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Introduction to Multicriterio Decision Anolysis

ln tbis chaDtcr wc focus on muhicriteria decisicttt mttking (MCDM) . Thc

L,r ,n,  nru l t icr i tcr ie  decis ior l  arra lys is  and r rn l t icr i ter ia  decis iot ' l  analvs is

(MCDA) dre used interchangeahly. Broadly spaaking, MCDM prctblems in-
'ucslue 

a set of alternatiues that dre cualuated rn the bttsis rtf unllicting tmd

incsmrnensurate criterid. (lr itcrion is considcred a generic tcrnr thdt includes

both thc cont:ePts of attribute dnd objectiue. Accordingly, tuto hroad classes

of MCDM cdn bc distinguished: MADM (multiattributc tlccision ntaking) tnd

MODM (multi l tb jct:t iuc dccisitn making,). Botb MADM and MODM probluns

are further cotcgrizetl inkt singlc-deciskm-mdkcr prrtblcms and gntult decisitttt

lrruihlr*t. These two catcgrtries are, irt ttn'n' subtlit'idcd into tlctt'rtttinistit',

probdbilistic, and fuzzy decisirns. Detcrninistic tlccisictn ltnitlerns Ltssutnc thot
'tha 

rcquire d tlata and informatitttt dre krutwn witb certttirtt)' dntl that therc is a

kntnun tlctarministic relatkmship bettuecn eucry tlccisictn dnd the corresprmdittg

decishtn c.()nseqLrcnce. Prchabil istic analysis tlcals witb a dccisirttt si711s{irttt

ttntler unccrtdinty dhout thc statc rf problcm's anuironrncnt and tt ltrttrt thc

relationshiTts ltctutccn thc decision and its conscquailces. 'Mhcrcas prohabilistic

analysis trledts uncertainty as rdndomncss, it is also LtppropriLtte ttt t'ttttsit!rr

inhcrent imprecision of informatfum inuolt,ed in de cision mdking: fuzzJ' dccisitttt

dnalysis deals with this typc of uncertainty. Crnuenticnal MCDM techniqrrcs

hdt,i largcly bcen aspatidl in the sansa thst they assumc a spttt ial htntrtgcneity

within the stud1, drca. This assumlttion is unrettl istic in ntttrt\ dccisitttt sittt,tt i ttrts

bccattsa tba cualLtotion t '.r iteria udr), ocross space. Consequantly, thcre is tt rtcctl

frtr dn ex1tlicit representatirm of tbe gaogrdlthicdl dimcnsiort in MODM- Tltt'
'sccontl 

part rf this chaptcr ltrttLtidcs a frantcwrtrk ftr GIS-hdsetl (ttr spil ial)

multicriteria decision dnalys!5. The frdntework integrates the GIS captbilities

of datd acquisit iort, storage, rctricL,i l, manilttr ldtirtn, antl ar:lalysis Ltttd thc (LtpLt-

biititic of MCDM tachniqucs ftr ag;grcgating tha geographical dat,t ttntl thc

tjccisigrt ntdker's ltrcfcrcnces intut unidimensitnal t 'dltres ttf altcrnatit 'c deL'i-

s lo/ /s .
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3 . I  E T T M E N I S  O T  M U I . T I C R I T E R I A
D T C I S I O N  A N A I . Y S I S

A lumber of  approaches to s t ructur ing MCDM problerns havc been suggested

i r r  t l re  dcc is ion analys is  l i terature ( l (eeney and Rai f fa  1976;Saaty l9 f l0 ;  Chan-

kong and Haimes 1983;  Kle indor fcr  et  a l .  1993).  In  general ,  MCDM problerns

inv< i l vcs i xcomponenrs : ( l )  agod lo rasc t . f  goa l s thedec i s i ' nmake r ( i n te res t

gror.rp) attempts tcl achieve; (2) the decision mdl?er or gr()tlp <lf decisi<ln rnakers

inuuiu.d in ihe clecision-rnaking pr.cess akrng with their preferences with

respecr to eudludtion criterid; (3) a set of cvalr-ration criteria (f i iectiues andl

ot ' t t t t r ibLt tcs)  r t r r  the basis  < l f  which the dccis io l r  makers evaluate a l te rnat ive

corrrses of action; (4) the sct of clecisi<'tn dltcrnatiues, that is, the decisi<ln or

i lc t ion var iables;  ( .5)  the set  of  uuc<lnt ro l lab lc  var iables or  s tates r t f  nat t r rc

l r l cu i s i 91 ln  ( . nv i r ( )n lncn t  ) l  l r nd  (6 )  t h t '  se t  t r l  t ) t t l ( ( )m(s  ( ) r  c ( ) l l seq t l c l t r - t ' s  ; t ssoc iu ted

wi th each a l tern: r t ive-at t r ibute pai r  (Keency and Rai f fa  1976;Pi tz  and McKi l l ip

1984).  The re lat ionships between the e lements 6f  MCDM are shgwn i r - r  F igure

3.1.  The centra l  . le* . , l t  o f  th is  s t ructure is  a decis i rn mdtr ix  consist ing of  a

ser  of  co l r - r rnns and rows (Pi tz  and McKi l l ip  1984).  The matr ix  reprcserr ts  thc

decis ion ( )utcomes for  a set  of  a l tcrnat ives and a set  t l f  evaluat ion cr i tcr ia '

Attributel Attrlbute2 Attribute3 Attribute,

0utcome'1 Outcome,2 Outcomel l  Out(omeln

Outcome2t cutcome22 Outcome23 outcome2a

Outcomemt Outcomep2 Outcomep3 Outcomemn

weightl Weight2 Weight3 Weightn

Alternative 1

Alternatave2

Alternativen

PreTerence5

fIGURE 3.1 Fromework for multicrilerio decision onolysis.
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The structure of the columns cclnsists of levels representing the decisicln

makers, their preferences, and evaluation criteria. These elernents are organized

in a hierarchical srructure. The most general level is a goal. At this level a desired

end state restrlt ing from decision-making activity is specified' For example, in

the context  of  land-usc p lanning,  the goal  may be to improve qual i ty  of  l i fe

in a par t icr . r lar  region.  Complex decis ion problems typical ly  involve a number

of  dcc is ion makers ( in terest  groups) .  A decis ion maker may consist  of  a s ingle

person or a group of people, such as government or corporate orglnizations.

The decisi6ns require analysis of the values of persons affected by the clccision,

who are often characterized by unique preferences with respect to the relative

importancc of  cr i ter ia  ( )n the basis  of  which a l ternat ive decis ions are evaluated.

The' preferences are typically operationalized in terms of weights assigned to

the evaluation criteria. A criterion is a standarcl of iudgment or a rulc to test

the desi rabi l i ty  of  a l ternat ive decis i< l r rs  (Hwang and Yoor. r  1981).  I t  is  r r  ger lcr ic

term rhar  inc ludes both object ives and at t r ibutes.  Any mul t ip le cr i ter ia  decis ion

problem involves a set of objectives, a set of attributes, or both. Although in

real-worlcl decision problems the objectives and attributes are ofter-r involvec'l

in a r-nixed fashion, the distincticln between these tw<l concepts is of crucial

importance for  an understanding of  the nature and essence of  MCDM ap-

prctaches. An objectivc is a statement about the desired state of a spatial system

(e.g. ,  a  desi red paf tern of  land use) .  The obiect ives are made operat ional  by

assigning to them one or m()re attributes (see Section 3.2 fttr a detailed dis-

cusston ) .
The rgws 6f  the decis ion matr ix  represent  decis ion a l ternat ives (F igure 3.1) .

All decisions are made in sclme kind of cnvironmental context and therefore

invcllve many factors beyond the control of the decisit ln maker. Thcse utrcttn-

t rpnl lahle fact r r rs  are referred t ( )  as s l ,Tfcs of  nalurc or  s /4 lcs , t I  cnui rontnt ' t r l .

