
INTEGRATION OF TECHNICAL AND VALUE ISSUES 
M AIR QUALITY POLICY FORMATION: A CASE STUDY 

ROBIN L.. DENNIS, THOMAS R STEWART, P A U m  MIDDLETON, 
MARY W. WWNTON, DANIEL W. ELY and M. COLLEEN KEELING 

Enviromental and Societal Impacts Group. The National Center for Atmospheric Resaurht, P.O. Box Moo. 
Boulder, CO80307, U.S.A. 

(Rcceiocd 5 December 1982) 

Abdnct-This paper deals with the problem of air quaiity policy making in urban arcas where the automobile is 
the major source of air pollution. A quantitative method for ktcgmting technical and social value issues is outlined 
and applied to air quaiity policy formation in Denver, Colorado. The implications of this stlady for quantitative 
analysis in policy analysis in general are discussed 

The study centers on decisions to be made now for managing the future air quality in the Denver metropolitan 
region. At the time of the study Dmva  was in vioiation of the National Ambient Air Quality Standards for two 
gaxous pollutants-carbon monoxide and ozone Thm elements of the study arc describcb-suuctural analysis. 
quantitative analysis and contextual analysis. 

The conclusions of the study are: (I) Under 1977 Clean Air Act  standards,.stratqks intended to reduce 
emissions from automobiles will assure anaixuncnt of ambient standards in Denver by approx. 1990. The impacts of 
thee  strategies upon the valued dimmsiom of health effects. cost and lifestyle appear acceptable. The ac- 
ceptability of adding regulations to accomplish an eariier date of attainment, such as transportation controls. could 
not be resolved. (2) If federal emissions standards are relaxed. Denver cannot meet ambient standards without 
making difficult tradeofis among health effects. economic factors. and citizens' mobility and convenience. (3) 
Continued increase in the use of diesel automobiles will substantially worsen Denver's "brown cloud" problem. 
Our analysis also indicates that a "do nothing" option was not acceptable. The choice of a strategy for reducing 
particulates from diesels involves tndeoffs among health, haze and cost. 

' 
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llvrilowm0N 
Urban areas that are trying to cope with excessive air 
pollution often find the automobile to be a major cause 
of the problem. As the debates with each renewal of the 
Clean Air Act indicate, controlling mobile source emis- 
sions is a difficult ah quality management problem 
because the automobile is an integral part of the lifestyle, 
land use patterns and economy of th is  country. As a 
result, measures intended to improve air quality can 
create significant socioeconomic impact ti]. Therefore, 
knowledge of technical facts about air pollution control 
is not sufficient to evaluate methods of improving air 
quality: complex social value issues must be confronted 
as well. 
This paper presents the analysis and conclusions of the 

Denver Regional Air Quality Management (DRAM) 
Study. The DRAM analysis investigated the important 
technical and value issues involved in air quality pol- 
icymaking, and the conclusions are based on an in- 
tegration of the results of the technical and social value 
analysis. The conclusions address issues which are rele- 
vant to many urban areas and to national air quality 
policy. The method of analysis illustrates an approach to 
using models to address social policy issues. 

m m w m m u ~ p I I ~  
At the time of the study Denver was in violation of the 

National Ambient Air Quality Standards (NAAQS) for 
two gaseous pollutants that pose health hazards-carbon 
monoxide (CO) and ozone (03). The excessive coacen- 
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trations of these pollutants result almost exclusively 
from automobile emissions. Denver also had a haze 
problem (referred to locally as the "brown cloud") 
caused primarily by aerosols, both those that are directly 
emitted, such as soot, and those which are formed in the 
atmosphere, such as sulfate and nitrate aerosols. Arn- 
bient concentrations of these pollutants originate from a 
rnhturc of sources including the automobile, electricity 
production, and other stationary sources such as space 
heating and woodburning. 

The lw7  Clcan Air Act required all non-attainment 
areas to develop an air quality management plan by June 
1979 that included strategies that were deemed both 
"reasonably avaiiable" and effective enough for improv- 
ing air quality that credible projections of 1982 concen- 
lrations of CO, 03, SO2, and total suspended particulates 
would be at or below the ambient standards. Non- 
attainment areas, such as Denver, which could not 
demonstrate reasonable attainment of the ambient stan- 
dards for CO and 0, by the 1982 deadline were able to 
apply for and receive an extension of the deadline to 
1987. The requirement for extension was that the non- 
attainment area prepare and file a new air quality 
management plan by June 1982 that would be effective 
enough to improve air quality to the extent that it would 
be at or below the ambient standards by 1987. 

