A i M o) B R
@ EHEA (S8, Standard Score)
FROEESERCENTED S, (DR TREEOSEOIING & 2 B ET = 20
oRROLIKREORBIZLEZbO LA RE,

(X;X)a+ﬁ (2)

I I TX GRFRME 20T, sixREERE, (o, £ OEIE (10, 500 & (20, 100) &
PERETH D,

58.=



HMTES TS EESOES i, BEATEYEX2AVRL0LH D,

. SXg EXE=X)s
=756+ 9 %5

Eh, (2)ADERLH 3,

_ X
X+2 o

Ss. (3)

BHEESARTREMOZVWARELL I ICTEIRAESHE L, UL, BEC L > Tl
EROLIOEBEOENAERRVWLOL DL, TOLIREEEYA FRAEFELELS, 204
FREEOFIEEOF SRR S X5 C2iZRD LIk b,

_ (X=X
="y
[+

3.5 +4 (4)

et TR AFTERE, BECTLZ, BRRIELETHLOBRESLHST
EZ5ThHEH, AKEHEEPEHR T2 L0 L - BB EBCRERUMNRE L -TEY, FRFR
DEHROBE® TS L 2233 E 20 0BE0IZTER Y, F2 IYWNEHO L > 282 YT
BIERTENTHS, IRy L7 OUBRECETHLL L2 DATF v 7 A0HER
5 & Evw (Huff, SARER, 1968),

Lil, s —EofiEEs 22 L7, BECHE (BEeia) T, EHoTY
Eirt+ 2 faE AW TREILH b H 2 (Sinden & Warrell, 1979),

(] ; A AERAE B2 8EE]

FERibERic & S REARYMEROFCREINS L9 S, BEEEOHBEC L {Thas
FETH 2, #O—F L L TREHEEDREATH 5Quality of life# R HEiFE R B0 EOM T
HEKLVRA TR DEESN TS, Zh e OiSIRIEI DT, N & 2 ke
OREFLRTH 2R LOT 0ok THSBIERN AEERE (8, @5, 1978). OfFRE»s
A5EEA48OL ST, BT TEHEERSTANEERICS < 21 Bk (62%) @& 5, —
F, hOEH TRERS EOREPRETF S0 X5, HERFREPLET LD ORI,
U AERFR L D BRSO F - AT LI L D ERBANEETE Aok
HEBLhZ, MhCREBESFRNERT L LDRRZBRAMERELOFEO—-DTH D, ZhiZ
Ra Xy wfnttew L2 REbinz b Tw o, MERBELOVLEIOHETHLEYE
HREGHEFEHSTHELALOATERD TG0,



o SR Gav T
O PLERT (94 7

1. 2. 3. 4. 5 ITOEE
I # & 2 P

o L 4 & e

F1 ot hiY 3 i

EE %ﬂ ey

BJ4.8 AEEBROBHESI (RE, 1880

4.4.3 HERELDDE

AMohOEEELFHAL T, MERECERT 5TEL ZDICRI IS,

O BESE

BLEFESHEREEOFENERSETH L2, THCBREETF LV /723 —0EELL 3
Bt SN ELTH D (Drenovski, 1974), FL/ 7R F—ii b 2 TIEE OEREKELZD
OERLS2ELS, FERBAYTTOA, £4EOR/NSEAKRERTME, RELLAKELRY
FETHL, ZhdIEicHind > BRAKE (MEfEdE 3EMROFTROONE, FL
J7AF—OEMTCHEMEMEIROLL, METI100 & L7z, M4.90L3 0B EMADM
REMARCERS, FAoEstzE, MEa»s FAOMERRCEEFcEERSh 545, F
AORHBEIFRCERDEALE L, FL/7AF-RBEDHATFERYERLLE 200 25
Al
FL/7A%5—0O0EREEO L I RERGLERNRETIBEILETHLY, BHNET
HOBRRLETME : FAQO T DRELINEF L LT, RO 2B IR (F
E, 1972), TATREBLERAS ME) tEIERS (FR) O 2BEIRFEMIR~OF L7
FABEILVHEEL, RADFHOELEE L 7,

T2 TXy Xei3MA, FAOEfREidE




sHibiE
200

t00

BREEHE

®4.9 ML /TR X —D3BEQRC I DAL

Tl BBISEEE T & 5 2EHe i)
BEFMoooBE S0 ERRO R, BEEROBSEICL3TFETH 2, Z0HEITE
HHETLRLBESECATHIEA0 QL IR D,

|l ————
=% I
51: I
& |
it '
|
0 4 PRI ok
B4 41 i

X410 RBEEODESEC SO

M 4.10 THHEER, 058E, 1MARESTT T4, BEEEL FOBRWEIE T FEEY,
0, BESEERBTEVR L 25, BENEC IR0l CAT y YHROBRE &
5, BEHEAFOSATOIBEIEEICDLTE, FlEV, £RXD2ETHME LTHML 0
£D ATy TEEOHE L S,

@ ({ERE = v 2 77
DOERESES LD —HL L 2 A S MEEES 2 3 THERKERV 2 HETH S, I
R — BB X 2 5 2 OMEEBERF K L - T, HAMEEEVEEBRTZLOTHS,
Vi=F (X))



< CT{ERI MO FARI @ T b D TR 2 BRHEC IERIHRO L I o v onEr s
NBH, RIS IEIERBICR 2 5, Ott (1978) 13, EMSECE BrEmic il L7188, WO 4
BEsIondEL TS,

(1) #FB% (Linear Function)

(2) B KAHSHE (Segmented Linear Function)

(3) FEHMBEH (Nonlinear Function)

(4) B -#EREOERSE (Segmented Nonlinear Function)

(B0 4.11 B8])

LinlL, 36 C—BMNICRIOLIEREIERZ QMY TR, X EV.OHELTE
R oRERE Kb ESLH D (H4.12)

