|ndexing Environmental Data Quality
A Multiple CriteriaDecision-MakingApproach

RanjanMaitra

Departmenbf MathematicsandStatistics
University of MarylandBaltimoreCounty
www.math.umbc.ed(~maitra

Joint with Bimal Sinha,UMBC & Phil Ross USER

44 <« » »» B 2?2 1N

TIES 2002 — p.1/25


http://www2.stat.unibo.it/ties2002/
http://www.math.umbc.edu/~maitra

Outline
IntroductionandBasicGoals

Multiple-Criterion Decision-Making

Philosoply, FormulationandExtensions

Applicationto EnvironmentalDatasets
Toxic Releasdnventory(TRI) Database
United NationsHEI Data

US StatedDataon Air, Water Land Quality

ConclusionaandFutureDirections

<<« < > >> B ? | TIES2002 —p.2/25


http://www2.stat.unibo.it/ties2002/

Introductionto the Problem
Have severalindicatorson dataguality

Alir, waterandlandernvironmentalquality indicators

Measurementen release®sf effluents

Wantindex of overall environmentalquality
How dowe combineseveralmeasuresbjectvely?

Canindicatorsimprove programplanning,implementation

andassessment?

Do similar stategperformsimilarly?
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An lllustration

Environmentalindicatorson stateair, land, waterquality

and Pollution. 19989

-Adr Pollotion. 1995

A ater Pollodon.
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CombiningDifferentindicators:Options
Averagethedifferentindicators
e.g. UN HumanEnvironmentallndex (HEI) data
very simpleandstraight-forvard

differentindicatorshave differentunits.
ScalingandAveraging

Usedatato objectvely derve commonindex
basedn actualobsernedbehaior of data

canbeusedfor mary kindsof data
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Multiple CriteriaDecision-Making:BasicGoals
Low values— goodperformance
no entity outperformsothersfor all indicators

no entity underperformsothersfor all indicators

Quality indicatorsareof varyingguality
e.g. TRI database

Wantto weightindicatorsappropriately
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MCDM — An lllustration
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Multiple CriteriaDecision-Making:Philosoply
Wantto combineenvironmentalindicators

usedatato defineideal/anti-ideal state

data-drven, but doesnot needto be
measurealeviation of eachentity from ideal/anti-ideal

derwe final index for eachentity

eachfactoris weightedby importance

canranksitesaccordingo final dervedindices
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Multiple CriteriaDecision-MakingTechnique- |
Definingtheideal/anti-ideal:
DataX = ((X;;)): Xi; = jthindicatorvaluefor :th entity

Ideat A = {A1,Ag, ..., Ak} Wheren; = A\ X,
— i

Anti-ideal V = {V1,Va,...,Vk} wherev, =\/ X;;
Calculateentity distancgrom ideal/anti-ideal:

Lol V) = 3wy Eams G ) = 5 ey Gyt

Jj=1 Z X’L2.7 g=1 Z X2

weightsw;slie betweer() andl; canbechosenn mary ways

canusenormsotherthan L,
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Multiple Criteria Decision-MakingTechnique—
1

Choosingweights

Severaloptions:eg. Shannors entropy

N N
Obtainqu — = Z Dij logpz-j — log N; Dij = XZ]/Z Xz'j
1=1 1=1
¢S measurelosenesamongproportionsfor eachindicator

* ¢, large — largevariationamongentities:useful indicator

*  ¢; =1 < novariationin indicatorvalues:not useful indicator
N
Choosev; = (1 —¢;)/>_ (1 — ¢;)
7=1

. . . . . L (i,A)
Derive overall entity indicesr; = 372

useoverall indicesto rankfacilities/entities
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Applicationto EnvironmentalDatasets
Releasesf 17 toxic chemicalqTRI, 1987-99
UN HEI dataon air, landandwaterquality
Air: sum% renavableenegy useto total consumption

Land: % undomesticatethnd (USGS)

Water: sum% annualwithdrawvals of waterresources

US Statesdataon air, landandwaterquality
Air: AnnualPollutantEmissiongn Ibs. (EPA AIRDATA)
Land: TRI Landreleases]999.

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

Mean TRI Indices: Year 1987
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. TX (0.52),PA (0.29),0H (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

1 TX (0.41),NJ(0.33),0H (0.31),KY (0.27),CO (0.27)

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

Mean TRI Indices: Year 1989
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1 TX (0.53),NJ (0.36),0H (0.32),PA (0.24),IN (0.24)

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

Mean TRI Indices: Year 1990

1 TX (0.46),PA (0.42),0H (0.29),MT (0.25),IN (0.24)

Lowest DC (0.00),VT (0.00),HI (0.00),NM (0.00),SD (0.01)
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Applicationto TRI Data

Mean TRI Indices: Year 1991
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1 TX (0.45),AL (0.43),PA (0.30),IN (0.27),0H (0.24)

Lowest DC (0.00),VT (0.00),HI (0.00),NM (0.00),ND (0.00)
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Applicationto TRI Data

Mean TRI Indices: Year 1992 Overall TRI Ranks: Year 1992
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1 AL (0.45),TX (0.42),PA (0.27),0H (0.18),IN (0.18)

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

Mean TRI Indices: Year 1993

: TX (0.47),MO (0.33),NC (0.30),IN (0.24),0H (0.23)

Lowest DC (0.00),HI (0.00),VT (0.00),WY (0.00),ND (0.00)
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Applicationto TRI Data

Mean TRI Indices: Year 1994 Overall TRI Ranks: Year 1994
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1 TX (0.47),AL (0.36),IN (0.28),CA (0.19),0H (0.17)

Lowest DC (0.00),VT (0.00),HI (0.00),ND (0.00),e WY (0.00)
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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 §) Guatemala | 0.80 103 103
Azerbaijan 0.21 4 7 SriLanka 0.80 102 75
Bulgaria 0.22 5 9 El Salhvador | 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 Uruguay 0.77 98 72
TheNetherlands| 0.27 9 Albania 0.77 97 57
Turkmenistan 0.29 10 11 TheCongo | 0.76 96 95

Highest-andLowest-ranked countriesof theworld
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StatesAir, Water Land Quality Data

Mean Environmental Indices State Environmental Ranks
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1 MS (0.55),WV (0.51),SC(0.49),DE (0.38),NJ (0.34)

Lowest WY (0.02),SD (0.02),NM (0.03),HI (0.04),CO (0.04)
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Analysisof States

Doesrankingall stateggive usthe most
Information?

differentstateshave differentcharacteristics

populationdensitiesJanduse,economyary
Clusterstateanto homogeneougroupsbasedn
populationdensity

couldalsoclusteron characteristicsuchaseconomic

measuresalesof gasoline etc.

comparestatesn eachsubset
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StategGroupedby PopulationDensity

= Agglomeratve hierarchicaklusteringusing
average-linking
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MCDM on StateGroups

Groupl:
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),0K (.11),KY (.11),KS (.12),
WA (.12),MT (.13),0R(.13),VT (.14),TX (.15),
AL (.15),LA (.22),WV (.44),MS (.64)

Groupll:
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

cananalyzedataclusteredatregionallevel, etc.
Do groupsbehave differentlybecaus®f enforcement,
Implementationpolicy?
Canprovide indirectassessmerf dataquality

why doesoneentity behae differentlythanothersvery

muchlike it?

canidentify facilitieswith aberrantiata
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