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A/NA, H.Zetterstréom

Behovsanalys och statistiska beslutsregler.

I det f6ljande presenteras tvd uppsatser som relativt Gversiktligt behandlar s.k.
flermlsproblem, problem som praktiskt taget undantagslost moter beslutsfattare och
deras statistiska konsulter nir de forsoker definiera statistikbehov utifrdn praktiskt
beslutsfattande.

I den forsta uppsatsen "MAl, konsekvensvirdering och statistiska beslutsregler”,
redovisad vid det nordiska seminariet om den offentliga sektorns statistik, 1989-05-30,
behandlas konsekvensvérderingsteknikerna summariskt och tyngdpunkten ligger vid att
visa hur brister i mél- och beslutsformulering ger utslag i osdkerhet vid tilldmpningen av
statistiska beslutsregler, speciellt for de frekventistiska hypotesprovnings- och konfi-
densintervallteknikerna. I férlangningen leder detta d& ocksa till irrelevant statistik-
forsdrjning inom de olika politikomrédena.

I den andra uppsatsen "Value trade-off in Swedish environmental decision making",
presenterad for finska, ungerska och svenska miljdstatistiker oktober 1988, ligger
tyngdpunkten pa beskrivningen av de olika konsekvensvirderingstekniker som
utvecklats, cost-benefit, cost-utility och cost-effectiveness analys. Exempel och
tillimpningar dr specifika genom att de alltid innefattar delmal eller konsekvenser i form
av miljopdverkan, men presentationen av teknikerna ér allmén-giltig. Miljokonsekvenser
forekommer vid beslutsfattande inom de flesta politik-omr&den, ett férhdllande som
sdvil 1983 4rs naturresursutredning som Brundtland kommissionen poédngterat.






A/NA, H. Zetterstrom

Mélformulering, konsekvensvirdering och statistiska beslutsregler.
Inledning.

1. Det hir dr ett inldgg i den diskussion som programkommittén rubricerat
"Utvirdering genom métningar av méluppfyllelse och effekter - vad kan
statistikern bidraga med?". Mitt svar &r att statistikern kan bidra med statistiska
beslutsregler for att hjdlpa beslutsfattare att med ndgorlunda kontroll utvirdera vad
som 4stadkommits mot vad som &syftats. Riskanalys och risk management dr de
mer vanligt forekommande begreppen for detta.Underforstatt ligger ocksa i detta
att vara behjéilplig med att ta fram dataunderlag rent praktiskt.

2. Mélformuleringar &r ofta s 6versiktligt formulerade att de miste omdefinieras
eller preciseras for att kunna ge féste &t konkreta utvirderingar. Det giller inte bara
att kunna definiera mélen s8 att de blir métbara utan kanske framforallt att definiera
dem s att man kan ta stillning till vilka konsekvenser som str p4 spel om man tar
fel vid utviirderin-gen. Ett naturligt sétt att bryta ned eller precisera mal dr att
formulera de olika handlings-alternativ som utnyttjas eller kommer att kunna
utnyttjas for att successivt realisera mélen och att formulera deras troliga
konsekvenser. Statistisk beslutsanalys dr inriktad mot denna typ av praktiskt
handlande. Det 4r den niv4 didr man som beslutsfattare har chans att med nigon
insikt kunna ta stillning till vilka risker man &r villig att ta.

3. Nédr man formulerar beslutssituationer och handlingsalternativens konsekvenser
finner man praktiskt taget alltid sdvil positiva som negativa konsekvenser i
varierande utstrickning hos de olika alternativen. Man befinner sig i en
flermélssituation och stélls mycket patagligt infor kravet att vérdera de olika
konsekvenserna mot varandra. Hir finns tre olika typer av tekniker utvecklade for
detta, cost-benefit, cost-utility och cost-effectiveness analys

Malformulering.

4. Min erfarenhet av malformuleringar i offentlig verksamhet hanfor sig till
studium av allménna utredningar och av myndigheters anslagsframstéllningar inom
ett fatal om-rdden, samfirdsel, energi samt hilso- och sjukvérd. Syftet har alltid
varit att fa ett grepp om hur en realistisk malpreciseringsprocess ger upphov till
konkreta beslutssituationer, s konkreta att statistiska beslutsmodeller skall kunna
utnyttjas. En allmén iakttagelse &r att m&lformulering sker pA SOU-nivd men att de
dir definierade mélen 4r svdra att ateruppticka p&d myndighetsniva, de terkommer
Atminstone inte i besldktad terminologi. En annan iakttagelse ar att
mélpreciseringen inte genomfors efter den for programbud-geteringen centrala mél-
/medelprincipen. Man undviker med andra ord att ndrmare ge sig in p& hur man
tinker sig att realisera mélen, med vilka medel, med vilka tidsetapper, med vilka
avvigningar mellan konkurrerande mél.

5. L&t mig forst konkretisera det nyss sagda med exemplet HS-90, Hélso- och
sjukvarden infor 90-talet, Socialstyrelsen 1985. Dér formuleras mélen,

- ldngre overlevnad,

- botade patienter,

- mindre lidande,

- livskvalitet,



- Okad trygghet. . . . -
Om man skulle f6lja en strikt programbudgeteringsteknik operationaliserade man

successivt dessa allmiint definierade mal genom att stilla dem mot en
medelsstruktur i vid bemiirkelse, dvs en organisation linjerad efter de olika
kompetenser som bedoms behovas for att tackla de olika mélen. Idealt sett
resulterar detta i en uppsitming konkreta,kortsiktiga verksamhetsmél formulerade i
och for daglig verksamhet i samstdmmighet med 6vergripande mal, formulerade av
de olika ing&ende aktdrerna.

6. Det gér man inte men man anger i grova drag en tinkt organisationsstruktur,

- primérvérd,

- ldnssjukvérd,

- regionsjukvérd,

och for denna anger man vissa kvalitetsdimensioner som skall gélla, ndimligen,
- tillgénglighet,

- kontinuitet,

- medicinsk kvalitet,(diagnostisk och terapeutisk kompetens).

Aterstar allts3 att sammansmalta dessa allmiint formulerade mal och allmint
formulerade krav till en mél-/medelmatris ur vilken man kan avldsa operativa
effektmtt.

7. Nu har man redan i HS-90 formulerat vissa effektmatt, men p8 ett implicit sétt.
Man har angivit till milen horande effekter och effektmatt, ndmligen

- prevention(identifierade riskfall som ej "resulterat"),

- bot(antal botade utan iterfall inom....),

- lindring,(antal behandlade enl. god sed),

- omvérdnad(antal virdade enl. god sed),

- rehabilitering(andel rehabiliterade av ant. handikappade)

Uppradat p& det hér séttet syns det inte helt klart att beslutsfattare kommer att
stillas infor svdra avvignings- eller virderingsproblem nér de skall prioritera
mellan olika handlingsalternativ. Visserligen ger utredningen vigledning i form av
ett antal program som skall prioriteras, ndmligen programmen for

- skadeforebyggande,
- psykiatrisk vard,
- rorelseorganens sjukdomar,

och 1 form av en ny allménprincip for anslagsgivningen till sjukvarden,
- anslagen skall baseras pé riskfall och inte pd prestationer,

en princip som uppenbarligen prioriterar preventionsaspekten.