Although the 1977 Clean Air Act was the impetus for 
the air quality planning process, the scope of the DRAM 
study has to be broader than the Act for two reasons. 
First, in 1982, the last year of this study, the 1977 Clean 
Air Act was being re-authorized by the 97th Congress. 
Revisions and relaxations of the Federal Automotive 
Emissions Control (emissions) standards were seriously 
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being considend (the DingcILBroyhid Bin-H.R. 5252). 
The proposed relaxations of the emisswns standards 
could afIect Denver's ability to attain the ambient air 
qwlity standatds for CO. 

Second, many public officials, mtcrcst groups, and 
other citizens in the Denver region had expressed 
c o r n  not only about health effects but also about the 
visual effects of air pollution[2]. However, no federal 
standard for visual air quality exists. As a result of 
several studies, legislative co- and citizens' corn 
plaints, the state of Colorado has begun SerioUJiy cob 
sidering what measures could be adopted at the state 
level to improve visual air quality. 

OvpJLvIEwWTBEsNDY AR'WACE 
The study was designed in accordance with the 

tional "rational" model of policy analysis which has been 
formulated in various ways by a number of authorsI31. 
The rational model rrquim both estimates of the con- 
sequences of the altmrative policies and malitation of 
those consequences. The evaluation proctss incorporattj 
the values associated with the multiple specific con- 
sequences into an overall evaluation of the policy. 
Therefore, the evaluation process involves making 
tSadCOffS. 

In policy aadysis, the evatuation process is t y p i d y  
either omitted (i.c., after the consequences of alter- 
natives an assessed, evaluation is left to the politid 
process) or an economic c o s t h e f i t  analysis approach is 
used. In the DRAM study, an explicit evaluation process 
was developed through a "tradeoff analysis" based on 
multi-attribute utility theory[4]. The explicit treatment of 
the evaluation process serves to link the technical 
analysis to the policy making process and to help clarify 
the important value issues. The intention is to aid policy 
makers not only in understanding the technical im- 
plications of the alternatives, but also in understanding 
the value implications. As a result, the quality of the 
debate in the political arena, where the final decision is 
made, can be improved. 

The tradeoff analysis used in this study is an alter- 
native to costlbenefit analysis. Air quality policy is typi- 
cal of many policy areas that involve public goods (e.g. 
visual air quality) and impacts that are diacult to quan- 
tify kg .  lifestyle change). The difficulties in conducting 
cost-benefit analyses under these conditions are well 
documented[fi. Furthennore, cost-benefit analysis in- 
volves normative assumptions that have been 
coatroversial[6]. The tradeoff analysis method used in 
the DRAM study, based on muitiattri'bute utility theory, 

'is relatively free of such assumptions and has been 
shown in a number of studies to be a useful method of 
exploring value tradeoff s T;rl. 

The analysis was formulated in three steps: 

Step 1. Structun'ng 
The scope of the analysis was defined and bounded, 

criteria for evaluating policy alternatives were identified, 
and measures corresponding to the criteria were 
selected. 

Step 2. Quantitative analysis 
The technique for quantitative analysis was based on 

the concept of bringing together facts and values in a 
quantitative decision model. There are a variety of ap- 
proaches in economics, operations research, decision 

theory and judgment analysis to the problem of integrat- 
ing facts and values. Our work was inspired by the 
"symmetrical linkage system" (SLS) method of Ham- 
mond which requires systematic, parallel treatment of 
both factual and value issues[8]. Mumpower et d.[91 
summamt it as follows: 

Attempts to integrate scientific information with social 
policy making are frequently characterized by a num- 
ber of problems and weaknesses. The Symmetrical 
Linkage System provides a means for redressing some 
of these problems. Its central features are the separate 
treatment of social value issues and scientific issues 
b u g b  the construction of quantitative models des- 
cnbing each, and the analytical integration of social 
values and scientific information through the linkage of 
t h e  two types of models. 