(1) wmizpEy (2} #hig EHeBME
v v
X X
(3) dEsfpagy (4) @RerpEoRA
A vV
X

54411 (DIERRKDEROF

Vi Vi=t{X;)

l.O’— ____________

¢
£4.12 HEBBOSZ A




I OMEMBITREER T S EET TOREREICH 3 MHEREK (value function) & H%E
DLOTHB, 1270, BE, MHERKIEFHREKLLELN I3 CIEFRELLTSZ
5hz (R, 1980), BELEARELZ S LD -OMERTRETES Z 8 LS &ML
FHMBREC A - Twa, T EOEMESMSELNL L2 S Th S, (Keeney & Raiffa, 1976, pp.
66-130), %A BEEEATY 3 HHEE (EKHEHHER L L ELN ) BTEET TOERIE
KAWSNELOTHE0S, BETTORE AN LT 2REBREOREMCRES 2L,

COBBFEOREC I EIEESC LD S ORNADERSLETH S, BEERMEOCTR
D—E AR, BEORE EATFHED 2 b 1S § SHEOHERARE L T2, |

(MR X B RO NE™E £ b, VEICBEER Y~V ERsha, XEOM
FOTHALEEBEC-EOEEANICHS L CERSAVEOEIREN 0, BAM 1 4ERT
BEIEHRSND, TOLHIEX, VEMOKBEOBESHESLTY 2700, HHERKE BN
D737 TRETDILNTE S, XBOEBOEE IS TEETH S, SR, 55
BEBEZTRA SR, CARIOBESIEEHT2 L, AUXIHT 2 Volsks SBELT
LESDLTHE, JOHGRTHESEDL S HHEFEKOBE, HCEETH, XOEHR
AR, HIBPEOEDICh LT —EL 25 I a8 iNns, Z0L I LEENE XD
ZEEAE S, CORBICHT A MERE (0~ 1 OF) I EFEL w225, Lol,
ERCRE 2 5 N EERAHEOEP AN TORKIC L D > 2 EBEMHE 25 221 <,
N XOEENAEROARE 22, ZOBFTOEFICHT 2MHERE (0~1 0@ &, B
WS TH 2 (M4.13), bFhce &, BEEENOES 2 KD HBE, JOLBREEEL TS
mrdi Sk,
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ERBURSIHESCBEE (BRIFD, 1982)
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I al L
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s OB I E R T ORI b O EMRO FENHRc L nED SR
B, ZOFz, MERZ DV TOMBLERGNETH 5, HPIROEBUEMN I & 2 ABERAR D
—oOREFERRERNOAETE 2 5T b, Keeney and Raiffa {1976) ¢ & ©FHEH
WMARSENTHAHY, HMRERIROLBEYTHL, £7, XOEHREZRET 5, AL 0 OffEREK
FARETIUE, XOF/ME (X)) IWHIGT 2 VIl 0, BAME (X)) KXiET 2 Vilissl &5,
I ZDXDOEBROAXWT, Xo~XnDEL & Xu~X OB OMEAEL <258 (fifEs
H) ERD B, XulIHIGT 5 VIEE 05 £33, RICHEERIC L TXe & Xu DOffifliH 5 X0 %KD,
V=0.25 2L, Xyt X, OffifPEX, s 2R, V=0.75 & 2, KA MESSE2 KD T
VE, BYUZETIASDMEREE 2D S %R TR IEEESB R,

(1 MfEEENC & 5 EFHE ~ A 7 4, Environmental Evaluation System (EES}]

il % R L 2z 9HAO A2 ATH O Battelle Columbustf R OEESTH 4, 2 ORETHE
VAT AGKEHEBEDL LI T2 EXAFK S LD T, BEfl*EHL TEeohTws, A
AEEIE SERBOBEBEYRL TsY, REBTRAER, BREGR, S5, ANBREED 4
AFCHIT AR TWE, JOTICTORERERSSD, 20z TORTREICE 78 OEEE
(EESTWRBE/ 7 A7 LT 3)085 5, Zhe T8 OENBIEEL AT LI DL U IEMEMSRE
a7z, Battellewr t 2 {HEEAHKO—F#H4.14 KT T,

[ : Canter and Hill iZ & 2 RS 818)]

BattelleEESIY # DROBEEETFMFEORRIC Vb snkBEE 21, oL, Jiidk
BHEAFKOLHHER AN LOTHE 0, MOEBMICEZOEIHRATEZWELIBENS
oit, AEREEGTATE TS D, BB mEERHEY %NS AARFEZCHLITAS L
foad, fEMEBEgEFcHEES AR s anot,

Canter L Hillid 25 OKRENO B TITHNLBET A A v FOERE 2B 2T, EHOM
HEFOER LT, TOREEFHTALLTE EHE (Canter & Hill, 1979), {Eo 13 RIEHEY
B D—MHIRIERER L LT IRBOREBE - 2T b0 2E 2 2, LB TR, Tk
B, "R&TL, TARBEE, © 45880, FOTFCI9OAEEEED, BTEICR 189 OIS
WE Lok, LipL, 7S OAFITRHEE 2R UER, BEMNI 15 0/ 8T, 362 0ERE
EHEE SN (Canter & HIlSRRACRE L, ({Bi#EELE S 2 nENEEREX 4.7 8R), BE
& N7 EEBE S BattelleDlEBE A T O £ 2 FhH T 3 L OH% 0, Battelle4 THFE
NI AR L BE S N T3, MERgo SASE L3 B L2 T2 0B RN % b
DTHY, TALSF R INETREFRR AR o, Linl, BTIC% - TEMN R (Kreiser,
1982) HHE T L AERIF (1983) # & CMIERIER 5 < Y OB sk s e,
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Bl4.14  BattellebAZEDIRIEEDE AT LI2 B SEEREEDE)
(Dee, N. et al, 1972)

4.4.4 BERESHORE

(1) {ifESEHETORL S . : :