Men livet skall ju g& vidare dven utanfor just dessa prioriterade program.
Beslutsfattare kommer inte undan att véiga handlingsalternativ utifrdn alternativens
skilda profiler 6ver den angivna uppsittningen effektdimensioner och det ir inte
troligt att dessa vérderingar skall vara desamma inom primér-, ldns- och
regionsjukvard. Man har olika roller att spela.

8. Vad jag har sett av utvirderingar inom det medicinska omrédet, visserligen inte
sdrskilt mdnga, missar att finga upp en mer varierad mélbild av den art som HS-90
for fram och doljer ddrmed de virderingsproblem som faktiskt moéter pd operativ
niv3. Vad som utvérderas 4r en enstaka primédreffekt och inte varierade
flermAlseffekter. En trolig forklaring kan vara att utvirderingarna inte explicit
inriktas mot konkreta &tgérder utan mer tar formen av situationsbeskrivningar.



Genom att i utredningar typ HS-90 inte tydligt fora fram mél i mer eller mindre
noggranna men dndé tydliga mél-/medelmatriser missar man visentlig piverkan pa
sektorledande myndigheter och andra offentliga institutioner att utveckla
mdlbilderna i egen verksamhet och att utviirdera verksamheterna pi ett sitt som ger
utrymme for konkret riskanalys, dvs i form av utviirdering av identifierade
handlingsalternativs konsekvenser.

9. Vad giller omrédet energif6rsérjning finner man en likartad struktur om man
studerar "ENERG]I, Betinkande av energikommissionen ",SOU 1978:17. En
omfattande mélstruktur presenteras separat frdn en likasd omfattande
dtgirdskatalog. Tydligast framkommer detta ndr kommissionen presenterarar fyra
framtida energiforsorjnings-alternativ utan att redovisa en dtminstone grovhuggen
simultan utvirdering 6ver de viktiga samhéllsmadl, bl a miljomal, som de tidigare
redovisat. En viésentlig orsak &r enligt kommissionen brist p4 relevant underlag.

10. Men hur {4 fram underlag om man inte presenterar behovsstrukturen? I den
sektorledande myndighetens, Energiverket, anslagsframstillning finns 10 &r senare
inget av de 9 miljémalen ndimnda for det heldgda bolaget Vattenfall. Det relevanta
underlag kommissionen efterlyser lar uppenbarligen inte komma fram genom
praktiskt beslutsfattande vid Vattenfall. En visentlig brist i kommissionens mél-
/medelanalys &r enligt min mening den tillimpade uppdelningen av mél i
kategorierna samhillsmél och restriktioner. Av 16 angivna mél karaktiriseras 12
som restriktioner och 4 som mél. Restriktioner behandlas ju synnerligen enkelt i
normal "cost-/effectiveness"kalkyl, vilket himmar utvecklingen av operativa
effektmadtt i dessa dimensioner.

11. For politikomradet samfédrdsel 4r situationen ndgot annorlunda. I SOU 1975:85
finner man en 6vergripande mélstruktur av ungefir samma art som i de tidigare
refere-rade utredningarna men ocksd ett mél-/medelmatristinkande som helt klart
har sitt ursprung i en av omrddets myndigheter, ndmligen Vigverket. MAl-
/medeltinkandet &r helt inriktat pd véigbundet transportarbete vilket naturligtvis dr
en allvarlig inskridnk-ning. I anslagsframstillningar frin andra myndigheter inom
omrédet, Transportrddet, Trafiksdkerhetsverket, finner man inga spér av detta
tankande. Hos VTI finns det, uppenbarligen implementerat genom dess storsta
uppdragsgivare, Vigverket , och dérfor ocksd inskrinkt till projekt avseende
viagbundet trafikarbete.

12. Inom Vigverket har systemet utvecklats for att lokala beslutsfattares
virderingar av enskilda vdgobjekt skall harmoniseras. Det har utvecklats s 1dngt
att det kan ge konkret underlag for utvirdering med géngse statistiska metoder f6r
riskanalys, dven om dessa normalt inte tillimpas. Det har framftrallt ocksd
utvecklats s 1dngt, att man identifierat de virderingsproblem som framtréder néir
man ambitigst forsoker omformulera restrik-tioner till malformuleringar. For att
jobba med méldimensioner méste man ju formulera effektfunktioner i stéllet for
satisfieringsnivder och effektfunktioner som explicit stills mot varandra p&kallar
védrdering for att kunna utnyttjas simultant.

Flermalsproblem / konsekvensvérdering.

13. Det finns flera sitt att tackla problemet att virdera artskilda konsekvenser nir
man driver ner flermalsproblemen pd operativ niv,olika typer av utbytesanalyser
som cost-/benefit-, cost-/utility- och cost-/effectivenessanalys. I fallet med
Vigverket finner man en blandning av alla tre men med huvudsyftet eller filosofin,
att agera utifrin C/B-analys. Formodligen for att man betraktar de resulterande
konsekvensvirderingarna som objektiva i den bemiirkelsen att de dstadkoms
genom implementering av en marknadsanalogi, medan C/U-och C/E-analyserna
otvetydigt ger uttryck 4t besluts-fattarens subjektiva virderingar.



14. Det kan finnas anledning att kort rekapitulera de tre vérderingsansatsernas
grundliggande drag. C/B-analysen har sin teoretiska bas i den nyklassiska
ekonomiska skolan. Det finns en vilfirdsekonomisk variant inom denna skola, dir
den generella jaimvikts-modellen som forutsatter att varor och tjdnster ér privat dgda
och utviixlas pa perfekta marknader, ersitts med en vilfdrdsekonomisk analogi,
styrd av en allmin institution ansvarig for att tillhandah8lla allménna tjénster. I
denna modell antas hushdllen nyttomaximera, foretagen vinstmaximera och de
allminna institutionerna ocksd vinstmaximera. En allmén miljovardande instans
antas maximera sin vinst utifrén t ex forsiljning av avfallsdeponeringstillstind till
foretag, tillhandahallande av miljotjdnster som ren luft, rent vatten, mojligheter till
okad produktivitet pga mindre fororeningar etc. Virdet av dessa tjinster
marknadsfors inte pa en definierad marknad varfor man erséitter marknadspriser pd
dessa tjanster med metoder for att avsldja den marginella villigheten for personer
och foretag att betala for dessa tjanster. Man har tillimpat sdvil indirekta som

direkta metoder {or detta.

15. De indirekta metoderna utgr frAn samband mellan allménna tjdnster och mark-
nadsforda varor och tjdnster. Det vanligaste exemplet dr analys av variationer i
fastig-hetspriser for fastigheter i olika miljoer. De direkta metoderna gér ut pé att
frdga folk vad de &r villiga att betala. Det har hér utvecklats tv3 varianter, i den
forsta anmodas man ange vilken inkomstfordndring man finner likvirdig med en
foreslagen fordndring 1 miljo, sikerhet etc, i den andra anmodas man ange vilken
inkomstforindring man dns-kar som kompensation for en vidtagen fordndring.
Aven om min erfarenhet av C/B tillimpningar dr begriansad och huvudsakligen
inriktad mot miljdomradet vigar jag pastd att C/B-analyser inte 4r vanligt
forekommande. Det finns problem med att definiera valsituationerna for
respondenterna pé ett sétt som gor det mojligt for dem att genomfora de ganska
knepiga simultandverviganden som i allménhet krivs. I de mer ambitiosa analyser
som genomforts sldr dessa svirigheter igenom i form av 13g precision i virdeskatt-
ningarna. Nigra exempel p& C/B-analyser &r virderingar av ett oppet landskap,
virderingar av fjillndra skog, virderingar av élgjakt, viarderingar av
trafikbullereffekter och virdering av trafiksdkerhet.