The major effart of this study was devoted to the 
development of a symmetrical linkage system which 
included three separate phases: 

Za) Technical analysis. A computerized model was 
constructed that was capable of predicting the con- 
sequences of policy alternatives in terms of the measures 
selected in the structuring step. 

2@) Tradeof analysis. Ruough a series of interviews 
with a diverse group of citizens, models were con- 
structed representing tradeoffs among the criteria. 

2(c) Quantitative integration. The results of the 
models developed in 2(a) and 2(b) were analytically 
htegrated to rank a variety of policy alternatives in order 
of the predicted desirability of their consequences. 

Step 3. Contextual analysis and conclusions 
The results of our application of the symmetrical link- 

age system were examined in the context of other im- 
portant considerations not explicitly included in the 
quantitative analysis to form the conclusions of the 
study. 

The next three sections of the paper describe the 
results of each of these steps. A final section discusses 
some implications of this study for the use of quan- 
titative analysis in policy analysis. 

m 1. m u C " c  . 

The work of analysis is guided by the problem struc- 
tun which consists of three parts: ( I )  a statement of the 
problem, (2) a set of definitions of criteria, and (3) 
definitions of measures for the criteria. For this study, an 
explicit problem structure was developed by the project 
stafl with consultation and input from regional air quality 
p l ~ t ~ ,  policy makers, and citizens. The results of the 
structuring process are described below. 

Problem statement 
The problem was defined as "What is the best air 

quality policy for the Denver metropolitan area for the 
next 40 yr?" This is a broader formulation than some 
others that could have been adopted such as "What is 
the best way to reduce air pollution?" or "What is the 
best way for Denver to meet federal ambient air quality 
standards by 1987?", that presuppose specific air quality 
goals. The broader formulation limits the analysis to the 
consideration of policies that affect air quality, but it 
permits tradeoffs among air quality and other factors and 
does not dictate that air quality will dominate other 
factors. The choice of a 40 yr time horizon was based on 
technical considerations discussed below. 
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Criteria 
A key element of the structure for the analysis is a set 

of criteria that will clarify the meaning of “air qdi ty“  
and Win provide the basis for judging the “best” policy. 
These criteria will provide the focus for both the tech- 
nical analysis and the tradeoff analysis A comprehensive 
list of criteria for evaluating air quality policies was 
generated by asking air quality planners, policy makers, 
and citizens the question, “What i n f o d o n  about an 
air pollution control strategy would you need before you 
could evaluate its desirability for Denver?” The resulting 
extensive list was m o w e d  down to six major criteria 
through a process of categorization, discussion, work- 
shops with planners, and interviews. The major criteria 
were defined which (a) were important to most of the 
people questioned; (b) were, in the judgment of technical 
experts and planners, si&canUy atfected by the choice 
of air quality policy; (c) were capable of representing the 
important tradeoffs among alternative policies; and (d) 
were non-redundant. The six important cxitcria identified 
were: 

Health ,$em. This criterion includes the impacts of 
air quality strategies on both acute and chronic health 
effects of air pollution. Acute effects include discomfort 
due to headaches and eye irrita!ion and incapacity due to 
heart attacks. 

Haze. This criterion includes the effects of air quality 
strategies on the visual air quality degradation due to air 
pollution. It includes both the number of hazy days and 
the density of the haze. 

Sauingslcosr. This criterion includes both direct and 
indirect dollar savings and costs associated with air 

quality strategies. It includes taxes, fuel costs, transit 
fans, health care costs, and any other public or private 
savings or costs. 

Lifestylr This criterion includes the positive or nega- 
tive impact of air pollution control strategies on in- 
dividual lifestyles. Included are changes in mobility, 
convenience, and living patterns. 

Equity. This criterion reflects the degree to which the 
benefits and the burdens of air quality policy are dis- 
triiutcd equitably over the population of the metro- 
politan area. 

Public acceptability. This refers to the extent to which 
a strategy will be accepted by the public, or the degree of 
expected public opposition to a policy. 

For purposes of this analysis, the best policy €or 
Denver is defined as the one witb the most desirable 
outcome with regard to these six criteria. 