RELOHEDS b, MK £ 5 003 RERED @ELHHEN, SHficERanhig
ABCBEATES, Lvl, TOMMEEICL > TR L b OB AFmEcERT2 L
HTEA G, Jiidd b EEEECRINER D, ABEOMERETAZ L TRV AL,
Thbd, BARTID 2O LBOMBERE~NDERNES LTHRETH L,



LI A, MERELEE TRREONRRTH S, LROBFICAS Lo, HEgESET
BEEAERS TRBEBELD, s 20RMZHEI Licd v, 2o, HEESHRIMmER
OEEEE L TEREBSETL IR TETH, KEDHEAEPRT LAY 2z ik
EEThH5, BEtoro i iERER+*BUCEEL ChEHVL I EFERRLIREETH
5, L L, Canter t HIIOEHEIC 42 & 5 COEMKORRE G $ ZRRRECHY, Xoe
CEHETLAKA (1983) Fu 200#HRBRLNBLDHLE» DT, SBBH T &
RS T &,

(2) FEWAROER

A% & 2 FIHE i, W & - CRaE W2 BEOKEOHE B+ 2 METH 2,
COMEREY EEEE » T "EENST 2 £ L CEMROEHC L - TR b
Dy E T-BERDFEAUHE L L LTBEER2RELZTNIE R 6B b 01 LITARE
13,

R A1 oLeEPEFEECHET 2HELAERHEB O ~HRAETH 2. 00FB 2L T
i, HREHCET 2HEOERPELATFWEMAEH L L THEE I hTwE, 20
D EHB e Do TEH ELES TR0, FESMBLELINOSOERZ L TOWEERS
Ehiln, SHRECCHSHENMREOERSLETH S,

(3) EHEOFEL

HiFRT, FEEEEO S 5 MERORBIFIRH) L REttEE 3 —iE R o 88 7
EV, 528 0DTHD, COFHBEFHNCBELLZTLE RS v, i XOR—0
KREEHLTVOELSBEH 5D L2 TRERBV={ D oBRBERETERnrseT
Hr, BEOXOECHL, ZRICk 5%1&{@Vbi~%®ﬁﬁ$5}?ﬁk;ft5 LiREan3(X4.15),

V. F———————— FHEDX LT 3 VEDNH

L

&4.15 FRIZKSFHHEDD™




BEOCXWIH TS VOBOBMFEEVESRWIZ L0, MEMETH S,

S TORED S BAFIFHME@V, 30k D BENCBONE 2 EWRENT B, AR TDH
BTRBAETCL A HbR2 5 BT L2 VEESHAEC L YR, 24 ABEDEHRD
EEE L e DIEERNC RS s RS, 1980), T bk EEHEN CRIEOEREDRS *
Matz el s, #4120 L5, BHTHRLBRESTS L, ChIESHEOBEICIEE
EICBMNELNRENELLZ e TEE LD EEZONE, EGHB I L RIENEENL Z
LT AT AL HESTEENEABTCETIERTLREN TS, FIAEEZESDR
54 Fic & A RROFMERN T, BEE 0 ~10 AR DT L Tw 08, A—EHEE
) ThhiITHEE AR b > T o BRI EBREOEHDOESESHEH I EMEL IR T
3 (EE - WEE, 1984),

z=4.12 REDBEIC BT BHFEC S SEHMEOHER (FRIZ D, 1982)

. 2D Fg1 DS
2 B2 X-XE R P X-XE
% %, DEE X% Xz DIGIE
wor 1. HIBOEEH 413 413 .00 .75 413 —0.28
2. BEEEIOESY 4.00 4.00 0.00 416 4.00 0.18
f-— 3. BERAR 2.67 2.6 0.06 3.20 2.64 0.58*
4, BEIZLSTRNE 2.67 2.61 0.08 2.72 2.64 0.08
5. ECODIZBIFIEM 4.04 3.70 0.34 4.20 3.87 0.33
St 8. SIS BN 393 328 -013 3.92 319 0,73
7. EEEEOLENHE 2.71 2.09 0.62* 3.2 2.40 0.81*
8. PRBEOSIH 5.67 3.30 0.38 4.00 3.49 0.51%
— 9. &‘%J_:(D:{E. FZV 2.67 2.96 —-0.29 2.96 2.81 0.15
10. 7711 53— 3.04 3.00 0.04 3.12 3.02 0.10
1. T™MGES 2.54 252 0.02 2.04 2.53 - 0.49*
B g 3.50 3.48 002 3.48 3.48 -00

"I%ER TOS%ER CWRER
GEy ZHd24A, 2E2(d23A, FRUFBADER, FHEFE1 S FENEESD.

4.5 Bait (HEMOSEHL)

451 BENEZTS

(1) BEFHEOLERE

ERHeE T O REC b ISEE R TOEBFHER TR TH 5. MERIEEDES, &
iSO EFIETH L, UL, HLOFSRBREIERELS (OEFE,OTD, I




5 EEBEEONET L UTRY 2 &t 3EBH THETH 3, #l2 i, £fioBattelleffFEFTOEES T
T8 OiEEEEAH VSRS, BOEBEIA N —ELTRBEOE LELAH I L
RAlEETH 2, A

FIT, TELLFIVROEETRERELZFRT L C e XEHEENL, LaL, IOEG,
BB T ORI IENBuAEIRERROH DL IATHS (McAllister,
1980}, ERSELEHL T, BAEEE o Tw £ TO 7 e AGERME 4.1 THF
IEizfE S (H4.7),

(2) ®watorsk

aofb y BEERMESHED T ETh b, JORDHRBERI LOBEHE2 -2 TRTNIERS
¥, LobERHET 2 2 - OEWSIERE S b O TRFRER & 5wy, ATETHRAY: & D W {HiiERE
ok HV B HERO X ki STl i & 5 REEE CoRMElL T,
ARFEEOHEEV,OW A P OFEB b FE—Tbhbh i, CheEAW, L » 5 RETHHEV,
BwRATROENS,

Vu:F (Wi.Vl), i:1,2,“‘1’1 ................................................ (1)