16. C/B-analysen dr en ekonomprodukt medan C/U-analysen 4r en statistiker-
/opera-tionsanalytikerprodukt. Som utbytesanalys dr den senare tydligare i och
med att den frimst avses utnyttjas for beslutsfattaren att skapa ordning i sina egna
virderingar. I motsats till C/B-analysen tillimpas den alltid p4 effektspektra for
enskilda, klart identifierbara handlingsalternativ. I nedanstiende tabl
karaktidriseras en beslutssituation i form av tv4 handlingsalternativs
effektprofiler(ay, ap) 6ver fyra artskilda effektdimen-sioner, dvs med icke
jdmforbara skalor.

Méldimensioner
X1 X2 X3 X4
Bist 90— — — - — - 400}— — — - — - .90{-—— — —— —12.00

Sémst 20— —— - -200/— — — - — 15t—— — —13.50



C/U-analys (enligt Keeney-Raiffa) innebir d4 foljande:

- utfallsrummet definieras lokalt, dvs sé att det gott och vil ticker utfall frn i
situationen mojliga utfall,

- de fyra effektskalorna normaliseras med #ndpunkterna O och 1,

- beslutsfattaren stills infor upprepade lotterisituationer dér han har att vilja mellan
ett utfall med sikerhet gentemot bista utfall med viss sannolikhet och simsta med
komple-mentsannolikheten,

- olika skalvirden p4 de normaliserade skalorna stills pd samma vis mot
dndpunkterna pd de andra skalorna varigenom man far en for alla fyra dimensioner
gemensam skala,

- kalkylering av den forviintade nyttan av aj resp. ap utférs och det alternativ med
hogsta forvintade nytta viljs.

17. C/U-analysen har vissa fordelar gentemot C/B-analysen. Den framhiver
osidkerheten , den bygger pd god statistisk teori for att hantera denna osikerhet,
den forcerar fram koncisa problemformuleringar och erbjuder genom sin
subjektivitet en arena for att komma till concensus. Den har ocksd nackdelar, vilka
gjort C/U-analysen liksom C/B-analysen till ett skiligen sdllsynt fenomen,
metoden anses for komplicerad av ménga beslutsfattare, beslutsfattare vill inte
stédlla ut sina virderingar s tydligt som metoden fordrar. Metoden tillimpades
relativt flitigt inom en mindre krets analytiker inom omrddena
befolkningsutveckling, miljo och fysisk planering i slutet pd 70-talet och borjan pd
80-talet. Nu lever den en ganska undanskymd tillvaro.

18. C/E-analysen slutligen &r ju det overlégset vanligaste séttet att hantera flermals-
problem, att sétta restriktioner i alla dimensioner som inte kan direkt avlédsas i
gingse "valuta" och optimera 16sningarna utifrdn de andra. Ett naturligt
tillvigagdngsitt i situationer dir man har svért att uppskatta och/eller virdera
effekter i vissa maldimensioner. Man sitter restriktioner i andra termer &n i reella
effekttermer. Genom att variera restriktionerna pdverkar man optimeringen och
fordndringen i optimum under olika restriktioner kan omtolkas i "skuggpriser" for
restriktionerna. I en studie for ndgra 4r sedan, "Ar Vigverkets dagspris for
minniskoliv for 14gt?", jamfordes skuggpriserna for sikerhet i ett antal C/E-
analyser. Sjilvfallet varierade skuggpriserna kraftigt mellan de olika analyserna
eftersom restriktionerna oftast styrs av vad man vill avstd frdn 1 optimeringen av
vinst, inkomstférdelning, arbetstillfillen mm. C/E-analyser under systematiskt
varierade satisfieringsnivéer &r klart besliktad med C/U-analys men kan inte med
rimliga resurser ge s& vildefinierade virdeskalor som C/U-analysen. Likheten med
C/U-analysen och olikheten mot C/B-analysen kan hénforas till inriktningen p&
utvirdering av konkreta handlingsalternativ och dess inriktning pé beslutsfattarens
subjektiva vdrderingar.

20.Avslutningsvis kan det vara av intresse att beskriva ett operativt flermals
virderingssystem, Vigverkets system for virdering av végalternativ. Systemet
utgdr frén maldimensionerna

- trafikstandard,

- trafikekonomi,

- trafiksékerhet ,

- miljopaverkan.

Av dessa ir det enbart trafikekonomi som omedelbart erbjuder en naturlig
virdeskala, for 6vriga méste relevanta effektskalor formuleras och vérdeskalor
konstrueras. Filosofin dr att i storsta mojliga utstrickning l&ta virdeskalorna bygga
pd C/B-teknik.

21. Trafikstandard definieras nirmare genom en uppdelning i komponenterna
restid och komfort. Komponenten restid &r direkt ocks effektvariabel, men 1
komponenten skall olika typer av drendeformer viirderas varfor



restidsskattningarna for aktuella vigstrickor miste kalibreras med resultat frin
resvaneundersokningar. Virderingarna av tid for arbetsresor siitts till
lonekostnader inkl sociala avgifter som ndrmevirde for produk-tionstillskott.
Andra typer av resor virderas efter internationella och nationella C/B-analyser av
hur folk virderar restid genom studier av hur de véljer fairdmedel och de kostnader
de didrmed &drar sig. Komponenten komfort véirderas efter likartade studier av
folks vigval mellan vigar med bittre och sdmre beldggning, mer eller mindre
forekomst av frustrerande element som korsande trafik mm.Genom statistisk
aanalys av sambanden mellan vérde av restid och fordonskostnader kan man f&
fram ett pris p& den tid folk vill betala for att gora bekviima végval.

22. Trafiksdkerhet varderas genom en uppdelning i komponenterna
samhillsekonomiskt materiell forlust och individuellt personligt lidande vid en
olycka. De materiella forlus-terna skattas genom kostnader for medicinsk vérd,
produktionsforluster genom borto-varo samt kostnader for materiella skador. Den
stora posten i kalkylen &r dock kompo-nenten personligt lidande som skattas
genom analys av tidigare officiella beslut i vagfrdgor dér transportstandard,
transportekonomi och trafiksikerhet varit ingdende komponenter. Besluten har
kunnat uttolkas i form av skuggpriser for trafikolyckor utifrdn optimering av
trafikekonomi och/eller trafikstandard mot valda satisfieringsnivéer for
trafikolyckor. Vérderingen av trafiksidkerhet dr ddrmed 1 storsta utstrickning en
tilldimp-ning av C/E-analys och bryter dirmed mot C/B-filosofin. Man prévar dock
for nidrva-rande betalningsviljeansatsen, dvs studier av folks betalningsvilja for
riskreduktion for eventuellt senare inforande.