Measures 
A measure is an objective, quantifiable characteristic 

which can be used in estimating the levei of a particular 
criterion. In the case of savingslcost, a direct dollar 
measure is available. For health and haze, no direct 
measure was available, so indirect, or “proxy” 
measures[lO] were used. The measures are given m 
Table 1. Note that two measures were identified for 
health effects. Although both measures apply to acute 
effects, they serve as surrogates of potential chronic 
effects because changes in chronic effects will parailel 
changes in acute &as if one assumes a linear response 
function for chronic effects. 
No objective or quantifiable measure for the lifestyle 

Tabk 1. Measures used 

Criteria Icasure 

~~ -~ 

b a l t h  Effects 1. Diaccafort - a l a k r  of p o p l r  

exp.rimcin(  hesdschea or rye 

Irr i ta t ion  due to air p l l u t i o n .  

2. Iacapacity - n&r of at-risk 

pople experirncinl heart attacks.  

natr 

SavingdCost 

Lieht rxtinction dw to  pwcicularrr in 

a ir .  

kt change in  discretionary income 

d u  to  a i r  quali ty  pol icy.  

capital  md operating costs of rach m t o  

typr.  extra COICI of n i s s i a  controls, 

inspection and ointrnancc f r r s .  

mforc.rnt costs for no-drivr day, capital  

4nd o p r s t i n g  costs of the Dcnver bur 

s y s t e  and the cost of constructing and 

op.rating a l i ght  r a i l  system. 

This includrx 



. .. 

98 RLDP(NISCIOL 

criterion was available because the evaluation of lifestyle 
impact is inherently subjective. Not only do people dis- 
agree with regard to the level of d e s i r a b i  of a lifestyle 
impact, but they may also disagree about which of two 
impacts is preferred and even about whether an impact is 
desirable or undesirable. 

No suitable measures were found for equity and public 
acceptability. Measuring equity is complicated because it 
involves disaggregating impacts and comparing impacts 
across different mdividuals or groups. Disaggrcgating the 
impacts would have substantially increased the difficulty 
of technical modeling, particularly with regiud to sav- 
ingslcost and health effects modeling. The comparison of 
different patterns of several impacts with regard to 
equity would then require a difficult, and highly sub 
jective, judgment. Public acceptability is another sub- 
jective concept that depends on a number of factors. 
Collecting the data necessary to predict public accep- 
tability of air quality policies was beyond the capability 
of this project. 

Qualitative. subjective criteria such as lifestyle effects, 
equity, and public acceptability present problems for 
quantitative analysis which can be dealt with in several 
ways: 

(1) Proxy measures can be used which, although not 
direct or complete measures of the criteria, do bear an 
indirect, partial relation (e.g. average automobile trip 
time as a measure of the impact of air quality policy on 
lifestyle). 

(2) The criteria can be excluded from the analysis with 
the caveat that they are potentially important and should 
informally be taken into consideration at a later time. 
(3) The criteria can be included in the analysis as 

abstract, subjective measures whose impact is assessed 
judgmentally [lo]. 
(4) The criteria can be excluded from the formal, 

quantitative analysis but. explicitly considered in drawing 
conclusions from the analysis. 
In this study, a combination of 3 and 4 was used to 

incorporate lifestyle effects in the analysis. The method 
will be explained more fully in the description of Step 3. 
Equity and public acceptability on the other hand were 
not explicitly treated in the analysis. Therefore, tradeoffs 
involving equity and public acceptability could not be 
analyzed. It was assumed that policies which were 
grossly inequitable and not publicly acceptable would be 
screened out so that tradeoff s involving equity and public 
acceptability would not be made. The reasonableness of 
this assumption depends upon the political structure of 
the area being studied. For example, in Denver, intquit- 

, able plans which cleaned up the air at the expense of 
downtown business but not the suburb were categoric- 
ally eliminated by the planners. Also, plans judged not 
publicly acceptable, such as a no-drive day, were not 
seriously considered. In effect, we left equity and public 
acceptability considerations to the political process and 
our analysis focused on the other four criteria, of which 
three have objective, quantifiable measures defined for 
them Cable 1). 

, 

SIEP 2 QUANTITATIVE ANALYSIS 
The quantitative analysis, which was based on the 

problem structure described above, wiU be described in 
three steps: technical analysis, tradeoff analysis. and 
quantitative integration. 