Note that the term noture as used here refers to the general ur-rpredictabil ity

of  the decis iorr -making envi ronment .  A state of  nat t t re can be a state of  the

economy (e .g. ,  recession,  in f la t ion) ,  a weather  condi t ion ( ra in,  drought ,  f rc ls t ) ,

an action of a contpetitclr, or other situations over which the decision maker

has l itt le or no conrrol, and therefore they must be included in the urrpredictabil-

ity of nirture. Each state is assumed to be independent of other states and

immune to manipr.rlation by the decision maker; that is, the decision envirtln-

ment  is  neutra l .  A lso,  i t  is  assumed that  a f in i te  number of  possib le s tates of

nature can occur. The states tlf nature reflect the degree of uncertainty about

decision outcomes (cclnsequences). Therefore, for each decision alternative

there is a set of possible outcomes. Which outcome will actually follow a

decision deperrds ()n the state of nature. If only one state clf nature is considered,

only one decision outcome is associated with a given alterr.rative. This situatit ln

is  represented in F igure 3.1.
The decisi<ln outcorres depend on the set of attributes for evaluating alterna-

tives. ConseqLlently, an entry in the intersection of each row and column of

the decis ign matr ix  is  the decis ion outcome associated wi th a par t icu lar  a l terna-
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t ive and attribute. The matrix cells contain a single entry if a single state of
nature is considered, and they contain a number of outcclmes if the decisicln
situation requires corrsideraticln of more than clne state of nature. Thus the
decision outcomes in each row of the matrix are represented as the attribute
levels, which measllre the degree of achievement or performance of a decision
alternative. The decisicln problem requires that the set of outcclmes irre ordered
so that the best i l l ternative can be identif ied.

3 . 2  C t A S S I i l C A T I 0 N  0 t  M U L T I C R I T t R I A
D E C I S I O N  P R O B I . E I l l I S

MCDM problerns ciln be cl:rssif iecl on the basis <lf the rrrajor comp()nents of
multicriteria decisicln analysis presented in Section 3.1. Three dichotomtes can
be c ' l is t inguished:  (1)  rnul t iob ject ive decis ion making (MODM) vers l rs  mul t ia t -
t r ibute decis ion making (MADM),  (2)  ind iv idual  versus group decis ion-maker
problerns,  and (3)  decis ions under cer ta inty  versus decis ions under uncer ta inty .
This classification is showrt in Figure 3.2. The distinction betwcen MADM
and MODM is basecl  on the c lass i f icat ion of  evaluat ion cr i tcr i i r  in to at t r ibutes
and object ives.

These two appro:rches c:rn be fr-rrther subdivicled into two catcgories depend-
ing on the goal-preference structure of the decision maker. If there is i l  single
goal-preference strl lcture, the problem is referred to as individLral decision
making,  regardless of  the number of  decis ion rnakcrs actual ly  involvcd.  On
the other  hand,  i f  rndiv idLra ls  ( in terest  groups)  are character ized by d i f fcrent
goal-preference structl lres, the problem becomes that of group decisicln rnaking.
The subdiv is ion of  decis ion problems into indiv idual  arrd group decis i<tn mak-
i r rg appl ies to both MADM and MODM.

tIGURI 3.2 [losificotion of muhicrilerio decision problems.
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Finally, decision problerns can be categorized into decisiclns under certainty

and decisions under uncertainty, depending on the amount of irrfclrmation

(knowledge) about  the decis ion s i tuat ion that  is  avai lable to the decis ion maker

and analy.st. If the decision maker has perfect knowledge of the decision envi-

ronrtent, the decision is n.rade under conditions clf certainty. Most real-wclrld

decisions involve some aspects that arc unknowable or very diff icult to predict.

This type clf decision making is referred to as decisit lns under conditit lns of

uncerta;nty. We have to recollnize, however, that uncertainty rnay cotnc fronr

various ,,rur..r. To this end, the decision under uncertainty may be further

subdiv ided into two categgr ies:  probabi l is t ic  ancl  fnzzy decis ion making '

3.2.1 Multiobiecive Versus Multiottribule Anolyris

As suggcsted earlicr, criteria are the standards of iudgment or rules tln the basis

uf  *n lcn the a l tcrnat ive decis ions are ranked according to thei r  desi rabi l i ty .

Critericm is a generic term including the concepts of attribute and objectivc.

Thus MCDM is used as the b lanket  terrn,  which inc ludes both mul t iob ject ive

and mr: l t ia t t r ibute decis ion making.
Attributes are the properties of elements of a reirl-world geographical system.

More spccificirl ly, an attribute is a measurable quantity clr quality of a geograph-

ical eniity or a ielationship between geographical entit ies. In the corrtext of a

decision-making problem, the entit ies and the relatiorrships are referred tt l as

the obiects of decisions. Wc assume that decisions are made to change or leave

unchangecl the state of a spatial system, that is, the state of entit ies and the

relationships among thern. The concept of attributc is synonyrnous with the

often-used concept of thc measurement of system (clr system element) perfor-

mance. An attribr-rte is used to fireasure perforrnance in relation tcl an obiective.

It car-r be thor-rght of as the means or inforrnation sources availablc to the

clecision maker for forntulating ancl achieving the decision m:rker's obiectives

(Starr  and Zeleny 1977).
An objectiu,.r is a statcment ab<lut thc desired state of the system under

cpns ide r l t i en .  I t  i ne l i cc rcs  t he  d i r cc t i on r  o f  i n tp rovemet l t  o f  o t t e  o r  more  a t t r i -

butes. Objectives are functionally related to, or derived from, a set of : lttr ibutes'

For any given objective, several different attributes might be necessary to

provide ci,mplete assessment of the degree to which the obiective rnight be

achieved.  For  exantp le,  i f  we have the < lb iect ive "min imiz ing the populat ion

exposure to air pollr.rt it)n," we lnay use the attribute "number of people exposed

to iu l fur  ox ides above a speci f ied standard"  (e.g. ,  80 pglmrnot  to  be exceeded

m()re than once per year), and "number of people exposed to carbcln rnonrlxide

above a specified standard" (e.g., 100 mg/mr n()t t() be exceedecl nlore than

once per  year) .
ta t le  : . t  pr 'v ides a compar ison . f  MODM and MADM appr. i rches.  The

MODM problems rcqui re that  means-ends re lat ionships be speci f ied,  s ince
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TABLI 3.1 (omporison of MODM ond MADM Approoches

MODM MADM

(.r i ter ia defined by:
C)bjectives defincd:
Attr ibutes defincd:
( lonstraints defined:
Alternatives defined:
Nurnber of alternatives
Decisior-r maker's contr() l
Decision modcling paradigm
Rclevant to:
Reler. i tnce of geographical clata strLlcture

Ob ject ives
Explici t ly
Implici t ly
Exp l i c i t l y
Lnpl ici t ly
lnf ini te ( large)
Signif icant
P roces s-o rien tc d
Design/search
Vector-b:rsed GIS

Attr ibutcs
lmp l ic i t l y
Expl ici t ly
Implici t ly
Flxpl ici t ly
F in i tc  (smal l )
I- imited
C)utcornc-oricnte d
L,valu at ion/choice
Raster-bascd ( l lS

Sortrccs;  Hrvrrng rr t rc l  Yoon ( l9Ul '  Table l '1 ,  p 4)  and St i r r r  and Zelatv 11977) '

they c leal  expl ic i t ly  wi th the re lat ionship of  at t r ibutes 9f  a l ternat ivcs to h igher-

l.u.l ,rbl.ctlues of the decision rnaker. Therefore, this category of multicriteria

approaches involves clesigning the alternatives and searching ft lr the "best"

decisions among n. r,"rf i,.r i ie ri u.ry large set Of feasible alternatives. The role

of MODM "pf.,r".h., in decisi.n making is t. provide a framew'rk for

designing a set of alrernatives. Each alternative is defined implicit ly in terms

.rf th. deiirinn variables and evaluated by means of objective functions. lf there

is a direct correspondence between attributes and objectives' the pultiobjective

problem be.u-., ir multiattribute decision problem. Multiattribute decision

problems require that choices be made among alternatives described by their

attrib.,tes. Tiris implies that attribute-'biective relati.nships are specified in

such it form that attributes are regarded as both obiectives and decision vrrrr-

ables. The set of attriblltes is given explicit ly. AttribLrtes are used as both

clecision variables and decision criteria.