23. Miljopaverkan innefattar miljoeffekter, hdlsoeffekter och intrdng i alternativ
markanvédndning. Grundldggande effektvariabler dr utsldpp till luft och vatten samt
buller. Pdverkan p4 ménniskor frn utslipp till luft och frén buller ges av
fysiologiska studier varefter effektvariablerna erhélls utifrdn av Vigverket
framtagna algoritmer for spridning av trafikbuller, kvdve- och svalelutsldpp. Vissa
effekter virderas efter de samhiilleliga kostnader de orsakar, framst
sjukvérdskostnader, andra tex buller virderas efter kostnaden for de &tgérder som
fordras for att eliminera oléigenheterna, tex bullerplank. Det har i ménga
sammanhang pé&pekats att denna typ av samhillsekonomiska kalkyler som bygger
pé restaurations-, eller elimineringskostnader inte kan ge annat 4n 1aga vérdringar
som séllan gor maldimensionen konkurrenskraftig. I fallet med bullerspridning
skulle séllan investeringar i bullerplank kunna géras med den virdering som
ursprungligen kalkylerats varfor viardet skonsmissigt dubblats. Virdet kan darfor
bet- raktas som resultat av en hogst implicit C/U-analys. Pdverkan pa vatten och
konkurrens med andra miljdutnyttjanden, tex rekreation, omfattas dnnu inte av
virderingssystemet annat 4n i vaga formuleringar om hénsynstaganden.

24. Vigverkets virderingssystem har visat sig vara ett kraftfullt vapen i
diskussioner med andra aktSrer men har ocks8 uppkallat starka negativa reaktioner,
bl a mot den analytiska filosofi som genomsyrar det, C/B-filosofin. Uppenbart dr
att man varit ganska blind for annat dn grundldggande samhéllsekonomisk kalkyl
och C/B-analys. Det har ocks8 visat sig internt bland Vigverkets lokala
beslutsfattare att de inte p& ndgot vis slaviskt f6ljer virderingsutfallen utan ofta
viljer objekt som inte rankar hogst i kalkylen. Den implicita C/U- eller C/E-analys
som i ménga fall faktiskt styr virderingarna skulle troligtvis kunna avslojas genom
viss baklidngesanalys, typ den som redan tillimpats vad giller virdet av
trafiksékerhet.

Statistiska beslutsregler.

25. Det kan tyckas ha varit en onddigt 18ng resa for att komma fram till vad det dr
statistikern 1 allménhet antas kunna bidra med i utvirderingssammanhang,



Statistiska beslutsregler.

25. Det kan tyckas ha varit en onddigt 1ing resa for att komma fram till vad det 4r
statistikern i allménhet antas kunna bidra med i utvirderingssammanhang,
nidmligen statistiska beslutsregler, men det visentliga i tillimpningen av dem #r att
det finns vilartikulerade nytto- eller forlustfunktioner att applicera dem pa. I alla
former av statistiska beslutssystem, probabilistiskt fotade system for
riskkalkylering, stills man infor olika typer av "optioner", som tvingar
beslutsfattaren till stillningstaganden. Det kan vara val av signifikansniv4, val av
konfidensniv4 eller hur man skall vinda hypotes >révningen for att den skall bli
effektiv for att ta ndgra for de flesta viilkéinda exémpel. Som beslutsfattare dr man
ganska stélld i den hir typen av situationer om man inte har en genomarbetad
uppfattming om nyttofunktionerna for de handlingsalternativ som stir under
provning. Definierade effektvariabler, konsekvenser, 4r ett minimum men en
virderad effektvariabel, en nyttoskala, dr mycket virdefull, inte bara for vad som
tidigare sagts om att 16sa flermalsproblem, utan ocksa for att fi den ritta kiinslan
for vad som stir p4 spel, vad man riskerar att forlora om man tar fel &t ena eller
andra hdllet, att kinna osdkerheten inp4 skinnet.

26. Den process 6ver maldefinitioner, malnedbrytning och effektvirdering som
beskrivits ser sillan statistikern. Perspektivet dr det omvinda, att tillsammans med
beslutsfattaren f4 den omedelbara beslutssituationen definierad i konkreta,
kortsiktiga verksamhetsmal. Loper det hela smértfritt forstdr man att det finns ett
habilt underarbete av ovan antytt slag, 1oper det mindre bra och det borjar handla
om att skaffa statistiskt underlag for allmin Sverblick eller andra luddigt beskrivna
syften forstir man att underarbete saknas.

27. Processen tar sig litet olika form beroende pa typ av beslutsproblem och pé
grund av vilket statistiskt synsitt, filosofi, man bekénner sig till. Man kan
sammanfatta det hela som i foljande tabla.

Anvindarsituation Statistiskt angreppssitt/Beslutsformer

Jamforelse av dndligt 1. Hypotesprévning 3. Val av alternativ
efter minsta

antal alternativ forvintad forlust

Dimensionering/ 2. Konfidensintervall- 4. Val av
beslutsregel

budgetering estimation efter minsta
forvintad forlust.

Det handlar allts3 om tv8 dominerande probabilistiska skolor som utgar frén
samma strukturering av anvindarsituationer men anvisar olika typer av
beslutsregler. P4 senare &r har vissa s.k. possibilistiska angreppssitt dykt upp men
det skulle fora for 14ngt att ta upp i det hiar sammanhanget.

28. Hypotesprovning ir en mycket vanlig teknik for att p4 ett statistiskt material
testa om ndgon ny teknik, ndgon ny restriktion eller dylikt har haft ndgon effekt.
Man for-mulerar en hypotes, dtgirden har inte haft effekt, och en mothypotes,
dtgdrden har haft effekt, genomfor ett experiment, testar och fér ett signifikant eller
insignifikant utfall av testet. Ett signifikant resultat betyder att nir jag accepterar
utfallet, dvs konstaterar att en fordndring skett, tar jag en risk att férkasta en riktig
hypotes med en viss sannolikhet, oftast 5%, som jag sjilv bestdmt. Det dr gott och
vil att f4 ett signifikant resultat men dr den hypotes som testats en intressant
hypotes? Oftast inte ddrfor att det finns en olycklig praxis att testa hypotesen



"ingenting har hént" medan det uppenbarligen i de flesta fall ér intressant att testa
hypotesen "forindringen dr hégst/ldgst..." Den typen av formuleringar for-utsétter
att man som beslutsfattare kalkylerat en brytpunkt for nir en ny teknik, en ny
restriktion #r effektiv, dvs stillt kostnader mot nytta innan man bestamt
omfattningen pa det experiment man skall genomfora.

29.0m man 4 andra sidan fAtt ett insignifikant resultat i sin hypotesprovning har
det utbildats en praxis hos statistiker att sdga att det inte innebér att man som
beslutsfattare far dra slutsatsen att hypotesen ar riktig, att ingenting har hdnt. Om
man skulle ta statis- tikerna p4 allvar skulle man som beslutsfattare f&
nervsammanbrott i sidana ldgen. Vad man som beslutsfattare kan beg for fel &r att
acceptera en felaktig hypotes och det 4r detta som statistikerna vill forhindra med
sina drakoniska forhéllningsregler. Men dven sannolikheten for att acceptera en
felaktig hypotes kan beriknas och stillas under beslut, svida man kan bestimma
sig for vad som &r en "harml6s” fordndring, dvs en forédnd-ring som inte ger ndgot
vidare utbyte. For detta fordras att man som beslutsfattare har formulerat
forlustfunktioner for alternativen att genomfora en férdndring och for status quo.
Forlustfunktioner 4r en mer praktisk form av nyttofunktioner, den skillnad i nytta
mellan alternativen man gir miste om nér man véljer fel alternativ. I anldggningen
av en hypotesprovning ligger ocksi att avviga acceptans och forkastelsefel mot
varandra for att effektivt dimensionera den experimentella uppldggningen. Detta
gors sillan eftersom det sdllan utvecklas nytto- eller forlustfunktioner.