Step 2(a). Technical analysis 
The purpose of the technical analysis was to provide 

quantitative, long-term projections of the levels of the 
measures identified above for a large number of alter- 
native policies. While these projections necessarily con- 
tain uncertainty, the decision on air quality policy had to 
be made "now," both in terms of decisions on strategies 
requirrd by the 1977 Clean Air Act and decisions to 
revise the Act. The goal of the technical analysis was to 
assemble the best presently available knowledge about 
future outcomes associated with different air quality 
strategies and policies, including the revision of the 
Clean Air Act. 

Ttchniques of widely ranging complexity have been 
used to project the effects of alternative policies[ll]. In 
some cases, use of expert judgment(l',l or simple trend 
extxapolation might be sufficient. At the opposite 
extreme large amounts of highly technical information 
may be orgarwd by linking very complex ecological 
and/or planning models together to form input-output or 
o p t h b t i o n  models for management decision 
makhg[l3]. For this study, a simulation model which 
contained a moderate level of detail and was implemen- 
ted on the computer was chosen because a variety of 
information about causal relationships had to be 
organized in a systematic manner and to be systematic- 
ally and extensively interrogated[ 14). 

The computer-implemented simulation model was 
designed to generate a time-line of future annual or 
seasonal levels of the criterion measures. Different time- 
lines of these levels are the result of the implementation 
of different combinations of air quality management 
strategies, scenarios, defined exogenously. Scenarios are 
hypothetical or proposed sequences of events construc- 
ted for the purpose of focusing attention on causal 
processes, critical points in time or crucial decisions. In 
our study a scenario is the proposed sequence of events 
represented by the assumed implementation of no. one. 
or several management strategies. A strategy defines the 
levels over time of particular variables of the system, 
such as the percent of work trips utilizing car pooling. to 
allow calculation of the measures. A scenario associates 
future levels of the measures with different combinations 
of strategies being decided upon in 1982 for managing the 
future air quality in the region. We refer to the simula- 
tion model as a scenario model. It provides an idea of the 
potential consequences of different scenarios. 

The scenario model begins its simulation with 1970 and 
has a time horizon of 4Oyr beyond 1980. The time 
horizon was chosen so that the eventual effects of 

'various options or states of the system could be 
examined. For example, mass transit systems (light rail) 
require 20 yr to plan and construct. Automobile emission 
controls require 1Syr for full effectiveness due to the 
longevity of the automobile. The full impact of the 
growing increase of diesel cars in the automobile fleet 
Win not be evident until 2010 because the fraction of new 
car sales that are diesels is not expected to reach equili- 
brium until the 1990s. 

The composition of the scenario model was influenced 
by the requirement that its projections be technically 
credible with local and national air quality and trans- 
portation planning experts. The following three con- 
ditions enhanced the technical credibility of the model. 
First, the scenario model provides a reasonably accurate 
forecast of the historical trends for 1970-80 for which 
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data exist. Second, the model contained a parsimonious 
disaggregation of those causal elements which change 
with time. This was necessary to explain the historical 
trends and to provide credible projections for the future. 
Third, major components of the scenario model have 
been validated against or extracted from the large, 
detailed planning models currently in use in the Denver 
area[ 151. 

Ooeroiew of the scenario model 
A simplified flowchart of the scenario model is shown 

in Fig. 1. The components of the scenario model were 
built around the causal chain (a) that links the vehicle 
miles traveled (VMT) with urban population, (b) that 
links air pollution emissions to VMT and in- 
dustrial/commercial growth, (c) that links air quaiity 
(exposure) with emissions, and (d) that links air quality 
impacts with air quality. The point of intervention of the 
management options in the causal chain is also shown in 
Fig. 1 (indicated by the dotted lines). 

The relationship between population and V M T  in the 
first causd link is atfectcd by employment and household 
size; therefore, it was crucial to account for ongoing 
demographic transitions in the Denver wban popu- 
lation-inore women working, smaller family size, and 
more singloparent families. In the second causal link 
changes in emissions standards for different model years 
as well as the emissions increase of a vehicle as it ages 
were taken into account. In the third causal iink gross 
changes in carbon monoxide and hydrocarbon pollutant 
emissions were transformed to changes of carbon 
monoxide and ozone pollutant concentrations (ambient 
air quality). 
In the fourth causal link, the h d t h  effects and haze 

impacts due to the computed pollutant concentrations 
were calculated. Dose-response models wen  available 
for several types of human health impacts for short-term, 
high-level concentrations of air pollutants(l61. A model 
relating air pollutant concentrations to visibility was not 
available: therefore, a model relating aerosol emissions 
and formation to changes in visibility was developed as 
part of the overall study. 