—E R RO L) K FORBRIgL ENE Lo NS, BROBA L LTE—fe T
HE., TREE, b0, Coft TRERELVEEINOHETE, Evw I HELHS (Ot 1978),
IReERLIZIETT,

#2413 BSILOEHOESEEIRE -

|FH0 (FED) Vo=ZWV,  EW=1
IER MEHIDMEHR Vo= (2VF)
METIDNRR quﬁg\mym
Tl (AER Vo=TIV*  2W,=1
BAHDNERIVIBD Vo=max (Vy, Va, = Va)

2 nIFSHEIRER



MR ORICBEE ORI (weighted linear sum HEF L b2} Off,, MEMO MR
(root-sum-power), MFEFEHOMEH (root-mean-power) #hH b, BERETL R SRR
REZZBILIRTE S, HEICIMEM (weighted product) &b ABRNOIREINR S
NTVLBLBBTHL, B (B ORMHEIFTFEOIENERICZ > TV EHBEREL 5, &
BB THINITHEE SR/ O L0k, BROLOICEET 20 THNTFHEE&ROD
boEEhiEIv, Lrl, BEHEOLRLBELE BHCRELy 2o I0RERED
DIEETHD, JO—BEFIORK, Ko SoBEOBELCRERM b Hhn, BE,
XETRLARNEKGERMEREPS 13 I0RATHS,

INABREOFBFRRS IRESNL TS, HECRD I FLN2BRROKBRENDOLDT
£5,

Vo = EWi Vid Wo  cereersriim e s eaa e (2)
ChiR(DREFAT—RBELSEBRTH 220, ()RS B0 TABSED Lo
BHIROFMGEERE: SR FNER SRV, THbE, F(W, V) OV ZHNZER, W5 A—
FThHaME, VOEENFRIEKE R, BRFORSLHLrTHEIETH,

(D)RDO LI, BEHEERSEEANTEbANS 2 L AR EER TIMEMcRban3
Y3 s, BETHEMESIERICED 25 LD OEFHER S 1T w5 (Keeney and Raiffa,
1976), T4 LT, IEEEHED 2 DBS BNy — P A 7 &GS A NE D L BLE
TH%h, BEEHBE 2 CHs ¥ —MCERFHRHE Z L OBFNREDT D22 L > THAEWN
T Ch v (R M), MEMERSRTEN kb Shd, 22T, HdO L 5l
EERARETOBEEREDHSICERS NG LOTHY, FTHRETTOBRRECAVLNS
PHEMERE B L S BEES i v, JOMESET M I IMER R TR T A e
OHE+HEGETH D, T OFMZHR I Keeney and Raiffa, (1976) &S 10, HEE
o F « v 7 I3EEBCEHSCE LS, HEOBUF R BT LGERE A2 D R,

RETHE~D L) ZBEOSHOBR»SEIGT ARY, HEOREMIC BV TRELIEE
DR E L TORESFHEOEM A DR, IR —BENCEONTWEETHL, £
CTTRER R ER T ED 5,

(3) BAITTOHE

(DROBEAW KD Do, 1) ERNCESZ2A%, 2) B30 FE 3) BA~ND
EEERC L 2 hE, 4) EFAOHBEEMIC L HE, ON2ONESES, hoDHED
BRIZRO X 3 THE,

1) RBEME 2 5%

BOTMEV KL, V,(i=1, 2, 0NN EES5T500br 358 RW AERMIK




2l enTE5, RESEOREZBE—OREV, TRAL LI LT 3B CEW 2 4ERS
WEAL5ZE iiﬂ%&fc&sé L, kﬁi”gwﬂiﬁf&%ﬁ%@%k%fzé HEEPKEOREREE L
TOHREE S KBS T28EA2BELLBESCEW 2REBMNCES 25 2 /TR
Fubo,

SOEEE, For0FBRNERICL LI EATIORMSLETH S, Th s ORI
HEELTHEMRICL D0 HMICE S 0D THD, £, TEMBEHR 2 BB TR T
L, BEEELHWEEE (T LTI AE0EATHESEINE, WrEBRicsr 5
ZEyHNS 5,

2) MR

BEHEEDEL~7 P AW= (W,, W,, -~ Wn) 3FliFEOMEFROEETH B, LRI
HAR525E0) I IBECHEAOMERE LB I L 2E%T 2, LvL, EROEHS
WEEE, BATKEFAOMERYEET 2 DEREE Tk v, BICEEROMIEER % Kt
Li-EaNy b AWRERSHCES 2223 Ta 0w, EHELTOTEROEASLZ b ERD
B DD fEMERAYICHE T CHEIMARTH D,

IOHETRBEFMEBEV, - HFHIV, 2 & b cERAEIC L 0 Kk» 2, EIIFHEEBEV, 55
Vo BT 2 HERAD/ 97 A —¥ (BEARRE BEAELB, 2L, JOBELEHIHR
HEOFG AN ERACOWIHERATOHETHE, £ I TIDABERRBESOHE S
Rl ZOWEBOTIER, XS0 fER (727 L £ 0fERESAS CRE 2w EAE
A5 EH) OREIZ OO TORSHMAE Vo RO ARTHNTH 2.