30. For beslut av typen budgetering, dimensionering av verksamheter fordras visst
underlag typ antal presumtiva vrdbehdvande, antal nyfodda etc. Man har alltsd att
skatta en niv8 att dimensionera verksamheten efter som minimerar férlusten av
Over- eller underskattningar. Problemet kan beskrivas med hjilp av foljande
figur(se nista sida)

1%, x)

Y

*{

(x - X)

Figuren bsekriver en dimensioneringssituation, dér forlustfunktionerna ér linjira
och foljaktligen kan betecknas med sina lutningsvinklar kg och ky, Det dr mer



vanligt dn ovanligt att forlustfunktionerna for Gver- respektive underskattning ir
olika som i ovanstdende exempel. Effekterna av underskattning ir ju av formen
brist pd transport-kapacitet, otillfredstillda virdbehov mm och effekterna av
overskattning att man har visst slack i organisation, outnyttjade resurser och
liknande. Dimensioneringsvariabeln X och forlustfunktionen 1(%, x), dvs forlusten
av att ta fel med avvikelsen (x - X), dér % 4r den punktskattning som den statistiska
understkningen skall ge ir, avsatt p3 respek-tive axlar.

31. Med tillgang till forlustfunktioner for 6ver respektive underskattning har man
som beslutsfattare m&jligheter att dimensionera egna undersdkningar och virdera
andras som kan vara av intresse pi ett effektivt sitt. Dessutom och kanske
viktigast, att kiinna osdkerheten inp4 skinnet och ocks8 ha méjlighet att styra den
genom val av konfidens-niva(z) och dimensionering av undersskning (8).Enkelt
uttryckt gér det till s§, att man véljer forlustnivd A, en forlustnivd som man vill
undvika, avsitter den pé den forlust-funktion som ger stdrst forlust, avldser
konfidensintervallet i dimensioneringstermer. och tar statistikern till hjilp for att
komma fram till en ldmplig kombination av (z, 6) och den dirav resulterande
undersokningskostnaden. Ju ldgre konfidensniva z, dvs ju storre risker man &r
beredd att ta, desto storre & , dvs desto mindre understkning behdver man kosta
pé sig. Praxis ér i dag annorlunda, man jobbar utan explicita forlustfunktio-ner
vilket realiter betyder att man inte har ndgot vidare grepp om vare sig osékerhet
eller kostnader. Man jobbar med signifikansnivadn 0.95 och om undersokningen ar
alltfor feldimensionerad gdr man ner till nivdn 0.68 samtidigt som man i de flesta
fall 4r omed-veten om att den forlustfunktion man utnyttjar &r en symmetrisk
kvadratisk funktion, en funktion som inte &r alltfér vanligt férekom mande i
praktiken.

32. De tv4 sorters beslutsregler som hittills har behandlats, sk frekventistiska
beslutsregler, kan tillimpas utan explicita nytto- eller forlustfunktioner vilket
innebdr allvarliga risker for beslutsfattarna. Nér det géller beslutsreglerna 3 och 4,
de sk Baysianska beslutsreglerna ér detta inte mdjligt eftersom de explicit tar in
nyttofunk-tionerna i kalkylen, de bygger p att man beriknar forviintad nytta och
att man viljer det alternativ som ger hogst forviintad nytta. Forvintan beridknas
utifrdn sdvil de specifika statistiska undersokningsresultaten som frén
beslutsfattarens subjektiva skattningar av sannolikheter for olika utfall. Det &r
sammanfogningen av dessa tvi sorters sannolik-heter som genomfors enligt
Bayes” lag vilket givit namn &t riktningen. Jamfort med de frekventistiska
beslutsreglerna ir de mest idgonfallande dragen séledes explicit inforande av
subjektiva sannolikhetsbedomningar och nyttofunktioner.

33. I korthet och mycket forenklat kan metodiken/filosofin beskrivas i strivan att
formulera beslutsmatriser av nedanstéende art.

Situation Handlingsalternativ
aj a2
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Handlingsalternativ(A) stills mot tinkbara situationer(S) och ger upphov till
konsek-venser (C) genom en transformation ¢ = f(s), vilken ér ett uttryck for
handliingsalter-nativets verkningsgrad och for nyttovirdering av givna utfall. De
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olika situationerna s; tilldelas subjektiva sannolikheter for utfall.Det hir séttet att
exercera har flera syften som tidigare ndmnts, frimst

- att beskriva situationerna s& ekonomiskt som mgjligt, sortera bort ovidkommande
aspekter, sddana som inte tskiljer alternativen, sddana som liger utanfor
alternativens riackvidd ,

- att infora osdkerhet i problemsituationen, dvs osikerheten om "verkligheten"(S)
och om handlingsalternativens "verkningsgrad"(A), dvs att ge den "tysta"
yrkeskunskap som finns ett uttryck i probabilistiska termer,

- att fdsta uppmirksamheten pa behovet av virdering, nyttokalkyl.

De tidigare ndimnda C/U-analyserna emanerar ur denna typ av beslutsfattande.



VALUE TRADE-OFF IN SWEDISH ENVIRONMENTAL DECISION MAKING.
Hékan Zetterstrom

1. Introduction.

A starting point for an essay on environmental decision making in Sweden can be
found in the government report "NATURAL RESOURCES USAGE AND
CULTIVATION" (SOU 1983:56) (1) which advocates a change in environmental
decision making, from ex post correction planning to ex ante prevention
planning.The views are similar to basic points in Georgescu - Roegen’s famous
book "The Entropy Law and the Economic Process"(2), where he states as a
fundamental fact that as each and every activity requires energy, there is an
ongoing competition among most human activities about restricted natural
resources.There is a continuous transformation from free to bound levels of energy
in the world and every new activity contributes to it. An author who has really paid
attention to this is Hueting(3). In an effort to highlight the problem and give it an
operational expression he has for a great number of social and economical activities
formulated their respective environmental functions.

Views like these lies behind the operational analytical methods for decision making
with multiple objectives, where positive and negative factors are valued
simultaneously against each other. As an exemple we can take a rough description
of objectives for investments in road objects (4). There are four main objectives,
namely

- less noise,

- shorter travel time,

- less accidents,

- better landuse.

Alternative road objects are screened against these objectives expressed in a more
operational form and ranked according to socioeconomical value.

A more elaborate structure for multiple objectives is found in the evaluation of
different water planning alternatives in the Tisza river basin, Hungaria.(5),

- total costs,

- probability of water shortage,
- water quality,

- energy (re-use factor),

- recreation,

- flood protection,

- land & forest use,

- social impact,

- environment,

- international cooperation,
- development possibilities,
- flexibility.



The objectives can be more or less specified depending on the objects under
evaluation, but all systems have in common the simultaneous evaluation of human,
environmental and socioeconomic objectives.