Measures of savingslcosts required “accounting” 

tsorne-transportation management options, e.g. tm5c sig- 
nalization or ramp metering. cause a Auction h emissions by 
improving traffic flow. Most an designed. however. to change 
patterns of automobile use, hence VMT. 

throughout the scenario model and most of this account- 
ing is concentrated in the first causal link. Changes from 
the base cost, defined as the cost under relaxed emission 
standards with no other strategies implemented, were a 
direct result of the implementation of a strategy, that is, 
turning it on or off. 

Air quality management options 
There are two broad types of air quality management 

options that influence vehicular effects upon air quality: 
(a) bansportation management option+those that pri- 
marily af€ect Vh4T,t and (b) emissions modification 
options-here defined as those options that directly 
affect the tailpipe emissions per mile of travel from the 
automobile fleet. Table 2 is a list of many of the options 
considered for the Denver metropolitan areaIl7l. Since 
all of these options could not be incorporated into the 
scenario model, a number of strategies were eliminated 
by the following process: (1) Some options (such as 
bicycle paths) were shown by the Denver Regional 
Council of Governments (DRCOG) transportation plan- 
ners to have very low effectiveness. (2) Some options 
(such as parking management) were not quantified 
because running the large computerized transportation 
planning model to establish a credible estimate of the 
effectiveness was too expensive (SlO.Oo0 per run). The 
analysis is, therefore, limited by practical constraints. (3) 
Air quality sensitivity analysis showed that some options 
(such as the 4day work week) would produce no im- 
provement in air quality. The following seven policy 
options for air quality management were finally included 
in the sccnario model. 

Car pooling (CP). When implemented, work-trip car 
pooling and van pooling were increased. beginning in 
1983, to a reasonable maximum potential by 1!?!N of 32% 
of work trips[lS]. These percentages are constant after 
1990. 

Mass transit (MT). When implemented, this option 
increased the percent of work trips utilizing mass transit 
from a consfant 7.2% for work trips after 1985 to a level 
of 1% by 2000 through the building of a light rail 
system[19]. Nonwork transit ridership was also in- 
creased. 

Mandatory no-drive dny (ND). When this option was 
implemented, the fint stage of the light rail system was 
introduced 2yr earlier and extra high car pooling went 
into effect, increasing carpooling for work trips to 55% 
and silvllficantly increasing nonwork carpooling. 
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Tabk 2. Examples of air pollution control stntegia 

Transportation Stratcries  

Rideahare pregrm* 

h b l i c  transit  i r p r a m t *  

Increase #as01 inr tas 

h r k i n g  wnasrwnt  

Traffic aignalirat ion 

l o u r d a y  rort w e k  

Regional bicycle  plan 

Auto r e s c r i c s d  rones 

Mandatory vehicle occupancy rate 

t a s o l i n  rationins 

No-drive day. 

Inereare driving ear above I8  

Ireruay r n p  r t e r i n s  

Emission S tra te l i e s  . 

Automobile i n s p e t i o n  and uintenanee* 

f l iminate drivrthrough f a c i l i t i e s  

S tr i c t  high-aleitud. nirmion rtandardr. 

Increased use of e lec tr i c  ear* 

Str i c t  atandards m diesel  particulate m i s s i o n s  

*fncludd in  study 

EZectric cars (EC). When implemented, this option 
assumed technical advances and government incentives 
such that market penetration by electric cars could begin 
in 1993, growing to 30% by 2020[20]. 

Mundutory inspection and maintenance (IM). When 
implemented, this option assumed the annual inspection 
of the emissions of light duty vehicles. The program 
assumed is the one actually designed by the Colo. Dept. 
of Health for the Denver area, the AIR program, which 
was implemented in 1982. 

Diesel car standards (DCS). When implemented. this 
option set a particulate emissions standard of 0.2 glmi for 
1987 and newer iight duty diesel vehicles. 

Diesel car ban (DCB).  When implemented, this option 
set a ban on the sale of diesel cars and trucks in 
Colorado after 1985. 