3) EA~OEEEMICL S HE
B kS MR AN L D WERBHBEICHEE 3 2R 0 A IC L, HEWEEML TRk 5
—~HOHENH B, INOOFERRVIN L HREOERAE SR L T 250 0EENL T
ETHD, FHRLCEFETLREMRCEEL OB CHAERESNTE L, ThoDSFOERS
3 H#kiEGuilford (1954) $Churchman (1957) #%#&&, Eckenrode (1965) & MRE, &5
iz tiKeeney and Raiffa (1976) O FEH&EH %2, & { i Fishburn (1967), 58 TiZHobbs and
Voelker (1977) °FMH (1982) 3o HHEs=8B L 08, BEENLABELETH S,
CRLOEBMOFREFELIROL S ICERLY, (£4.14)
SHBF—ELTELASUT L 0E
D Jifs-74 (ranking)
BEHEOIHCHEGC 2, TOECEASY DTS, LUSEKTUTERERY s vniE
BLODIHREETHL, fAl 1 s S HC, -, 02, 2,1 L D3, 200 HE
AFEEMIC A X2 E2E00, B BERIEFRAETH S,




® ZHESY (rating)

FHBCHNAEER L ULEARBEE T A, M4 0~10 S0 L, 0~100 &
OEESPTDETE, ZOFEEEENESETHE, Linl, HEBEOHMNBMERZ G
TEAFDTTLS D600, LERECXS EWIFTFREV, EE, AROUWRHAT
BLF LB HEREFZEZ S RVOTEEY L 23 Twb (Stimson, 1969),

@ EEED O (scores allocation)

L B 00 E e 1000 Mk AO—EOLHE, AEEORERCIEUTHN 2D B, flz
i, 100 5% 3EBACEAT T T 2BSE, 205, 3048, 50 HE I ESCEN DY sh
B, TORRICINTHEREABORZEWIRELH P, TOHIER Ky, RIEE
WETHS,

2HEHEP—ELTEADH 3 ABDFEROTHS, RBCELIDRHP 1L &
INRBEEING, IHHDFETOIREVIOES AW LT, BROEAW, RO L
SiEsnd,

WI :Wi’/zwl' ............................................................ (3)

—Wyr oKL A TEROEL T ET 55K

@ —itkbEE (paired comparison)

SEHEDRAS 2IHAR L0, IOWEOLTY Lo RAEEMRHET S, BEEAFIC

1, iz 0455256, ZHICED ) —EHTOBRERDLIZ )y 7 AMBBSRID
FEREAWTEARHD S,

— NI RS e, EHEEIEST AL, BERICEBEORETOU A LENT
O, Thurstoned HLECHIM ORI E-T <, Guttman® Hik, BTL 270k 3
FHEEMEN D 5 (P, 1982), EHEMNFEOICAHBIE LT, v— 774700
BEanf-v oA T3 7 &7k (Weighted ranking technique) % IREERETFM-
BELUBIXH S (Canter, 1977),

4-a. FEE— N

FHEEH BB & —HEEDHEASLE AR T 20 C—HHETHIEE5D
RERO L T BEETH S, nHEETE X (n-1) EOHSERE % 5, WEERKR 108
b 9008, 20 EH T 380 A bR 5, 2D E ST RTHET 202552 —HH#E L
VD,

4-b. S5y —ad LBk

SEe—NHEEOL» THE L L 1 ORBREEB | L i OKERIUZE 2 wd gz
T HEOE S ERT b, 2ok —HHEORE RS TohD B anahT
BY, ISR HA—MHEKEWD,




®

—pEOESH 0 D (pair-wise scores allocation)

—rHECFHEEHEOEERCIE U T —EDRHSsRA T4, COBECREC2H
Biafitr@latsio, mnfiioat 10 & 5100 HEmdEbN, Ihli AEl S
HENFbi v, Pz, G108 THIE, AEECIDUT 2 AN S wd HEw
Eﬁéﬂ5c4ﬁﬁmﬁﬁfétw,mﬁﬁﬁﬁﬁéﬁgkéﬁhi,ﬂ%ﬁ%#,ﬁ$
REETERF 2 ATREME A& v B A, 33 gt 67 A, 1392 &0 ) RO FHRIC IR
FELv,

® —xtZ & Dk (pair-wise ratio questioning)

—fhel E FRR N T L CTHIEE O ERE AL T A48, 1, 0QHETIHR L,
BEEEOMEMEERD S,

—HHEETE, WhWAIZT A0 (BR) BELI 34, 2HECOWIT—E0D
MRz D3 ehd EREL, IOEE—FoEEFATHRL T, Zokd, £7
SEOMELN TG 217> CZOIHICEE T2 Ay, BUICR LAV TEEDIRCHEL
T AN H D, WFhCEIHES - RTClE~TE s, HEAESi=182, 2&
3, e (n-1) &EnODEn-1BEDE L DEATERDD,

@ 1+ —F# 7% (indifference trade-off method)

Chid 2 EHOFMNEEMOEENhR 2L, JOoRETO v — M4 7EH
THHETHB, LichH -7, EXEFIIMRAEET S LRtk 2,

WAEUMBEEOEADSEHOSBAOHEEE 2 S, OB 1 sAF %0, =
hebLr—FA73h2EE 2HAAREUREMULET5, SALABERERER S
A BAOFBABEHOBRE LR 0TH Y, HE 1, 2 OHESWEEEW,, W,I3ko
FyEsND,

—W,AF, + W,AF, =0

L7:08o T,

W,/W,=AF,/AF,

OEES S, BENHE L TOoEE 10oE(kR-AF, L —FAT7ENBFEE 2D
TILEAF, #RKH 2 2 Lok D, W/W, DR o2, HEEHEOHGH ¢ 2IKE
AT, T0LIK—"ITtD M r—F4 7HFROEEY, —RIE0RHLOHEES
2 A5, -l ALK TEHER DL TOEADOMEMEIRES, I

SW,=1 (n EEE)

ORHEEFLT, BAW, (i=1,2,.n) HRHBNZ,
EEHI N L — F A4 7OEMEHFCES Lo b Tid kv, HENEEL STV, B



b ILERENES D,
HAHOWEREMR 5 HiE
B A (linear weighting)

DEoFEDI S, &, ©, @CTREEES - RTCETE 3 LD LREL TV 5,
LA, —tHEske L5857 0 THEITLE=T{ A0RRIEIELIZ LD TH L,
Ff, EELTHASRO HES nHE Clin-l BIEL OEM b e IEREO 1 BE
OEBEBRYOIEE £ OHEMLREE Z2RFTHLS, REKEHHFEOLOESN
£U%, TOBECEE LTHARRETLIHETH S,