Of course, the decision-makers information or knowledge about the future effects
of the objects under evaluation is normally rather uncertain, especially about the
environmental impact.It is then rather important, as for example emphasized in (6),
that decisionmakers in environmental management or in other branches try to apply
proper risk management and risk assessment methods in their decision-
making.Otherwise the environmental impact, vaguely known and vaguely noticed,
probably will be disregarded as an objective in the screening process.

This is a situation we will have to live with. It will tax not only our ability to
produce problem-oriented statistics, but also our ability to implement statistical
decision rules for decisions under uncertainty.

Below, short descriptions will be given of some efforts in Sweden to solve the
value trade-off problem in multi-objective decision making. For background
purposes, some work in other countries will be outlined as well. The descriptions
will be given under the headings

- cost-benefit analysis,

- subjective multiple objective analysis,

- cost-effectiveness analysis.

There is a distinct and important difference between the first and the following
approaches in the sense that the first aims at objective estimates of values, the next
two at giving the decisionmakers coherent and subjective values.

Furthermore, there will be a description of the only value trade-off system for day-
to-day decision making in existence, i.e a system for screening road objects. As
will be seen, this system is a mix of different methods.

2. Cost-benefit analysis.

The theoretical basis for objective benefit estimation is furnished by the neo-
classical school of welfare economics. Two distinguished representatives of this
school in Sweden are professor K-G Miler at the Stockholm School of Economics
and professor P Bohm at the University of Stockholm The following short
description of the basis for benefit estimation is founded mainly on K-G Miler (7).

The traditional general equilibrium models discuss the case where all goods in the
model are privately owned, sold and bought on perfect markets. The equilibrium in
such an economy is Pareto efficient, i.e. there are no other feasible allocations in the
economy which are more desired by some individuals without being less desired by
others.The theorems for this type of economy are not valid in an economy where
environmental effects in the form of public goods exist, for exemple as in the form
of environmental functions according to Hueting(3). But on the foundations of neo-
classical welfare economics an equilibrium model can be formed for an economy in
which a special agency is responsible for the provision of public goods.In such a
model all households are assumed to be utility-maximizing and all firms are
assumed to be profit-maximizing. An environment protection agency is also
assumed to maximize its profits. These profits result from selling waste disposal
services to households and firms and from the value of environmental services,
such as clean air,water, increased productivity due to less pollution, increase in
recreational amenities due to clean-ups etc.The value of these services could be
interpreted as a market value if the services were sold on a competitive basis to
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households and firms. As they are not, the value of the services must be interpreted
in another way.

We will then assume that the environment agency has some method by which it can
reveal the marginal willingness of firms and households to pay for environmental
services.By using these prices the agency can value the environment and determine
the amount of residuals to be discharged and the amount of natural resources to be
extracted in such a way that the value of the environment plus the incomes from
selling waste disposal services and resource extraction rights is maximized.

Which methods are there to reveal the marginal willingness to pay? There are
basically two approaches that can be used; asking people, or making sufficiently
strong assump-tions of the households ‘preferences or technology, or about market
mechanisms, to permit indirect estimates of the preferences.

Two direct methods are used, one called "equivalent variation", the other
"compensating variation". In the first case the respondents give their estimates of
the income change they find equivalent to an environmental change, in the second
case they will give their estimates of the income change they demand as
compensation for realised environmental changes.In most cases the two methods
should give rather identical answers but there are situations where they will give
completely different answers. "Equivalent variation " is the method mostly used, as
the "compensating variation" method only works for one alter-native at a time. This
1s a serious drawback because in many, perhaps most decision situations, there are
more than two alternative objects to compare and consequently more than two
environmental changes to evaluate.

The "willingness to pay" methods have not been frequently used in Sweden .To the
author’s knowledge there are but a handful of applications, viz. some studies of
people’s estimates of traffic noise, of vulnerable forests in the high mountains, of
elkhunting and of willingness to pay for an open landscape. There are
methodological differences between the studies, the choice of stimuli or
hypothetical change beeing the most apparent. In at least one of the studies the
stimuli were very general and obviously not especially direc-ted towards the
respondents “specific situation. Because the respondents are supposed to be able to
perform a rather intricate and simultanous trade-off between socioeconomic and
environmental objectives, the alternatives obviously have to be rather distinct and
well-known to the respondents. In the study referred to, the resulting estimates had
low pre-cision, which in this case also might be an indication of bias.

Indirect methods to reveal peoples willingness to pay for environmental functions
are based on the fact that a change in the flow of environmental services may
change the behaviour of households and sometimes therefore the prices on private
goods. By relating these changes to the change in environmental quality, it is
sometimes possible to estimate the willingness to pay. The author is not aware of
any such study in Sweden , but exemples in the literature are not too rare. They
mainly seem to be directed towards analysis of travel costs and land values or estate
prices and their supposed dependence on different recreational objects or
estimations of air quality. Both the travel-cost approach and the land value or
hedonic price approach started as common-sense approaches, without much
theoretical underpinning. They have later been subjected to a careful theore-tical
analysis.

As can be understood from the above, cost-benefit analysis is a rather rare
phenomenon in Swedish environmental decision making. It has some prominent
advocates, but also some strong opponents, e.g. professor P. Soderbaum, the
Swedish University of Agricultural Sciences. In (8) he totally denies the feasibility
for an environmental agency to measure and compare socioeconomic and



environmental functions in such a way that the resulting prices on the functions, the

benefit expressions, in any way can be said to represent an equilibrium in the

market. Some of his arguments are:

- The degradation of natural or human resources is often irreversible or very
difficult to TEVETSE .

- The resources involved are often unique or very rare.

- The problems often extend beyond the actors involved in market transactions.

- The problems often have a considerable spatial extension, e.g. are not limited to
one single municipality, county or country.

- The problems involve uncertainty and risk.

- The problems involve conflicts between different interests and ideologies in
society.

Hueting(3) comes to about the same conclusion from his view of environmental
functions as merit goods. Merit goods have the following characteristics:

- Individuals have insufficient knowledge of the merits of a good (lack of
information).

- The goods have a considerable positive external effect that benefits the
community(externality)

- Cultural heritage must be preserved (conservation).

- Allowance must be made for future needs.

According to Hueting the shadow prices(representing an equilibrium) for

environmental functions is a matter of subjective appraisal.

3. Subjective multiple objective analysis.

The main idea in subjective multiple objective analysis is that the decisionmaker will
for-mulate a value or utility-function and is able to maximize it.The most elaborated
among these techniques is the utility-cost analysis according to Keeney-Raiffa (9).
Although not so far used in environmental decisionmaking in Sweden, there are
many cases where this technique has been used, especially in the IIASA work in the
707es.

The utility-cost analysis can in short be described in the following way:

- The decisionmaker formulates alternative actions and he also formulates their
probable consequences or effects in all relevant dimensions, for exemple in the
dimensions noise, traveltime and accidents.

- The different actions ‘consequences are ranked within each dimension

- The consequences within each dimension are scaled against probable endpoints,
i.e. the worst and best probable consequences, by the von Neumann -
Morgenstern approach, i.e. the decisionmaker is faced by choices between a
specific certain consequence and endpoint consequences with different
probabilities. The chosen probability is then considered as the consequence’s
utility on a normalised utility scale with endpoints 0 and 1.

- The normalised utility scales are then denormalised by a trade-off process between
dimen-sions, where consequences in one dimension are valued against the
endpoints in every other dimension.