MODM recognizes that  at t r ibutes of  a l ternet ives arc of ten iust  means to

higher encls, the clecision maker's obiectives. \(hile MADM methods obtain

p,if.r.,.,..r, 'rsually in the form .f functior.r forms and weights, directly for

ieu.ls u,. the attributes, MODM methods derive these fron'r the preferences

among objectives and the functions relating attributes to objectives (Maccrim-

,-,-r,r,-, i lzjy. An attribute is a c.ncrete descriptive variable; an ohiective is a

more abstract variable with a specification of the relative desirabil ity of the

levels of  that  var iable.  MADM problems are assumed to have a predetermined,

limited number of alternatives. Solving an MADM problem is a selection

process, as opposed to a design process. The MoDM problcm is ctl l l t inuous

i,-, th. ,.ns. fh"t th. best solution may be f 'und anywhere within the region

of feasible solutions. Therefore, MADM and MODM problems are sorrletimes

referred t() as discrete and continrzoas decision prclblems, respectively (Hwang

a n d  Y o o n  1 9 8 1 ) .
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3.2.2 Individuol Versus Group Decision Moking

Many spatial decisions are rnacle by groups (nlult iple decisior.r makers rather

than'an indiv idual  decis iorr  maker (Hwang and l - in  1987;  Massarn l9 t l8) '

Group decis ion-making problenls  are encountered f requent ly  in  the publ ic

,..t.r i. For exirrnplc, -"1,r. decisions .f locatirrg pr-rblic "go.ds" (e.g., the

locat ion of  a hospi ta l ,  schocr l ,  park)  and publ ic  "bacls"  (e 'g ' ,  the locat ion o i

noxic lus fac i l i t ies such as a hazardous waste inc inerator  or  waste landf i l l )

requi re an arra lys is  of  the values 9f  d i f ferent  i t l teresf  gr( ) t lps '  thr l t  is ,  peoplc

af f lc ted by the ' igoods" and "bads."  Simi lar ly ,  land-use decis ions are typ ical ly

.,r*pl.*, .r*lng i, th. u,'1nu,ridable trade-offs inherent ir-r protecting or develop-

ing specific la,rds and the differerrtial ir-npacts on various stakeholder groups'

Ai envir,,,"r,nental confl ict arises whenever the activit ies of onc sector reduce

the capabil ity of the Iar-rcl f()r 6thcr stakeholder activit ies. Stakeholders' v:rlr-res

and interests have to be analyz.ed t9 determinc thc la lnd- t rse pat tern that  maxi-

mrzcs consensus ( ) r  r r r in imizes conf l ic t .  The c legree of  cgnsensus can be ct lns ic l -

erec l  as a major  detcrminant  ( ) f  the nature 9f  the choice (decis io l )  process,  i t t ld

theref.re of how choice shor.rld be organized (Massarl 1993)' Cor-rseqtrently,

thc distinction betwectr individual irnd group dccision nrakirrg rcsts less ot't

t he  nu rnhe r  o f  peop l t . i i l v , r l vec l  t h rn  o r r  t he  cons i s t cnc l  o f  t h t ' g roup ' s  go : t l s '

prefercnccs, "ni Lr.i i .fr. If we can assulre a single gttal-preferer.rcc-belief strt lc-

,u.., *. arc' dcaling witl i  individual decision nrakirrg, regarclless of the number

of  people actual ly  involvcd.  c)n thc other  hand,  i f  any o i  these components

u"rl", "-,rr-rg th.se c()nstituti lr l l  thc decisi 'n-mirkirrg grollp, we ilre coping with

group choice makir lg .
In the context of lrult iple decision makers, it is usefr-rl t6 nlal<c a clistincti11n

berween a reaffr and a coalit ion (Rother-rberg 1975). A teanr is defir]ed as a

group of people if i t is characterized by a rnutually consistent sct of ltreferenccs;

it-l", ir, nll ;,.rr,rn, have the same preference ,rderi 'rgs ttn ir l l  olrtcolres th:1t

"r. ' .. leu",.rt t9 the decisi6r-rs. In this case, even though many pctlple are involved

in rnaking a decis ion,  a s ingle decis ion mr>del  and analys is  is  pt lss ib lc .  Everyone

on the tcam must agrce ()n al unitary perspective for a partictl lar decision. By

c()ntrast with the teanl, a coalit ion is made up of people who cotnprot]rise
. . thei r  par t ly  s i rn i lar ,  parr ly  d ivergent  out looks"  (Rother-rberg 197-5,  p.  63) .

Coal i t ion par t ic ipants 'can a l t rce, i , r  the st r l lc ture. f  the problenr  ( the set  c l f

alternatives:rncl evaluatiorr ciitcria) but disagree on the rcldtiue intportancc of

the eualttdtign criterm. This means thirt the problem c:rn be strl lcturcd in tert.t.ts

9f ar silgle 1]9del. lt requires, htlwever, rnultiple atlalysis |ecause the v:rri<lus

pr.f...n-.., lead t9 vari,rus <lrderings 9f t l.re i l l terlatives. Thus tearns lr.rd coali-

t lons rcpresent two c'lecisi<ln situatiorls in which a single prgblen'r nr<lclel ca1

be used. 
-fhc 

rw<t groups differ in that decisit lrrs rnade by coalit iorls reLltl lre

rnr.rlt iple analysis tO acc<lmmodate the variclus preferences of 
,thc 

coalit iolt

par t ic ipants,  whercas a s ingle analys is  is  possib le fc l r  tearn ntentbers.
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I i  the indiviclual clecision makers disagree on a set <lf alternatives and/clr
evrrlu:rt ion criteria tcl be considered for the dccision problem, they tlust be
regarded as participating irr multiple :rnd separate decisions. To this end, two
fornrs crf nrultiple decisions can be distinguishedl. competit iue clecision making,
which inc ludes s i tuat ions in  which solne sor t  c l f  conf l ic t  ex is ts  among decis iorr
makers, and independent decisi<tl making, which involves sitr-tations in which
the various decision nrakers are indeper.rdent clf each other, althclugh the actiolr
of  any ( )nc person or  group may have impcl r tant  consequences for  the others.
Colnpet i r ive decis ion rnaking requi res mul t ip lc  analyses,  but  i t  can be st ructured
in rerms of  a s inglc  rnodel .  The d i f l lcu l ty  involved in compet i t ive dccis ion
nraking is  thc sc lect iorr  of  the appnrpr iate perspect ive for  the analys is  (Pi tz  and
M c K i l l i p  1 9 8 4 ) .

3.2.3 Decision Moking l,lnder Certointy Versus Uncerlointy

Broadly s;reakirrg, there arc two sources of utrcert:ritrty involvcd in m:rl<ing ir
decision. The first concerns the validity of inforr.nation (l(eer-rey and ltaiffa
1976).  The decis i< ln maker may be unsure whether  the in fornrat ion about  the
sp:rtial problcm is error-free and approprriate for preclicting thc rtutcome <lf

any clecisiorr rnade. Thc second sorlrce of uncertainty c()ncerns future cvcttts
that  might  lcac ' l  to  c l i f ferent ia l ly  preferred outcomcs for  a par t icu lar  decis ion
al ternat ive.  In  a sense,  thc former is  i r  spccia l  case of  thc la t ter .  F<l r  example,
in  thc context  of  a farnrcr 's  sp i r t ia l  decis i< ln,  the uncer ta inty  may be rc l i r ted t<r

rhe cluestion of wherc irnd wlr:rt l<incls of agricr-rltural procluctiol 't should be
pract iccd on the farm. Since the y ie ld is  in f luerrced by weather  condi t io t . ts ,
whic l ' r  miry  be unprcdictahle,  the farmcr faces a decis ion under ut rccr ta i r t ty .
Thc l inr i tec l  ( r - rnccr ta in)  in format ion about  fut r - r re wcather  condi t ions tnakes
any preclicti<)n pr()ne to error. Sin-ri larly, s1-xrti ir l dccisions conccrtring loc:rtit ln

or rel<lcr'rt ion of a retail facil i ty are surroLrnclcd by r-rncertainty becausc tlf t l .re
unprecl icrabi l i ty  of  the locat ional  c lcc is iorrs  of  conrpct i tors.  Each c() l r rpct i t ( ) r
has i ts  own krcat ional  s t ratcgy,  which may be c l i f f icu l t  to  prec l ic t  becausc of
imperfect  in forrnat i< ln about  the decis ior- r  s i tuat ion.