WREATT TR I OBEELHEL, BERNH L —EMET (Hl2iFe=0.05) %
5 T-HEOMN LI LZEA T 2 EBET,

© Churchman-Ackoff® ik

Churchman® (1957) #HEE L7 HiETRREH TR H 24, BEEA T LELY,
eEReHTHERT S, DLFTHEEOEASRD L JLCRABL T HETHL, 37
SEBFIER S L TH» L, HAEIA L 2N TREM ST s TRTOERAED
bR EQHENSEBL TG T 5, —REFO—WHETHREL2OCHEEOHEE %
FEELLLOEIET 20, HELYEETH L, COHFETHEn-1 TS THE SR
i, BRTAOE INBONE, COFEREERESSA2L00RLEELFED—
DTH L, LiL, Eckenrode b HA S FEOHEEB T IO HFEFHETL TWwEH, H
EEE R D O—HOEROFTE R LPRALRZ D o1,

@ BESTDIGA

il R R E R T O S R PO REREICH - 2 MEER & RIFE TH 2, REMR
TIRINENEERROES 2 REBRAE L 5, MERRo REBRFREEERD
BHEHIFTE %45 (Keeney and Raiffa, 1976 p.124), Z 0% RKDE\EALE TSI E
MTELD, COEALERD L 0T, ZoOEBHLRESEERNIC L 2 iS¢
AHEME NS, FO—DREAPRSLVEE I KoWTRERDE T, MOFB
TRIBECHELVIPRETH S, £ 57—23UTH5, 20 LB POMETETD
BEXRROEICED, (1~-P) OBETTATOHEENREDHEICEZ LI {LTH
2, O UIREDETHIRED, Ldod 3 —D00REBEERF I 2HEEP 2HEE
W, chEBELAWET D (F4.16),




BEi0ARR
k2 TRE
(V=W;-1)

SHEHER
V=1

£IEANEE
(v=0)

®4.16 RESOWRBICFDEARRFREOTVIa - V=

4) EAOEBREMic L 2T — F7 74 B0

LLEDRFEEGFRLBEARMCTOEATIHETH S, REFHO DI EOEMADM
HE NEACRMENS LHIEFROELA LB T2 EMNBE LR L I EHH N,

D FL7riy:

IORDIERL I HbhEFENT VT 71 TH 2, Hobbs and Voelker b BEFT DI #
FRODOELTHFEROY —A OFT, EFCI2EBATFOHEMEHAL, “0ny
WTFN7 7 AERAWR I LE2HEIED TS, EHOEARREOHSE L LTRDON G,
F7 yAETHERAOEESA (FEOE, i, F1 -8 3ma0ES sEficr 4 —F
SNy af, DEFIZOSFERTEEEE2{TI. COFRE FFEL TEELSIHEL 7277
FHRATEA LT3, T 7 7452w TidLinstone and Turoff (1975) &L,

FaT7 A EEP R VIBE bR T &, BEOFITREAOESIERECL VTR
BBk ThHE, ZORY, HMENCESTTETEIENTERWETTRL, filr
Rbbp20h R TOERAIEET 2 LI ERTLMETH 3, Hobbsk Voelker s =
DRHEPFFRCLDTFAVT7 7 ABEDOFHGEEHLTWS, ZhicrfL, BERSREIETVT 74 i
WEAEATHEEAREL, OSSR 722, FERIEEE (1983) BasicEBAT30
DHORFFLT 7 A R EATEREEOLEER 2TV, WMEOFNELEEL 2. SHEH
K7V 7 s A EMNEHFRETIERASNZTES ), 200 OEENTOVEDE L THL ER
L7#zELMESHiz%Ic > Tt 5.3 81 TN T 2,

@ NGT#

EfcL3BATHOMOFTEE L TidDelbeque s (1975) @ NGT#: (Nominal Group
Technique) 8% 5, KE DA — 27 UV »v JEHIWEMRFABHOIHEEROES T 0 HE
ALY (Voelker, 1977), TOABEREBET LT 74 Buc S o@EPL 1 HET, BEER—
Hics L, BEENE COBETBRB{TbND, NCTETRFL 7 v 4 0 & 5 REEN LY X



=414

BEE/EIC S DEH ITTTHEDER

NOE O R Z

HERE BEDE=DH
F ® EBDT L6 =)) 1y==+
@ A T @ ATYs) HiEs
B 7 — = 1 e &
@) (ranking) BtE5 IQ_:“LGKO&% EBERETHS Hh B
S
_ . BTLEBESL
7 8 o= Do TILIPOED i L,
& ) =g 5 NG THEZHED N o Z
B (rating) wo VBN T &
_ = FoEEL
% . { TV IPAES BETDEEE
® (siir:fs ajniazoi HERES NOTHCEY &ndd RE b B
e NE0Es = AFTEZN
- N I B % o I &
{paired comparison) ERIE R HEES BEITIBT DT bz
- —HEDBLREI DL FLIPED  BESTHETE
w  ©  lpair wise scores  HBEVER NCGTHCZLD sndn RGN B
allocation) EEs I3 TEZN
i -~ % 3 0t FLIEAED
o @ {pair wise ratic HBNEE NG THEZLED B 8 M '
. questioning) rEREs
L LR ATOW
B @ (ndifferance thigE ojgEsBINS B8 ELLVEER
trade-off analysis)
mEEH T T 21EIC : !
DE ] % L\l
% (linear weighting) " FOEEHES & LR
2 Fo—F I TA DTk TheE ENTL
® © (The Churchman- B 3 27 FrE & B ELLVSE
' Ackoff meathod) BTy
te mOE SO B o
< & 8 LA Vit
XL} {decision analysis) o % Ediis = e=L10) a8 ELV SR

*Hobbs & Voelker (1977) (D Table, 1. 52 BRI NEELE

D LENNLHE (74 7708E) CEASE NDL, TOTESIKIE (JIEHE, 1967
WHSHBIL T b, o, =2 I AT 4 X (N, 1981) & s —En i HEL b
545,
CDFETIEA~BADA =R T A FT7TEHL, FONERELERCEGT X v ov—
HECHEL D OSBFED TOHETH 2, SHOTA T T7HIL—FTRE SN E, #