- From these utility scales the decisionmaker finally calculates the expected utility
for each alternative action and chooses an alternative according to the probabilistic
decision rule MEU, maximum expected utility.

In view of the criticism against the benefit-cost methods, the utility-cost method
has several good qualities.

- First, it is a probabilistic approach where the uncertainty explicitly gets
highlighted, both in consequence estimation and in utility formulation.



- Secondly, by formulating objectives or consequences from explicitly defined
alternative actions, they get realistically defined.

- Third, valuations are made explicitly for separate objectives as well as for trade-
off between objectives.

- Fourth, the method is solidly based on Baysian statistical theory .

The mentioned qualities are such that utility-cost analysis could be an efficient tool
to reach ¢oncensus in environmental decisionmaking. But obviously there is no
concensus about that.

Some arguments against are:

- the method is too complicated for ordinary decisionmakers to use, (10,11),

- decisionmakers are not rational in the way presupposed by the model (MEU)
(Allais ‘paradox) (10),

- there is more efficient models than probability models to handle uncertainty (12),

- there are too little knowledge about environmental effects among decisionmakers

- decisionmakers can’t make explicit trade -offs between objectives and especially
they can’t make decisions on weighted utilities (8)

- different interests can not be explicitly taken care of in the way the consequences
are being formulated (8).

No doubt, there exists a threshold for ordinary decisionmakers, they have to be
trained. And in certain situations they undoubtedly don"t behave according to the
assumptions of the MEU-principle. There are theoretical alternatives, viz.
possibility analysis instead of probability analysis that at least make it easier for
decisionmakers to express their uncertainty, especially when it comes to rare
events. The proponents of probability approaches insist though that whatever the
possibility approach can do, the probability approaches can do better. For more
detailed arguments , see(13,14). No possibility based approach has been performed
in environmental decisionmaking in Sweden, but there are some examples
elsewhere in nuclear power investments(15) and in the case of water
management(16).

The assertation that there is too little knowledge in society about environmental
effects is not controversial and will affect every form of trade off systemin a
negative way.

The last two critical points are only possible to evaluate from practical experience.
They are stated by P. S6derbaum and are based on some practical experience from
decisions in community and communication planning To solve the problems
mentioned he has launched a technique called "Position Analysis"(17). In short it
has the following main characteristics.

- It is a deterministic approach, e.g. without any probabilistic or possibilistic
moments.

- The consequence dimensions are replaced by distinct consequences attributed to
the alternative actions. In a case with four alternatives, he formulated some 30
consequences.

-The consequences are formulated so that the different interests involved can be
identified.

- In every consequence(not consequence dimension), the alternatives are ranked and
the ranks are noted so one has a gitter of ranks with consequences as rows and
action alternatives as columns.

- The decisionmaker is then confronted with this lattice of ranks and will from this
make a subjective choice of alternative.The decisionmakers trade-off values are
implicit .



Position analysis is an alternative to other subjective probabilistic approaches with
its own specific pros and cons. However, it is not possible to evaluate these
without a more thorough experience in practical planning than we have today.

For instance, we have to evaluate the capacity of the different approaches to
consider arguments of ethical and estetical types against qualities like explicit
handling of uncertainty and explicit handling of trade-off values.

4 Cost-effectiveness analysis.

Cost-benefit or subjective multiple-objective analysis seem to be frequently.in use
neither in Sweden nor in other countries. Even in ITASA ,one can not today find the
the cost-utility analysis projects that were so frequent during the 707es. Instead the
interest seems to be directed towards cost-effectiveness types of decision tools.
Here human and environmental aspects come in as restrictions, within which the
economic functions can be optimized. These restrictions can be formulated as
absolute restrictions or as e.g. a successively increasing polluting tax. Benefit or
utility functions as maximizing objects have been abandoned.

But at present, the cost-effectiveness projects work under other auspices, they are
not intended as decision tools in the first place but are used for simulation and
model-building of intricate dependencies between socioeconomic activities and
ecological effects.

In Sweden, a first pilot model for simulation of environment and natural resource
use was developed in 1982 (18). It was constructed as a central economic model
with some supporting models linking environmental consequences to economic
activities. The central economic model was an input/output model based on national
account statistics .It was a minimum version with the economy aggregated into five
sectors only. It was intended to be used for demonstration purposes and deemed
good enough to describe the inter-dependencies in the Swedish economy. The
sectors in the model were defined in view of the intentions to study sulphur-dioxide
emissions and extraction of iron ore. The supporting models, i.e. the links to the
environment, were only roughly sketched. As a result of this study some
suggestions came up to develop energy and technological models of different kinds.
There were needs to transform the parameters in the economic model into terms of
production technology and with special concentration on these

technologies ‘demands on natural resources and environmental functions.A model
for environmental cleaning up costs was suggested as well. Of course, all of these
suggestions demanded statistics.

In 1984 another cost-effectiveness study was performed in Sweden(19). It was a
study directed towards the water supply situation in the county of Gotland, an
island in the Baltic, sometimes plagued by severe water shortage problems. The
main core in the study was a regional input-/output model covering the main
production sectors in Gotland, i.e. agriculture, mining, and tourism, and studies
about interdependencies between groundwater pollution and these productions.
This study was mainly a simulation study, resulting in socioecological scenarios
from different water supply restrictions for Gotland. The various scenarios
followed from a linear programming optimization on value added, in this case
GRP, gross regional product. Compared to the former study, this one includes an
optimization model , a rough interdependence production-ecology model and a
more elaborate statistical basis.

Finally, a short description of an IIASA study (20) will be given. It was performed
in 1986, with some Swedish participation, and it could serve as background to

futureSwedish efforts. It was planned as a decision support system for local policy-
making authorities in water management. It is a simulation system divided into two



phases without explicit optimization moduls. An expert or the authority will make
choices among simulated alternatives. The two phases are a scenario phase and a
policy phase. The system is based on state variables, planning variables and
operational variables. State variables are environmental state variables like ground-
and surfacewater tables, geomorphological tables, interdependence tables between
water tables and between water tables and environmental and socioeconomical
functions , in this case for agriculture and mining. Planning variables are different
types of decision parameters for the authorities, like irrigation restrictions, manure
instructions etc, while operation variables are the day to day decision variables in
agriculture or mining. In the scenario phase state variable trajectories are simulated
for different time periods and under different restrictions generated from varied
planning variables. Experts and/or authorities judge the simulations and
successively steer the simulations in desired directions. In the policy phase, the
effects of planning variables on operational variables are simulated and steering
systems are formulated, mainly price incentives, because the system tries to
evaluate preventive rather than correcting measures. In the policy phase the farmers”
and miners” reactions to regulations and incentives are simulated. It is important that
resulting planning systems result in operating behaviour efficient under varied
circumstances, i.e.under uncontrolled state variables.

This study has tried to respond to some requests already formulated in the first
Swedish pilot study, viz.the requests for supporting models for production
demands on the environment and for regulation or steering models.Such models
were developed on two rather narrow and homogeneous districts,one a typical
agriculture district, the other a district dominated by mining. Even so the resulting
interdependence tables became very complicated. As a decionmaking tool, it is a
system where decisionmakers make implicit subjective decisions between various
socioecomic and environmental functions. These can be disclosed and
environmental functions can be given a pricetag in socioeconomic terms. In the
work with the system’s statistical support, i.e. the different water and usage tables,
some interest was shown towards using possibility analysis.