Al though unccr ta inty  ex is ts  i l r  many decis ion s i t r . rat io t - rs ,  thc amount  ( ) f

unccrt:rir.rty (or the au'rount of irrformation about thc clccisiorr pr<lblen.r) varies
grerr t l ,v .  To th is  end,  i t  is  usefu l  to  locatc a decis ion problem ol r  a c() r t t i l tL lLrr r r
rrrnging ironr r.r predictable siturrticln t() one th:lt is extrcmre ly diff icult to predict.

The fornrer is rcfcrrecl to as a daterministic situatirm (tr ccrtainty); the lrttcr

is referrecl to i:rs i l  dccision proltlem undcr uncertainty. Accorclingly, MCIDM
problenrs c:rn be classifiecl into two cirtcgories: MCDM uncler cert:rinty and
\4CDM under i rncer ta inty .  In  a decis iorr  unclcr  ccr ta inty  i t  is  assur led that  a l l
re lcvant  in iornrat ion about  t l re  decis i< ln s i tuat ion is  knowl t  and that  there is  a
knorvr.r cleterrninistic connection betwccn every decision and tl.re corresponding
()L l tconre.  This rneans that  under concl i t i< lns of  cer ta inty  only  one state of  nature
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is possible clr, alternatively, any variation that is possible wil l not :rffect the

..r.r..1u.,l..s of cho<lsing a particLllar option' Either wtry, the decision is iucigccl

to be insensitive t<l any unc()ntrollable factors present'

Son'rc decisicln sitr,rati<lns cclme closc to the case <lf certainty; that is, the

uncertainty is so remote that it ci ln bc disregarded as a factor. lndeecl, rnarry

spatial pr,i l ' ,1.nl fclrmulations assume that the future state of nature is kntlwn

with certainty. Such sccondary attention to uncertainty (risk) factors is often

a necessity trccausc of data availabil ity or costs. Thus, even when tttrcertrrinty

is rec<lgnized, it n'ray have to be ignorcd becausc of insufficient data for evaltla-

t ion < l i  becausc the evaluat ion would requi re too much t ime or  money.  More-

over .  a dccis i< ln m:rker  (or  analyst )  can del iberate ly  cho<lsc to mt ldel  : r  c lec is ion

r . rs  11ccurr ing under a condi t ion of  cer ta inty  i f  i t  is  bel icved that  mocle l ing i t  i r l

a  prebabi l isr ic  nranner wi l l  ac ld noth ing to the analys is  of  the problem. I t  may

be a perfectly legitirnate ploy to Assutre, for example, that population figr-rres

by region -itt hru. a certain valuc and t() i lssume that the investnlent ctlsts tlf

. i t "b i i rh i t ' rg  a fac i l i ty  i r - r  a l tcrnat ive locat ions wi l l  take a cer ta in level ,  even

though we know that  these f igures arc merely  best  gt resses.  This does l lo t  imply,

h,r*.ju.., that detcrministic decision problen-rs may be particulirrly easy <lr

straightforwarc'1. The problems may be complex because a rnultitudc of alterna-

t ive i i ra tegies may bepresent ,  which may be evaluated on thc basis  of  incgtn-

mensurate ancl c<tnfl ictirrg criteria by a number of irrterest groups or ' ' lecisirrn

makers.  Fur therrnc l rc .  to  deal  wi th the r - rnccr ta inty  involvcd in  a determir l is t ic

pr1;,blern formulation, sensitivity analysis can be perforrned tt l dernonstrrlte the

p6ssib lc  o l r tcomes uncler  d i f ferent  scenar ios.  I t  is  i r rgued that  sensi t iv i ty  i rnalvs is

is  i l  cr i t ica l  e lcr -nent  of  any spat ia l  decis ion problem (see chaptcr  8 for  a

deta i lcd d iscussion) .
Tw6  l . , r r s i c  f yp ( . s  ( ) f  r r ncc r t r i n t y  may  l ' t e  p resen l  i r r , r  dcc i s i on  s i t t t l t t i o t t :

( I  )  ,ncer ta inty : tssociated wi th l i rn i ted in format ion about  the c lec is ion s i t t ta t ion,

and (2)  uncer ta inty  associated wi th fuzz iness ( imprecis ion)  concerning the

descriptign of the semilntic meaning 6f the evcnts, phenomena' ()r statcnlents

themselves.  Conscquent ly ,  both MADM ancl  MODM prgblerns under uncer-

tainty can be subdividcd further into probalti l isric (stochastic) ltnd fuzzl-

decision-making problems, dependinll oll the type of uncertainty i lvolved.

The probabil istic decisi<,rns have il stechastic character. They are handled by

probabil ity the<lry and statistics. The conccpt <lf uncertainty can bc treated as

ieconclary to thai of probabil ity. C)nce thc probabil ity <rf the event concernccl

is knclwn, the cluantitative aspect of the uncertainty is determined. The precise

nature of  the l ink wi l l  depend on the v iew actual ly  taken'

In many cases the uncertainty is not due to randomness but to sonre itnprect-

sion whgse fqrmal treatment cannot be handled by probabil ity theory. Note

that the outcome of a stochastic event is either true or false. However, in rr

situaticln wherc the event itself is ambiguous, the clutcome may bc givcn by a

quant i ty  other  than t rue (1)  or  fa lse (0) .  The problem of  ambigui ty  can be

,t.u.trri.d as the degree to which an event "mclre or less belcl-rgs" to a class'
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This type <rf situirt ion is handled by the fuzzy set theory. Specifically, the theory

ol fuzz'ry sets provides :r nittural basis for the theory of possibil i ty, playing a

ro le s i r i i lar  to  that  of  measure theory in  re lat ion to the theory of  probabi l i ty

(Zadeh 196-5) .  I t  is  import i rnt  to  real ize that  possib i l i ty  theory is  an a l ternat ive

infornration theory to that based on probabil ity. Although possibil i ty theory

is logically independent of probabil ity theory, they are related: both arise in

Denrpster-Shafer evidence theory as fuzzy mcasLlres defined on random sets

(Kl i r  and Yual  199-5) .  Fur thermore,  possib i l i ty  theory d i rect ly  general izes both

n<rndetermin is t ic  process theory and interval  arra lys is  Isee L,astman (1997) for

a d iscussion on spat ia l  aspects of  the possib i l i ty  theory l .

3 . 3  T R A M E W O R K  T O R  S P A T I A T  M U I . I I C R I T E R I A
D T C I S I O N  A N A I . Y S I S

At the nr1;st ruclintentary level, a spatial rnr-rlt icriteria decision problern involves

a ser  of  geographical ly  def ined a l ternat ives (events)  f rom which a choice of

olle or more altern:rtives is rn:rde (their ordering perftlrmed) with respect to a

s iven set  of  ev: r l r - rat ion cr i ter i i r  (Carver  1991;  Heywood ct  a l .  199-5;  Jar- rkowski
iqg-s,  K. l l . r  1996;Malczewski  1996).  The a l rerr rat ives are dcf ined geographi-

cal ly  in  the sense that  rcsul ts  of  the analys is  (decis ions)  depend on thei r  spat ia l

,,,..,,ng.,o.n,. In GIS terminology, the alternatives are a c<ll lecticln <lf point,

l ine, , inc l  areal  objects,  at tached to which are cr i ter io t l  va lues (see Chapter  2) .