Emissions standards (ST). This option assumed con- 
tinuation of the 1977 Clean Air Act mobile source emis- 
sions standards. In its absence, the 1982-proposed relax- 
ation of the carbon monoxide and nitrogen oxides mobile 
source emissions standards (Dingell-Broyhill Bill, H.R. 
5252 of 97th Congress) was assumed to occur. 
This set of policy options is comprehensive because it 

includes most of the more effective generally-considered 
options for air quality management. It is comprehensive 
also because the effects of these options span a fairly 
wide range for each of the considered impacts of poten- 
tial air quality policy options. The different combinations 
of these seven policy options produced a set of 120 
different scenarios (sets of air quality management 
strategies) to be simulated. This is less than the 128 
possible combinations because diesel standards and a 
diesel ban were mutually exclusive. 

Projections of the effectiveness of the transportation 
management strategies assumed the political ability to 
implement these strategies. The effectiveness of the 
emissions standards and of the inspection and main- 
tenance program are based upon best current technical 
information[211. Assumptions underlying the other two 
technical fix options, control of diesel particulates and 
use of the electric car. were based on technology which 
does not now exist but which is reasonably probable to 
exist in the future. 

- 

Rlustrative scenario model projections 
The results calculated by the scenario model for the 

case in which strict standards (ST), inspection and main- 
tenance (IM) and diesel standards (DCS) are implemented 
are shown in Fig. 2 This case represents the policy in effect 
at the time of the study. The measures are shown in terms 
of their change from 1980 values. because the relatice 
change can be projected with less uncertainty than the 
absolute levels. The health effect measures of pollution- 
related heart attacks and discomfort are shown 
separately. The major results of this model run were as 
follows: 

(1) Pollution-related heart attacks are virtually eli- 
minated by 1990 and remain so to 2020. (2) Discomfort 
decreases to 5% of current levels around the year 2000, 
and increases slowly thereafter. This pattern of health 
effects results from the fact that by 2000 the projected 
concentrations of CO and ozone are at a minimum. After 
2000 the total emissions begin increasing as VMT in- 
creases. 

(3) The haze index increases more rapidly than the 
particulate emissions. primarily because of the anti- 
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cipated increase in the proportion of diesel cars in the 
automobile fleet. Diesels emit soot (carbon particles) 
which is more visibility-impacting per unit of mass than 
the particles emitted by other types of sources. 

(4) Transportation-related cost per household, as a 
percent of household income in 1979 dollan, was pro- 
jected to decrease slightly from the m n t  level. Auto 
operating costs are the most important component of 
transportation-related costs. Lowered reiative operating 
costs are due to better fuel efficiency mandated for the 
auto fleet by 1985 in the Energy Act of 1975 and the 
assumption that the pattern of income growth will not be 
lower in the future than it has been for the decade 
1970-80. No significant oil shortages are assumed in the 
future. 

Results oj'the technical analysis 
Two types of results are obtained from the scenario 
mdel, the projected effectiveness of strategies in reduc- 
ing emissions and projected results for each criterion 
measure. Table 3 demonstrates that the scenarios based 
on emissions modification options are in general more 
effective in reducing CO emissions than the trans- 
portation management scenarios. Effects of the options 
on hydrocarbon emissions an similar to those on CO. 

Health. The 1977 Clean Air Act mobile source emis- 
sions standards plus the inspection and maintenance (IM) 
option are effective in reducing the health impacts. Im- 

plementation of additional strategies does not provide 
much more reduction m health impacts. Health impacts 
incrraSe when the mobile source emissions standards are 
relaxed, while maintaining IM. This increase in health 
impacts cannot be eliminated, even by implementing all 
of the other management options. 

Haze On the one hand, the continued increase of 
diesel cars m the fleet further increases haze, nearly 
doubling it by 2020. On the other hand, if inspection and 
maintenance is not implemented or if emissions stan- 
dards arc relaxed, the introduction of diesel cars can be 
beneficial because it raiuces health impacts due to CO. 
This is shown in Fig. 3 for the case in which inspection 
and maintenance is not implemented. The proposed par- 
ticulate standard for diesel w emissions is projected to 
be very effective in mitigating most of the additional 
haze impact. A ban on diesel cars is somewhat more 
eflective than the particulate emissions standard. 

Souingslcost. Savingslcost per household does not 
vary as greatly across the scenarios as do the other 
measures. The important point, however, is that the 
technical fix options cost money, while the transportation 
management strategies produce monetary savings in the 
long run. Mass transit is costly in the short run, but saves 
money m the long run. the potential monetary savings 
an considerably greater than the potential monetary 
costs. 