5. An elaborate multiple objective system.

In most governmental programs there are multiple objective formulations. So in the
planning documents for official authorities. But rarely or never they are realised into
an explicit evaluation system. One swedish exception is the National Road
Administration. This authority is responsible for national roads, "co-
responsible"for regional roads and has a consultancy role for municipal roads.
Since the middle of the 707{es it has successively designed an explicit multiple
objective system. This system, mainly in the form of manuals (4), is intended as a
screening system for road prospects. The priority process is decentralized to local
agencies, but there is a striving towards common priorities across the country. The
objectives are difficult to operationalize, a mix of socioeconomic, human and
environmental objectives, which, have to be made explicit.if they are to be taken
seriously.

The system’s main objective dimensions are communication standard,
communication economy, safety, and ecological and landuse effects. In the manuals
they are operationalized and provide a clear view of the valuation problems. As will
be shown, the operational formulation of practically all dimensions and aspects is
based on a socioeconomic valuation complemented by a human or ecological
valuation. According to the manuals, all positive effects should be valued in market
prices, and when such prices are not at hand, it is the road-users” own judgements
thatis to count, i.e. a pure cost-benefit philosophy.



The dimension communication standard comprises travel time and comfort. The
different objects, i.e. the road investments, are classified according to their
structure of travels, i.e. business travels, travels to work and school and other
leisure time travels. The main divider lies between leisure time and working time
travels. The value of time for travels in working time is set equivalent to wage costs
including social costs. These costs are seen as an approximation to the value added.
For some types of travels these values are reduced, because the saved time is not
supposed to be totally convertible to work. Travel in leisure time is also calculated
on wage costs, in the form of standard costs for industrial workers. These costs are
then reduced to between 15 % and 35 % according to the type of travel. These
figures are based on national and international studies of how people value their
leisure time, and are usually based on studies of how people choose between
different means of conveyance, earlier called direct cost -benefit estimation

methods.

Traffic comfort, the other part of the communication standard, concerns choice of
pavement and degree of driver frustration because of traffic jams and crossing
traffic. Estimates of people “sevaluation of different pavements are based on a study
of how they choose between different travel alternatives. The travel alternatives are
well-known local alternatives. When applying a regression function based on travel
time value and vehicle costs, time estimates for people’s willingness to choose a
longer way on better pavement can be given a price.

The value of avoiding frustration because of traffic jams is based on some studies in
Swedish metropolitan areas.The time loss was valued to 2 or 3 times the value of
reduced travel time. However, these estimates are judged too uncertain to be used in
an evaluation process.

In respect to safety or risk reduction values, the authority works with a valuation
system comprising material losses and human suffering. The value of an avoided
accident is then the material costs of an accident and the value of avoided human
suffering. The material costs are costs of medical care, loss of value added in
production and material damage costs, all directly estimated from records on
accidents. The value of avoided suffemng is estimated by analyzing government
decisions in matters of road safety. In these decisions, communication standard and
safety are conflicting, and from the value attributed to communication standard and
from the number of accidents at stake, a human suffering value can be estimated as
a government authorized value. The relation between material losses and human
suffering differs very much between death accidents and other accidents. Of course,
death accidents have a much higher suffering value. Another way to estimate
suffering values is to perform willingness-to-pay studies on risk reductions. Some
studies of this kind have been carried out in other countries but none in Sweden. On
this point there is a departure from the overall cost-benefit philosophy.

Finally, the ecological and land use effects. In the manuals we can find noise, air
pol-lution, water pollution and effects on recreation and other alternative land
uses.There is a clear difference between the evaluation techniques for noise and air
pollution effects and the other. In the former, the harmful effects on human beings
from noise and air pollution are estimated/derived from physiological studies.
Algorithms are subsequently deduced for use in estimating the number of disturbed
or harmed inhabitants near road objects. The effects of traffic noise is then
estimated by the costs for restauration, i.e. the costs for suitable noise barriers, plus
an estimate for financial loss suffered by the estate owners. As mentioned by
Hueting (3), these types of estimators don’t take care of intangible values and
therefore practically always give underestimates. This is true in this case too, and
practioners have felt that the values should be doubled. It can be mentioned that
there is some willingness-to-pay studies on traffic noise, but these results are not
used in this system, also a depart from the cost-benefit philosophy.



A similar approach is used when valueating the effects from air pollution on people
in urban areas and on forests in rural areas. A rough estimate of the costs caused by
air pollution and a rough estimate of the number of people exposed to air pollution
from traffic, give an estimate of society s costs per exposed person, which then is
used to value the effects in road objects.The valuation of forest damage is based on
financial loss. Damage to buildings through dust and corrosion is estimated on
similar grounds.

When it comes to water pollution effects and to the competition between
environmental, recreational and alternative land uses, there are no longer any values
to use in the multi-objective decision calculus. There are only some given general
conditions to observe.This will of course give the environmental functions a weak
position in the screening of objects in the multi-objective process. This has been
emphazised by Séderbaum, and his position analysis approach can be seen as a
direct reply to this deficiency.

The overall impression is that the National Road Administration employs a very
ambitious system based on domestic as well as foreign studies, but one can
question if an objective cost-benefit approach can work. Practice seems to indicate
that a more subjective approach should be used, as seen for exemple in the doubling
of the harmful noise value, in the estimate of human suffering from earlier
government decisions and from the incapacity for covering competing
environmental functions. Also, regional decision makers often choose other objects
than the highest ranked in the screening system. The unknown subjective values
they implicitly use can be disclosed by some backward calculations and get
highlighted for discussion. But of course it would be better with an explicitly
subjective process. As described in earlier sections, there are some alternatives like
utility-cost analysis, possibility analysis and position analysis, where, at least in the
first two, we can find explicit probabilistic risk calculus, advantages in a system to
be applied all over the country.

6. Some concluding remarks.

In society, well-known economical activities conflict with vaguely known
ecological systems. Much work has been devoted to efforts to model these
conflicting relations on a rather high level , i.e. on the basis of national input/
output analysis systems. However, as planning tools these have serious
deficiencies as to accuracy, relevance for incentive and/or restriction formulation,
and as a "marketplace” for environmental functions. This is especially so when
there are ambitions are to handle these problems in an ex ante prevention mode, and
where the actors have to negotiate under uncertainty in a res-ponsible manner.

The description and planning systems have to be broken down, geographically for
the study of ecological systems, to socioeconomical sectors for the formulation of
environ-mental functions, for the study of the competition about environmental
functions and for the formulation and testing of different regulation and incentives
systems.The actors have to learn to act under uncertainty and to make simultaneous
multi-objective decisions in order not to rank the lesser known environmental
effects behind the more well-known socioeconomical effects. In this respect the
cost-effectiveness approaches are a little risky, because in practice they often are
reduced to lexiographic systems, i.e. to a ranking of object dimensions.

The uncertainty in the decision situations have to be formulated in order to get
vague but vital effects in the decision formulation. Probabilistic or possibilistic
approaches furnish the answers. This is also the basis for the growing production
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of environmental statistics , a user oriented statistical production giving relevant
estimates for day-to-day decisions. In this, much work has to be directed to the
formulation of environmental functions, following Hueting (3).
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