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Introductionto theProblem

Have severalindicatorsondataquality

Air, waterandlandenvironmentalquality indicators

Measurementson releasesof effluents

Wantindex of overall environmentalquality

How do wecombineseveralmeasuresobjectively?

Canindicatorsimprove programplanning,implementation

andassessment?

Do similar statesperformsimilarly?
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An Illustration
Environmentalindicatorson stateair, land,waterquality
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CombiningDifferentIndicators:Options

Averagethedifferentindicators

e.g. UN HumanEnvironmentalIndex (HEI) data

very simpleandstraight-forward

differentindicatorshavedifferentunits.

ScalingandAveraging

Usedatato objectively derivecommonindex

basedonactualobservedbehavior of data

canbeusedfor many kindsof data
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Multiple CriteriaDecision-Making:BasicGoals

Low values goodperformance

no entity outperformsothersfor all indicators

no entity under-performsothersfor all indicators

Quality indicatorsareof varyingquality

e.g. TRI database

Wantto weightindicatorsappropriately
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MCDM – An Illustration
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Multiple CriteriaDecision-Making:Philosophy

Wantto combineenvironmentalindicators

usedatato defineideal/anti-ideal state

data-driven,but doesnotneedto be

measuredeviationof eachentity from ideal/anti-ideal

derive final index for eachentity

eachfactoris weightedby importance

canranksitesaccordingto final derivedindices
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Multiple CriteriaDecision-MakingTechnique– I

Definingtheideal/anti-ideal:

Data
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:

� �	 � �

th indicatorvaluefor
�

th entity

Ideal:

 � ��� ��� � ��� � � � � � �

where
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Anti-ideal:

� � ��� ��� � ��� � � � � � �
where
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Calculateentitydistancefrom ideal/anti-ideal:

��� ��! " #%$ &
')( * + ',-/. 01 2 0 3 4576098 : - 4. 0 ; � � � � ; #%$ &
')( * + ', -. 01 < 0 3 456098 : - 4. 0

weights + 's lie between0 and1; canbechosenin many ways

canusenormsotherthan

���
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Multiple Criteria Decision-MakingTechnique–

II

Choosingweights

Severaloptions:eg. Shannon’sentropy

Obtain

= '$ > ?
@( * A @ 'BDC E A @ ' > BDC E FHG A @ '$ I @ 'J ?
@( * I @ '

=

smeasureclosenessamongproportionsfor eachindicator

K LNM large O P largevariationamongentities:useful indicator

K LQM R �TS no variationin indicatorvalues:not useful indicator

Choose U	 � �V W X	 
Y Z
	\[ � �V W X	 


Deriveoverall entity indices ] � � ^H_ ` �ba c d^H_ ` �ba e dgf ^H_ ` �ba c d

useoverall indicesto rankfacilities/entities
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Applicationto EnvironmentalDatasets

Releasesof 17 toxic chemicals(TRI, 1987-94)

UN HEI dataonair, landandwaterquality

Air: sum% renewableenergy useto total consumption

Land: % undomesticatedland(USGS)

Water: sum% annualwithdrawalsof waterresources

US Statesdataonair, landandwaterquality

Air: AnnualPollutantEmissionsin lbs. (EPA AIRDATA)

Land: TRI Landreleases,1999.

Water: surfacewaterqualitydata,1999(Env. Def.)
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Applicationto TRI Data

Mean TRI Indices: Year 1987
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Highest: TX (0.52),PA (0.29),OH (0.24),NJ (0.28),IL (0.27)

Lowest: DC (0.00),HI (0.00),NV (0.00),NM (0.00),SD(0.00)
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Applicationto TRI Data

Mean TRI Indices: Year 1988
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Applicationto TRI Data

Mean TRI Indices: Year 1989
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Applicationto TRI Data

Mean TRI Indices: Year 1990
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Applicationto TRI Data

Mean TRI Indices: Year 1991
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Applicationto TRI Data

Mean TRI Indices: Year 1992
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Applicationto TRI Data

Mean TRI Indices: Year 1993
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Applicationto TRI Data

Mean TRI Indices: Year 1994
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Countries’HEI Data

Country MCDM MCDM HEI Country MCDM MCDM HEI

Mean Rank Rank Mean Rank Rank

Moldova 0.14 1 1 CostaRica 0.89 106 106

Trinidad Ghana 0.81 105 102

& Tobago 0.17 2 2 Bangladesh 0.80 104 76

Ukraine 0.19 3 6 Guatemala 0.80 103 103

Azerbaijan 0.21 4 7 Sri Lanka 0.80 102 75

Bulgaria 0.22 5 9 El Salvador 0.80 101 87

Hungary 0.24 6 3 Cameroon 0.79 100 101

Uzbekistan 0.26 7 10 Peru 0.77 99 100

Belgium 0.26 8 5 Uruguay 0.77 98 72

TheNetherlands 0.27 9 4 Albania 0.77 97 57

Turkmenistan 0.29 10 11 TheCongo 0.76 96 95

Highest-andLowest-rankedcountriesof theworld
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StatesAir, Water, LandQualityData

Mean Environmental Indices
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Analysisof States

Doesrankingall statesgiveusthemost

information?

differentstateshavedifferentcharacteristics

populationdensities,landuse,economyvary

Clusterstatesinto homogeneousgroupsbasedon

populationdensity

couldalsoclusteron characteristicssuchaseconomic

measure,salesof gasoline,etc.

comparestatesin eachsubset
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StatesGroupedby PopulationDensity

Agglomerativehierarchicalclusteringusing

average-linking
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MCDM onStateGroups

GroupI:
WY (.02),SD(.03),NM (.04),CO(.04),AL (.04),

NE (.05),AZ (.05),NV (.07),IA (.07),MO (.07),

AK (.07),MN (.08),ND (.08),ID (.08),UT (.08),

ME (.09),WI (.09),OK (.11),KY (.11),KS (.12),

WA (.12),MT (.13),OR(.13),VT (.14),TX (.15),

AL (.15),LA (.22),WV (.44),MS (.64)

GroupII :
GA (.01),CA (.01),IL (.05),NC (.07),HI (.08),

IN (.08),TN (.09),FL (.10),MI (.12),PA (.13),

OH (.18),NH (.25),SC(.26)
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MCDM: ConclusionsandFurtherWork

MCDM is scientificandflexible

Canbeusedfor decision-making

cananalyzedataclusteredat regionallevel, etc.

Do groupsbehave differentlybecauseof enforcement,

implementation,policy?

Canprovide indirectassessmentof dataquality

why doesoneentity behavedifferentlythanothersvery

muchlike it?

canidentify facilitieswith aberrantdata
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