( lonvcnt ional  M(IDM techniqr- res have largely been asp:r t ia l .  They typ ical ly

Llse averilge or total imprrcts that are deemed apprtlpriate for the entirc erca

,1- ,n, le . .u," r iderat ion (Tkach i rnd Simonov ic  1997). ln  < l ther  words,  convent i ( ) r lx l

approi rches assume a spat ia l  hornogenei ty  wi th in the study area.  This assump-

t ion is  c lear ly  unreal is t ic  in  many decis ion s i tuat ions because the evaluat ion

cr i ter ia  vary across space.  Spat ia l  mul t icr i ter ia  analys is  represents a s igr l i f icant

departure f 'rorr.r the c()nventional MCDM techniques because of its explicit

geirgraphic componeltt. In cttntrast to the conventional MCDM, spatial multi-

ir ite.i l  ar.ralysis requires both data on criteri<>t.l values and the geclgraphical

krcat ions of  a l ternat ives.  The data are processcd using GIS ancl  MCDM tech-

liques to obtain informirtion ft lr rnaking the decisiorr. (ionscquently, the terms

GIS-bdsecl multicriteria decisirm analysis and sltatial mubicriteria analysis wrll

be used interchangeably.
Spatial mr-rlt icriteria decision analysis can be thought of as a process that

c. rmi ' , ines and t ransforms get lgraphical  data ( input)  in to e resLr l tant  decis ion

(outpr , r t )  (F igure 3.3) .  The MCIDM procedures (or  c lec is ign r r . r les)  def ine a

re la i ionship between the input  maps and rhe .utput  map.  The procedures

invctlve the uti l izitt ion of geographical data, the decision maker's preferences,

ancl the manipulation of the data and preferences accordir-rg to specified decision

rules. Tlrey ag€iregate rnulticl imensionalgeographical data and information irttrr

unid imensional  va lues of  a l ternat ive decis ions.  The cr i t ica l  aspect  of  spat ia l
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multicriteria analysis is that it ir]volvcs evaluation of geographical events based

on the criterion valucs and the decision maker's preferences with respect to a

set  of  evaluat ion cr i ter ia .  This  impl ies that  the resul ts  of  the analys is  depend

not only on the geogrilphical distribution of events (attributes) but also on thc

value iudgments involvcd in the decisiorr-making process. AccorclinglY, two

consideral.ns are .f crit ical importance f.r spatial multicriteria decisicln analy-

s is :  (1) the GIS capabi l i t ies of  data acquis i t ion,  s t ( ) regc,  ret r ieval .  mar-r ipul i r t ion,

and analysis, and (2) the MCDM capabil it ies for aggregating the geographical

data and the decision maker's preferences into unidirnerrsional values of altern:r-

t ive decisions. The large number of factors necessary to identify and consider

in rnaking spatial decisions and the extent of the interrelationships among these

factors caLrse clif l icult ies in decision making. The diff iculty is that in attemptrng

to acquire data and to process the data to obtain information for making

decisi<lns, the complexitlof the problem may require processing at a level t l.rat

exceeds a decision maker's cognitive abil it ies. To this end, the role of GIS

and MCDM techniqr-res is to support the decision mirker in achieving greater

effectiver.ress and efficiency of decision makirrg while solving spatial dccision

problems.  I t  is  argucd that  the combinat ion of  GIS capabi l i t ies wi th MCDM

tech,,riqLres provides the decision maker with support in all stages of decision

making, that is, in the intell igerlce, design, and choice phirses of the decisit l l .t-

making process (see Sect ior l  2 .3) .

3.3.1 tormol Struclures

Based on the general classification Of MCDM problerns (see Section 3.2), the

sDar ia l  rnul t icr i ter ia  decis ion problems can be subdiv idcd in to two fundamental
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categories: spdtidl multiattribute and spatial multiobie ctiue decisirms ( Malczew-

ski  1999).  The tw.  . " t . fu . i . ,  are a lso referred to as spat ia l  MADM and spat ia l

MODM, respect ivc lY.
T h e M A D M a p p r o a c h e s a s s u m e t h a t t h e s e t o f a l t e r n a t i v e s i s s p e c i f i e d

.*pti.rrty. To formalize thc MADM problem, let the set of alternatives X bc

de'fined l,-t,"r,.,-r, of decision variables; that is, X : {*'* | i  : 7'2-'" ' 'm}'Thc

al ternar lves are represented by the set  ofcel ls  or  p ixe ls  in  a raster .GIS database

or a set of points, l ines, clr/and areal objects in a vector GIS. Thus the index

I indicates the location of the ith alternativc. For thc sake of simplicity wc usc

a single subscript tcl rndicate the location of an alternative. Thus each alte rnative

is describecl by means of its locati<tnal attribute (coordinate data) a.nd attribute

data (cr i ter ic ln val r . res) .  S incc the at t r ibutes serve as decis ion var iables,  we can

designate a critenon outcome (criteri<>n valuc) by x;,, which represents the level

of the ith attribute wrth respcct to alternative i. Hence an alternativc I c:rrl be

ch:rracterizcd bY the vector

x, , r  -  (J f i r ,x ,  ) , . . . ,xn, )  fc>r  i  :  1 ,2," '1n (3 '1 )

and the levels of attributes acr()ss an alternative arc rcprcsetlted by the vecttlr

The  i n ; ru t  da ta  f o r  spa t i a l  MADM Iequa t . i ons  (3 ' . 1 )and  (3 ' 2 ) l can  be  o rga -

nized in iabular f.r.,r-r iTrbl.3.2). The table, als. refcrred to as 21 decisittn,

eudlttdtion, <tr inltact 
'matrix, 

shows tl.re alternative-attribr-rte relati<lnships'

The rclws of the matrrx represent the alternativcs (geographical entit ies)' Each

altern:rrive is described by its locational (coordinate) data and attributc data

or attributes. Each attribute accounts for a ccllumn in thc decision rnatrix fclr

t h e M A D M p r < l b l e r n . I t i s u s u a l l y d e s i r a b l e t h a t t h e c c l l u m n l a b e l s r e p r c s e n t
:; ind.p.n.l"nt" qualit ies in the coil.quial sense of the tcrm; that is, the entries

ir.r clne column are not predictably ,.. l l"t.d to th()se i 'r antlther by the inherent

srructure or fclrmulatiol crf the problcm. The cells 9f t l.re matrix coltain the

me asured or assessed values of atiributes with respect to the alternatives' Notice

K , , 1 -  -  ( x 1 7 , J C : . i , . . . , x , , )  f ' ' t t  i : 7 , 2 , " ' t n

IABt t3.2Mo| l ixo| theA|r ibute-Aherno| iveRe|o| ion|oroMADMProb|em,

Attrihute I Altrihute 2

Alternotive I
Alternotive 2

Altenolive n

( - r .2)

Attrihute n

x t u

!':

, .n, .  score f<rr  the r th a l ternat ive wi th respect  to thc l th at t r ibute \ i  -  1,2," ' ,  m; i  = 1,2," ' ,n) '
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that thc matrix has a structure sir-nilar to that of the geographical d:rta rnatrix

(see Sect ion 1.1) .  The input  data to a spat ia l  mul t ia t t r ibute problem have a

.,r-,o.rnly r-rsecl map l,,y.r rt.u.trre (sec Figure 2.-5). The data consist of a set

of n data laycrs, ar]d each objcct in the data layer c<lntains an attribute value.