DT ATTOEAITTETS, COTOLATREL LTOEATIHRE S, [SHS L Fk
B, RAUMIDRLLES R LONTETH S,

LD 3) DEAAOBEBEMCL3EATCHEREFR A MR L, ARCE, 4) S/~
OEEEMC L 2EATHOMRTREEYTFL T4, ZHitHobbs & Voelker (1977) %2
ZIERL: D THD, 58, 3) TRLAFEOH M) KOHICHERRETH S,

(4) 18&#1b

% OBMBEOBICIR E -7z T TIdA L, HeSfSp0MoEE 2R - THET 25808
LIELiEaohs, FlAdkEBRMEOhTIE LAY OEAN» > TSOLEMEMNE R o/, &
DEIBE, SO0 b > TRAE*RBAVLILLTETH L, 20L& 3 HSHEERET 2,
HAEHXGMEIEE e L THRFANICABEL, Th2AEEE (B L322kl R
bid, BB, JOBOFHFETRONERY, fhotd, Bacs—BNCBETES
WAREN LI EERETRIER &0,

B ERRSAHTIC X 2 RERRIEHEORE]
BEOF—F OERCE ST, MENEN 27 AN 258, £ OKEER 2 ERGHINET
L, KELSBUHBEWQINER SR (A, 1983). TO—#lik
WQ I =10.162 DO+1.34 log (BOD+0.90)+1.54 log (PO,-P+0.094) +1.22 log (NH,-N+
(.49} +0.146

Tha,

TOWQITE s AR, 11 OKEEEIC L8 1 ERAOBTEL LB, EMERE
0.97 THofzrE LTV B,

4.5.2 = fl

(1) HRMCS 22 HEOH

ERR,ITRE 2 CHEMRFRECEFACMHER + EA KRB L0 LW IH THNE,
HAZERMIIEZ2 2R3 TER Y, L, TOMB TR HA2RAILOHEHRECES
FIEETIC L DEAE DU 2 LI UBTHNEERNCERAEZ DT LI LN TR S,

PR (1983) WA RMCEA %252 2H%k L LT, EHECARICNT 2 00, TEREREC
L0, TAFHSORBIINT 2 40, 02283 T s, BHE, AWK oL TiI,
EREGE, TALF-RLE, EUEROBEEOFN S 2, BEREIC DL TR, R
OFFEMAGLD, ER—A, B0, BEEOHBEOIREH 5, REREDHHEH
WEEZTREEEBEO E L WEE W, EEENNE, FRZTEEESBLVRTEEND
HEACHETHTWwE,



(2) @ EOB~ERRR R T O

BEOMEERE»SRL b, FHIEHSBETIOREN D THRIE, VoA (1) TRIFETIC
KRELB2EITHS, UFHE, 1984)H 2, Rox-bimms o EsfasBRE0Re
FfETok. TOBEFTE, LHHRNORRERE (EE65R) CHiRXmERE (57 #HE)
WET LMK, i8R EEC, HusBREORANGE - RSFA s ER o BAREREEICLY
R 1, BRETHIE & B EIC L VST A ERREFT V2R L 23, K4.170% D
W, TERRETHIEESRBECHKE (MPboiid 2, 5, 8L TiEEVWRENAES
iz, MIKAERTEOME TREr -, IhiE I ORBETERELZ 7 2O/EHHEEE 2
BILERAL CORENEDFER Th - L Bbih s, —HHRER T 2 he TEET
BRESTREVED, RENREL -7 L 605, ZAHDME Tk IOt O EE
ED LS 77 AQEE P EEE, MBEEZOERVLEE -7 L3 THD,

WV 3.0 _
EEE —5m
|
KET AR .
S e 7 o
R
I
£
8 widt .
. 0é TR
.4
2.5 FH
o THET
2
2.0 T Y Vs
2.0 2.5 3.0 =g

&4.17  HXESFTHDOEMEREL DO R DHEEBOLL
(BRI, REMRITEL SHRINES, 1982)

WEAESEREATHAE, (DRTEBL S 30 L, FEEREEES 5 - 7 SR
ROBRTLFRSNT S,

OB TEREBHOEEEWETERICRD 209, HROMBEFL 7 7 4 EE2HWE, J1
L hRpiEAW EENEHEEV, E e (1) X BRDIV,OHEEBEV, i, Jhkixilicg
L TRO-BETHEMV, LD T L - U (FK4.15). I I TREMRFHCOWTERD 2L
Dicst, F—EEEHOFMERBRNEACYKE L TROS t T FHESRI B L

— 94 -




HIDFERbOED N, JOLDCHENTHE Y oA E M EEE OE ST
TR L8 (EENZ A, 1979) T (1980) @RS (1980) OV { DaOWERTLT
Fh Ty, ERPEIIGEERTHLI0THAT T OBRIZHE D —~BEXH2 L3 wEbi
%,

=415 BEURBEOEABE HETEBEOLR | NEHEHICE T SS6)
(ERIZ, 1882)

===} ) #EE T
HOEL 1 3.48 3.40 25
X 2 3.78 3.78 23

(3) HBEEEMI L 2706

@ BAEEREC X 256

BRD & 5 WEA T FG, HFROVBEPREETYONMBETHL D bOsMEEIhTL
345, NS FEROEIMZ HEMER L2 v, Eckenrode (1965), FE - fi& - A (1981)
BInsDHEPLHATHES,

2D 5%, Eckenrodeld 6 BAEOE AT ERIC OV THEER 2T 72, 20 6 B, HTS
i, BBAE, 2EEoESs—whEsk, swe—ilkigsk, Churchman-Ackoff D FiETH 2,
B EAERCET 2 3BHACERE T T REL 2WERF R LTy, Mo
DREEMZ o,