Each object  (e.g. ,  rastcr  or  polygon) in  the map layer  can.be considered as i l

decision alternirt ive, 9r the alternatives can be determincd as a combinatigl

of  Objects (poi r r ts ,  l ines,  and/c l r  polygons) .  In  a; rar t ic t l lar  decis ion s i tuat ion

the set  of  a l tcrnat ives can be l imi ted by imp<ls ing constra ints  on the at t r ibute

values (aspat ia l  constra ints)  or  9n the locat ional  at t f ibutes (spat ia l  constra ints) '

For exar-nple, all rasters containing attribute values (e.g., slope) €lreater than

some thre.shold (e.g., 20'1,) can be eliminated fror-n the set of feasible alterna-

r ives.  or  ce l ls /a l ternat ives located wi th in 2-5 km of  a h ighway can be excluded

fr< lm the set  of  feasib le a l tcrnat ives.

Giver-r thc input clata, the problent is to arggrcgatc the map layers accordir.rg

to a decisit l l  .r-,1. ,,, that the "best" alternative can be selected. The perfornlance

0f  an a l rernat ive depends nor  only  on the level  Of  the at t r ibute by which an

alterr-rative is cl.raracterized but also invcllves the decision maker's prefcrences

with respect to the evaluatit ln criteria (attributes). The preferenccs are cclntained

in the clecisi<ln rule. This means that the criterion (decision) outcomes comLtitre

the value of the evaluation criteria and the pref'erences assigned tcl the critcria.

Hence, in most general terms, the MADM problerl can be defined as follows:

[ )ec is i t ln  ru le:

l x11rx ,2 r . . . . x in  I  * , ,  g  X ,  i  -  1 ,2 , . . . rm1 (3 . .1 )

This cxpression can be interpreted as follows: Apply the decision rule to choose

the besialternative (ro order the alternatives x;',) in the set of feasible alternatives

X,  according ro the values of  the z at t r ibutes (see chankong and Haimes l9u3) .

Unl ikc Meuv approaches,  the MODM methods make a d is t inct ion be-

tween the concept decision variables and the decisign criteria (see Secti6n

3.2.1). These twir elcn.renrs are related to one another by a set of objective

f.rr-r.t i.rnr. Also, the set ()f alternatives is defined in terms of causal relatit lnships

and consrraints on the decision variables. The alternatives are implicit ly defined

rather than given explicit ly as in the case of M ADM. Frorn thc MODM perspec-

tive the .ttributes can be viewed as rneans or information sources available tcl

the decision maker for f<trmulating and achieving his or her obiectives (Starr

and Zeleny 1977). ln  other  words,  thc obiect ives are funct ional ly  re lated t t l

gr derivcd from s()me of the attributes. (ionsequerrtly, the input data to spatial

MODM problcnrs can be srored in  GISs in the form of  map layers.  Each map

layer coniains a sct ctf objects that are considered as elements of an alternative'

The alternatrves are derived from thc map layers by definir-rg the relationship

between the Obiectivcs and the unclerlying:lttr ibutes of the tlbjects contained

in geographical space. since the relationships are defined irnplicit ly as decision

u"iinbi., assigned ro rbiccrs, the alternatives have to be generated. The input
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map layers have to be processed to obtain a set of altcrnatives. lt is irnportant

,u n,,r. that the process typically requires an algorithm specifically designed

to rackle MODM problems.  Usual ly ,  i t  is  not  possib le to use the standard

( fundamental )  set  of  operat ions avai lable in  GlSs to generate the spat ia l  mul t i -

obiective alternatives (see Chapter 2 ft>r a discussion of fundamental opera-

t ions) .  The spat ia l  mul t iob iect ive analys is  goes far  beyond the standard GIS

ro9ls,  such as map over lay techniques (Macmi l lan and Pierce 1994;  Bender

arrd Sin. ronovic 1995;  Malczewski  and Ogryczak 19961.

To fonnalize the MoDM problem, let us denote an obiective by fr (& -

1,2, . . . .q) . l t  is  assumed that  the decis ion maker 's  gbiect ivcs are funct ional ly

re lated ro thei r  under ly ing at t r ib l l tes,  that  is ,  k  e {1 ,2, . . . ,2} .  I f  the at t r ibute-

crbjective relatiorrship is representedby f, i - f ik,,), we can de6ne the follow-

lng vectors:

f , ,  :  (  f , , ,  f t , . . . , f i r )  for  i  :  1 '2 , . . . ,n t

f * , :  ( f , , ,  f . , . . . . , f - , )  for  i  :  7 .2, . . . ,q

( 3 . 4 )

(3 . -5 )

Eqr. rat ion (3.4)  ind icates that  each a l ternat ive,  i ,  is  evaluated on the basis

of a ser of objectives that are functionally related to the underlying attributes.

On the gther  harrd,  the value of  the obicct ive funct ion,  f ; ,  acr<lss a l l  a l ternat ives

is  represented by the vector  in  equat ion (3.5)  (Starr  ar- rd Zclerry  1977)-  Simi lar

to MA[)M, the MODM problerrrs can be represented in the form tlf a m:rtrix

(Table 3.3) .  The matr ix  represenrs typ ical  object ive-a l ternat ive rc lat ionshiPs

for the MODM prgblem. The r1lw of the nlatrix shows alternatives, and the

celumn 6f  the rnatr ix  conta ins objcct ives.  The matr ix  ce l ls  conta in the obiect ive

functiclns that describe the alternatives in terms of a set clf measured or assessed

values of attributes with respect to the alternatives. Notice that in the MODM

ar.rrrlysis the attributes can be organized in GISs usir"rg the map layer structure

t sec  F ig r r r c  2 .5 ) .
L ike MADM, the MoDM problem involves the decis ion maker 's  prefer-

ences. The preferences are contained in the multiobjective decision rule that

con.rbines tfre input data (geographical data and data on decisi<'rr.r nlaker's

oreferences) into a composite score (criterion clr obiective outcomes) with

i . rp. . ,  to  each feasib le a l icrnat ive.  Given a decis ion ru le,  the MODM problern

Ohiective 2 Obiective q

Alternotive I
Alternotive 2

Ahernotive n

f',
f',

IABTE 3.3 Molrix ol fhe 0biective-Ahernolive Relolion lor o M0DM Problem

Ohiective I

f,,,, f.u
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involves f ind ing the "best"  a l ternat ive (or  ranking the a l ternat ives)  in  the set

of  feasib le a l ternat ives X,  according to the values of  the obiect ive funct ions '  For-

mal ly :
Decis ion ru le:

( .1 .6 )

This cxpressi< ln c : tn be in terpreted as fo l l< lws:  Apply the decis ion ru le to cht lose

the best  a l ternat ivc (order  the a l ternat ives x," )  in  the set  of  feasib le a l ternat ives

X,  according tc l  the values of  the object ive funct i t lns '

3.3.2 [romework

Decisi1;l making is a process. lt involves a secluence of activit ies that starts

with decision ;,.,rb1.- recognition and ends with recommendilt ions' It is argued

that  the qual i iy  of  the decis ion ntak ing depends on thc secluence in which the

activit ies are r.rndertakcn. Tl-rere are a number of alternative ways to organlze

the sequence <lf activit ies in the decision-making process. According tcl Keenev

(1992), two major approaches include the dltentatiue-focus approach, whicl]

focuses on generati l lg of clecision alternatives, and the ualue-focuse d approttch,

wl.rich uses the values (evaluation criteria) as the funclamental element of the

clecisior-r analysis. The sequence clf activit ies invtl lved in these two apprclaches

is g iver- r  in  Table 3.4.  Compar ing these two approaches,  we can see that  the

cliffercnces between them are rclated to the cluestiorr <tf whether alternatives

shor-rlcl be generatcd first and then the vallre structure should be specified, or

.,rnu..r. ly,-the alterrratives are derived from the virlue StrLlcture' The general

'r irrciple f<lr structr-rring the decision-rnaking process is that the decisiorl alterna-

iiues shoLrld bc generated so that the values specified for the decision sitt lrt iorl

are besr  achieved (Keeney 1992).This impl ics that  the order  of  th ink ing focuses

first 9r-r what is desired arrd then on alternativcs to obtirin it. It is argued that

IABtt 3.4 (omporing Sequences of Acfivilies lor the Volue- ond Ahernolive-Focused Approoches

Step V olu e- F ocuse d Appro och Alt ernotiv e -F o cuse d Appr o o ch

I
2
.l
ll

.5
6

l )ccision problem recogt ' t i t ton
Spec i fy  va lues
Ciencrate alternativcs
Eva lua te  a l te rna t ives
Selcct an altcrnative
Recommendation

Dccision probler-n recognit ion
Identi fy alternatives
Specify values
Evaluate r l ternatives
Sclect an altcrnative
Reconrm etr cla t iotr

Sortrrc:  Bascd on Keency (1992, p.  49)
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values are lnore fr-rndamental than alternatives to a decision problenr. In other

words,  a l tcrnat ives arc the means to achieve the more fund:rmental  va lues.

Whar fo l lows is  a br ie f  d iscussiorr  of  a f ramewclrk that  is  < l rganized in ternts

of  the seclucnce of  act iv i t ies involved in spat ia l  mul t icr i ter ia  decis ion : rnalys is .

The frarnework is shown ir.r Figure 3.4. It integratcs the phasc model of decisiort

making (see Sect ion 2. -3)  ancl  the major  e lements of  MCIDM (see Sect ion 3.1) .

The framework is basccl on the value-focusecl approach. To this cncl, it is

worthwhi lc  to  l to t ice that  the value st ructure ( thc decis ion maker 's  goal ,  obiec-

tives, attributes, alnd associatecl prcfererrces) is representcd by the hierarchical

org i rn izat ion of  the colurnns,  whi le  the a l tcrn: r t ives arc representcd in  the rows

of  the decis ion rnatr ix  for  MCDM (sec Figure 3.1) .

P R O B L I M  D E F I N I T I O N

Any decis ion-making process begins wi th the recogni t ion and c lc f in i t ion of  the

dccis iorr  problcm. Broadly c lef ined,  the decis ion problem is  a perceived d i f fer-

encc betweerr the clesired and existirrg states of :r system. It is a "gap" between

the clesired ancl existing sti ltes as viewcd by a decision makcr. The prclblenr

Problem
Definition

[valuation
Criteria

Con5lraints

Decsron
Malr ix

Decision-maker s
Preferences

Decision
Rules

lntelligence
Phase
Gts

Design
Phase

MCDM

Choke
Phose

MCDMIGIS

FIGURI 3.4 Fromework for spotiol muhicrilerio decision onolysis.
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definit ion overlaps the intell igence phasc of decision making. Irr brief, the

intell igence phase involves searching the decision environment for conditions

cal l ing for  dcc is ions;  raw data are obta ined,  proccssed,  and cxamined for  c lucs

that  may ident i fy  opportuni t ies gr  problems (see Sect iqn 2.3 for  c lc ta i ls) .  The

GIS capabi l i t ies f r t r  data storage,  management,  manipulat ion,  and analys is

gffer rn:rjor supporr in the problem definit ign st:lge (see Section 2.2).

E V A L U A T I O N  C R I T E R I A
Once the decisi1;n problern is identif icd, the spatial multicriteria irr.ralysis focuses

<ln thc set  9f  eval r :at ion cr i ter ia  (object ives and at t r ibutes) .  To bc nr , ' rc  speci f ic .

rh is  srep invelves speci fy ing (1)  a comprehensive sct  of  object ives that  ref lects

al l  cgncerns re levant  to  thc decis iorr  problcm, ar td (2)  nrcrsures for  achiev ing

those <rbjectives. Such measures are called attrihtttes. A measurctnetlt scrtlc

mr-rst be established for each attributc. The degree to which the obiectives rrrc

ntet, :ts measurccl by the attributes, is the basis for con.rpraring alternatives. The

evl luat ig l  cr i ter ia  are associated wi th geographical  ent i t ies at rd re lat ic lnships

between entit ies and therefore can be represented in the ft lrm clf rnaps. There

are two types gf criterion maps. An eudluation criterion mdp rs J unlqtlc

geogra;,hii i l l  attribure of t l-re alternativc decisior.rs that can bc used to evaluatc

ihe perf,rrrl,ance of the alternativcs. A cozslrdint map displays the l imitations

<ln thc value that attributes and decision variables rlay i:tssume. Evaluirt it ln

critcrion lnaps are als<l referrcd t<t as attribute mil|)s (or thentatic mtt's or JitLl

layers in  GIS ternr inology) .  GIS data-hancl l ing and analyz ing capabi l i t ies are

lsed to generate inputs t< l  spat ia l  mul t icr i ter i l  c lec is iorr  ar la lys is .

ALTERNATIVES
As suggested earlier, the process of gcneratir.rg arlternatives shoLrlcl be basecl on

the vith.re structure and hc related to the set clf evaltrati<ln criteria. To each

alternative there is i lssigned a decisirtrt uariable. Variables are used by the

clecisi1;rr maker to measLlre the perfrlrmilnce of alternative decisions and in this

book wil l also bc called attriblrtes. A set of decision variirbles defirles the

tlecisictnspace. Depending on the prclblem situation, the clecisit lr l variables may

be determin is t ic ,  probabi l is t ic ,  or  l inguist ic .  In  a real -wor ld s i t t rat i r tn .  ver l '

few spatial c' lecision problerns can be considered uttconstrained. Constrainrs

,.pr.r.nt restrictions inrposed on the decision spacc. They detern.rine thc set

of feasible alternatiues. In terms of (l lS, the constraints are used to elir l inate

;roints, l incs, p<llygons and/or rasters characterized by certain attributes and/

or certain values of attributes from consideration.

C R I T E R I O N  W E I G H T S

At this sta€le, the decision maker's preferences with respect to the evah-ration

criteria are incorporated into the decision model. The preferences are typically

expressed in terms of the weights of relative importance assigned to the evirlua-
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t ion criteria r-rnder consideration. Broadly speaking, the purpose of criterion

(obiective ()r attribLtte) weights is to express the importance of each criterion

relative to other criteria. The derivation of weights is a central step in elicit ing

the decision maker's preferences. Given the set of alternatives' attributes, and

associated weights, the input data can be organizec'l in the form of a decision

matr ix  or  table (see Figure 3.1 and Tables 3.2 and 3.3) '

D E ( I S I O N  R U L E S

This step brings together the results of the precedirrg three steps. Eventually,

the unidimensional measLlrements (geographic data layers) and judgrnents

(preferences and uncertainty) mr-rst be integrated to prclvidc an overall assess-

menr of the irlternatives. This is accornplished by an appropriate decision rule

or aggregation function. It is the decision rules that dictate hrlw best t<l rank

altenutives or to decide which alternative is prcferred to another. Specifically,

the decision rule orders the decision space by means of a one-tcl-one or one-

to-many relationship of outcomes tcl decision alternatives. This n.reans that a

given course of action (alternative) has a given and certain consequctlce (one-

,,,-n,.r. relaticlnship) clr unccrtain corlscqtlences (one-to-many relatiorrship)' A

c()nseclLlence is a result clf a decision taken by tlre decision maker' It is somctinrcs

referrcll to :ls a decisictn oLrtcoTne t'tr criterion outc()tne. Acc<lrdingly, the set

of clccisiorr conseqllences forms the decision (criterion) outcome spaic' Since

a decision rule provides an ordering of i l l l  ir l terr.ratives according to their perf,rr-

ntance with respect to the set of evaluation criteria, the decisi<ln problen'l

dcpencls on the selection of the best outcome (or an ordcred set of outcomcs)

and the ic lent i f ic : r t ion of  the decis ion a l ternat ive (or  a l ternatrves)  y ic ld ing th is

outcome (or t lutcornes).