IORRICEBE, ThO 6BBEONETHOALELD/ Y —VIZRRELEIRs Wk p
D7, Linl, ZOPTRIENTOSROENTHE L Tnd, BRICHE D EHie < fHjHiL
WEETES (EESGHwEL -HERER) oTHnEBER SO 0hTLRLZER L8
Wil bbFELHEEbNE, LL, BEEDSHCLY, HAXRDARICET 2 TEEOME
REFETELV, BHESHTHONIBERIEFRETHY, ThsPRETHIREBELC
ETHILEH O E4EATHS (Hobbs & Voelker, 1975 ; Elliott, 1981),

2 HERE (BHFER) L35

MEHASOBROMIFT N T 7 ARk ZEHAOF & L CHEB S (1981) AT L7 7 4
BCEOBELRRBL T FEOEE 2 ETMCRT Lic, 20/, PR ITELLER
BROND Z Latma i, HEMEERAT oMK EIHRESOFEER (RS, 1981)



ki, EEWERE (C0Bs, IROEME, ¥450%H) EAOTHEIT-—EHRO®H B
opEohtz, THREBEFATT IR, A4 FEOEEER+# - TUHHEI 2 2B
FEOIILBTELRLY, ZOLYEEENEMNEY ERCIEETEZ L3 EELS
N3, £, AIEBREEHERLIOBEREZRLP0HATT 2 PRI I LD, EBOHE
EMPEEL L LTSRS,

@ BAEERZELE4HE L OLEEY)

Linl, SHEEA TRV 7AHICIVEAZRD L Z LREICTVEI DT TRy,
BEOT »r— PR L A2BAOBENERC L 320 ChhIESHERIC L A ESHE Y
HuaiBERRZzYy, #2707, tHHCORETCERESHAEO M EROBAMEREL L28S
OEERTFo0 (BES, 198]), OFEESNEEAD NSV EESHABE TR & DI
AR E DT (ERTE, 1983), ZhidRA—0EEEERIC N3 2@AESRAE L £43F0 -
T AEE R B UALERTH L, BAFHEV, AR 1 O L 5 EFHMEHEV, O TR
naetTahold, FARBETCRHUMOREESE A I LAURE N (F4.16), TOFEDHEIE
MEF B 0RO, RHTREEST2TI JenTE L, BECEAEEAEIC S
PEATFC DT, BEL—BOTRNLETHE,

416 ERMFEEIC S DRSS TERORORIN | BARERECRSHES

1@8RUZOBDEE
B OB 108 c@8 B BNEE
P B =TT 0.918 0.903 0.934 17 22
X3 e 0.867 0.939 0.922 21 22
X4 + % 0.868 0.971 0.974 17 17
HEE h R 0.724 0.612 0.780 21 24




453 BERLSEOFER

(1) BFEERTR
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Studies on the biological effects of single and combined exposure of air poilutants — Research report
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Comprehensive studies on the eutrophication of fresh-water areas — Lake current of Kasumigaura
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Comprehensive studies on the eutrophication of fresh-water areas — Structure of ecosystem and
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Comprehensive studies on the eutrophication of fresh-water areas — Applicability of trophic state
indices for lakes — 1978-1979. (1981)
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Studies on the biological effects. of single and combined exposure of air pollutants — Research report
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Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides system — Progress
report in 1979 — Research on the photochemical secondary pollutants formation mechanism in the
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Meteorological characteristics and atmospheric diffusion phenomena in the coastal region — Simulat-
fon of atmospheric motions and diffusion processes — Progress report in 1980, (1982)

The development and evaluation of remote measurement methods for environmental polluticn — Re-
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Comprehensive evaluation of environmental impacts of road and traffic. (1982)

Studies on the method for long term environmental monitoring — Progress report in 1980-1981.
(1982)

Study on supporting technology for systems analysis of environmental policy — The evaluation labo-
ratory of Man-envizonment Systems. (1982)

Preparation, analysis and certification of POND SEDIMENT certified reference material. (1982)
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Studies on the biological effects of single and combined exposure of air pollutants  Research report
in 1981. (1983) .
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Part 5. An observation on the distribution of Chironominae along the main stream in June, with des-
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Part 6. Description of species of the subfamily Orthocladiinae recovered from the main stream in the
June survey.

Part 7. Additional species collected in winter from the main stream.

Smog chamber studies on photochemical reactions of hydrecarbon-nitrogen oxides system — Progress
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Comprehensive studies on the eutrophication contro] of freshwaters — Measures for eutrophication
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Comprehensive studies on the eutrophication control of freshwaters — Eutrophication in Lake Yunoko.
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Comprehensive studies on the eutrophication control of freshwaters — Summary of researches. —
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Studies on the method for long term environmental monitoring — Qutlines of special research project
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Studies on photochemical reactions of hydrocarbon-nitrogen-sulfer oxides system — Photochemical
ozone formation studied by the evacuable smog chamber — Atomospheric photooxidation mecha-
nisms of selected organic compounds — Research report in 1980, 1982. (1984)

Studies on photochemical teactions of hydrocarbon-nitrogen-sulfer oxides system - Formation
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Studies on photochemical reactions of hydrocarbon-nitrogen-siifer oxides system — Research on the
photochemical secondary pollutants fof;-nation mechanism in the environmental atmosphere. —
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No.62* Effects of toxic substances on aquatic ecosystems — Progress report in 1980-1983. (1984)
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No.64* Studies on effects of air pollutant mixtures on plants — Final report in 1979-1981. (1984)

No.65 Studies on effects of air pollutan: mixtures on plants — Part 1. (1984)

No.66 Stadies on effects of air pollutant mixtures on plants — Part 2. (1384)
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No.68* Studies on the environmental effects of the application of sewage sludge to scil — Research report in
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Ne.69* Fundamental studjes on the eutrophication of Lake Chuzenji — Basic research report. (1984}

No.70 Studies on chironomid midges in lakes of the Nikko National Park — Part 1. Ecological studies on
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the chironomid species collected from lakes in the Nikko National Park. (1984)
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