S E N S I T I V I T Y  A N A T Y S I S

Subsecluent to obtaining a ranking tlf alternatives, sensitiuity dnalysis should

he performed tcl determine robustness. Sensitivity analysis is defined as a proce-

d.,.e for determining hclw the recommended course of action is affccted by

changes in the inputs of  the analys is .  To be more speci f ic ,  i t  a ims at  ident i fy ing

the eifects of changes in the inpr-rts (geographical data and the decision maker's

preferer.rce) on the outputs (ranking of alternatives). If the changcs do not

significantly affect the olrtputs, the ranking is considered t6 be robust. If the

a*..rl, result is found to be unsatisfactory' we may use informati<ln abotrt the

outpllt to return to the prtlblem formulation step. The sensitivity anil lysis can

be thought of as :rn exploratory process by which the decisi<ln makers achieve

" d..p,.i ,nderst.nding .f the strucrure 'f the problem. It helps to learn

how the variclus clecisior.r elements interact to detennine the most preferred

al ternat ive and which e lcments are imp<lr tant  s( )urces of  d isagreement  among

decision makers or interest groups.



Summory ond (ondusions 99

R E C O M M E N D A T I O N

The end result of a decisicln-rnaking process is a recornmendation for future
action. The recommendation should be based on the ranking of alternatives
ar.rd sensitivity irnalysis. It may include the description of the best alternative or
a group of alternatives considered candidates for impler-nentation. Visualization
techniques are of  ma jor  importance in present ing and communicat ing the resul ts
to decision makers and interest groups. The solutions to spatial multicriteria
decision problen'rs should be presented in both decision (geographical) space
and cr i ter ion outcome space.

Al though each stage of  the spat ia l  mul t icr i ter ia  analys is  involves both GIS
and MCDM methodologies, the stages differ in terms of the degree to which
these two methodologies are used. In the eirrl ier stages, GIS techniques play
the rnajor role (sce Figure 3.4), while in the latter stages, MCDM techniqr-res
are of major importance. This is related to the support offered by GISs and
MCDM dur ing the process of  making a spat ia l  decis ion.  The extent  to  whic l r
GISs support the three major phases of decision making (i.e., intell igerrce,
design, and choice) has been discussed in Section 2.3. We have also ernphirsized
that  a GIS should be considered as a specia l -purpose d ig i ta l  database in which
a common spatial coordinate system is the primary means of storing and
accessing data and processing the data to obta in in format ion for  decis ion
making : rnd that  an u l t imate a im of  a GIS is  to prov ide support  for  making
decis ions.  This can be achieved by in tegrat ing the MCDM and GIS capabi l i t ies.
MCDM provides a methodology for guiding decision r-r-raker(s) through the
crit ical process of clarifying evaluation criteria (attributes and/or objectives)
and of  def in ing values that  are re levant  to  the decis ion s i tuat ion.  When spat ia l
decis ion making typ ical ly  involves a large number of  a l ternat ives evaluated
on the basis  of  mul t ip le and conf l ic t ing cr i ter ia ,  some systenrat ic  rnethod of
ident i fy ing the best  a l ternat ivcs (of  c lass i fy ing or  ranking the a l ternat ives)  is
required. MCDM methods are designec'l to help the decision n'raker under
tl.rcse conditions. They provide the means of performing complex trade-offs
on mul t ip le evaluat ion cr i ter ia  whi le  tak ing the decis ion nraker 's  preferences
lnt ( )  account .

S U M M A R Y  A N D  C O N C I . U S I O N S

In  th is  chapter  wc have rev iewed and c lass i f ied the key components of  MCDM
problen-rs. In the rnost general terms, MCDM prclbler-ns involve a set of alterna-
t ives that  are evaluated on the basis  of  conf l ic t ing and inc<lmmensurate cr i ter ia .
A criterion is a generic term that inch"rdes both the concepts of irttr ibute and
object ive.  Accordingly ,  two broad c lasses of  MCDM can be d is t inguished:
MADM (mul t ia t t r ibute decis ion rnaking)  and MODM (mul t iob ject ive decis iorr
making) .  The cor lp lex i ty  of  i l  par t icu lar  MCDM (MADM or MODM) problenr
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depends ( )n thenun lbe rc l f peo ; l l e ( i n te res tg roups 'dec i s i t l nn rake rs ) i r r v t l l ved
in the decisi.n-*"t ing p.,r.!r, "nd the data an.1 inf.r.tr.r"t ion available to tackle

thedecis ionproblem'Toth isend'MCDMcarrbecategor izedassingle-decis i t l r r -
;;k;. p..rbi.*, and group decision problems' and thcse two categories crn'

;;";r;,r: be subdividei i 'r. deterrnir"ristic, probabil istic, and fuzzl' decisions'

' l 'he 
cleterr' inistic decisic,n ftt ' f ft-t ""u'. '- ' t 'hn'the rcquired data and informa-

tion are knclwt] -i,r-, ."r,"i*y ancl that there is a known deterr-ninistic relation-

ship between every decision i lncl the correspclncling decision conse.quence' Prclb-

abi l is t ic  analys is  deals wi th the decis ion s i tuat ion under uncer ta inty  about  thc

state of the envir.nment and about the relationships between the decision and

ii. .,rn.".1,.,.n..r. Wh.r.as f robabil istic analysis treats Lr'cert:rinty as randfl-

tr.* "ta i ik.l ihuu,l, fn,, 'y "t analysis deals with the typc of uncertainty essocr-

r tcd wi th imprecise i r r [ornt l t ior t '

T h e c o m b i r r a t t o n o f G l s a n c l M C D M c a p a b i l i t i e s i s o f c n t i c a l i m r l l l t l ; e
inspat ia lmul t icr i ter iaanalys is .Glss.prc lv idethecapabi l i t iesofdataacquls l t lon '
Storage' retrieval, *"n,put^,ion, and.analysis <lf the data tcl obtain inforn-raticln

for making clecisttlns' H.'*tutt, GIS systems have a l imited capabil ity irs far

a s t h e a n : r l y s i s o f t h e v a l u c s t r u c t u r e i s c o n c e r n e d ' T h e M C D M t e c h r r i q u e s

;;.-td.;-; i,-t, r,r, aggregating the geographical data and the decision maker's

preterences rn,., .,n,., i-J.nliun"i url,-re ,r, uti l i ty of altcrnarive decisi..s' Based

il; i l ;.t i ;;;:;;;; t;nve'ti,nal MCDM structure' a framew.rk for ciIS-

based (or sparial) ,.,",,,t i i .r it.r i^ decision analysis has been devcloped. The frame-

wclrk c.nsists of a sequence of elements, including problem definit ion' evalua-

t i o n c r i t e r i a ( o b j e c t i v e s a n c l / o r a t t r i b u t e s ) , a l t c r n a t i v e - s , . c o n s t r e l n t l n J p s t
decision.mak., p,.f...,- ' ..s, decisiorr rules, sensitivity analysis, and recommen-

dation. In the followi,-rf .n"p*r, of part i l , the comp<)nents of spatial multicrite-

ria analysis are consiclered in depth'

R E V I E W  O U E S I I O N S

l . ( . l r s s i f y M C D M p r t t b l e m s r c c t ' r d i n g t o t h e m e e n i n g ' r f c v l l u a t i o n e r i t e r i r '
the number of decision makers involvcd in the decision-making process'

and the amount t ' f inft"-"t ion available to decision makers'

2 . D i s c u s s t h e m a i o r d i f f e r e r r c e s b e t w e e n c o n V e n t i ( ) n a l M C D M i l n d s p a t i a l
MCDM.

-3.  Def ine the concepts of  MCDM' MODM' and MADM'

4. l)efine the rnalor elements of spatial multicriteria analysis' Identify the role

of GIS and MCDM techniques in each stage of the analysis'

5 .Co rnpa re thedec i s i onmat r i x ,geog raph i ca l c l a tama t r i x ,andspa t i a l i n te rac -
rion matrix (r.. Fi;;;; i . i  ". i:. i f . identify the si ' i larit ies and differences'

why i s i t use fu l t oo rgan i ze the inpu t< la ta f c l r r nu l t i c r i t e r i adec i s i ona r ra l ys i s
i n  I  r n l t r i x  f o rma t?