Step Vb). Tradeof analysis 
The results of the technical analysis indicated that the 

choice of an air quality policy would require tradeofis: 
people will have to give up some of one thing in order to 
get something else. Since the acceptability of a Weoff 
depends on individual values, it is to be expected that 
different people will prefer Werent tradeoffs. The pur- 
pose of the tradeoff analysis was to quantify the range of 
different points of view in the Denver area with regard to 
acceptable tradeoffs among tbe criteria of health, haze, 
savingslcost. and lifestyle. 

Forty-four interviews were conducted with represen- 
thtives of various interest groups such as auto dealers, 
chamber of commerce, state officials, and environmental 
groups, as well as members of the general public. The 
sample was not representative of the general population, 
but included a wide range of interests among a group of 
generally well-informed citizens. The interview was 

, 

Tabk 3. Effcctivrness comparison of technicai-h options and transportation management options 
~- _____ 

Strat e:y hrcenta:. Reduction* of CO himmionm 

1987 1990 2000 2020 

Transportation Managrunt 

W r p o o l i q  2.4X 3 . R  3.62 3.6L 

Nama transit 0 1.3 L.9 5.0 

-Drive Day 11.7 11.7 14.1 I&.& 

Technical lix 

InspecrionMaintenance 26.0 29.0 29.0 28.0 

Electric Car 0 0 0 15.0 

q e r c e n t a g e  Reduction is re la t iva  to the Do Mothi- scenario vhich 
ma-. Current Standard. 
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complex, requiring 1-2 hr and using several methods for 
multiamibute utility analysis[4]. 

A multimethod approach was used during the inter- 
view in order to avoid bias introduced by use of parti- 
cular methods. Participants were carefully instructed in 
the meaning of the four criteria and the nature of the, 
measures used for each Procedurrs were included that 
were designed to sensitize people to the possible range of 
variation in each measure. The weight for a criterion is a 
measure of the importance of a change from the worst 
level to the best level of that criterion, relative to a 
wont-to-best change on the other criteriat 

At the conclusion of each interview, the person’s 
evaluations of the consequences of 30 different hypo- 
thetical air quality policies, represented as mixes of 
levels of the four criteria, were entered into a computer 
by means of a portable terminal. Within minutes. a 
regression model of the person’s judgments was con- 
structed and a graphic representation of the model was 
generated on the terminai and shown to the person. In 
most cases, the person endorsed the graphs as an ac- 

. curate representation of his or her value judgments. In 
some cases, minor adjustments were suggested. 

The results of interest here concern the tradeoffs that 
participants made among the criteria in judging the 
desirability of outcomes. These tradeoff s arc summarized 
by the relative weights for the criteria[Z]. The weights 
for the criteria, which were derived for each of the 44 
participants, are summarized in Fig. 4. Heaith effects 
received the largest weight, although there was large 
variation among the respondents. All of the criteria 
received some weight, and for 14 of the 44 participants, 

tThe weights arc calculated based on a linear regression model 
and application of formulae presented in Hammond. Stewart, 
Brehmer. and Steinman. 1975. For all participants. tbe regression 
model provided an adequate description of judgments. Multiple 
correlations ranged from 0.40 to 0.92 with a median of 0.72. 

SDistances between weight profiles were computed by tbe 
Euclidean metric as follows: 

where dij is the distance between the weight profile for penon i: 
and the weight profile for person j; wit is the weight for person i 
on criterion k; wf is the weight for pmon j on criterion k; and 
m is the number of criteria (4 in this case). 

POLICY WEIGHTS 

ID 1 .’ ‘HEALTH 

KEY I 

1 COST 

HAZE 

Q 
I I 1 I 

Fig. 4. Policy weights. 

one or more criteria received greater weight than health 
effects did. 

In order to examine the sensitivity of the results of the 
quantitative analysis to a range of different weights, a 
small set of weights which represented the range of 
variation in the entire sample was desired. This small 
sample of weights was derived in the following manner: 

(1) The people having the highest and the lowest 
weights on each criterion were identified. (There were - 
only six people identified because two had extreme 
weights on two of the four criteria.) 

(2) Distances between weight profiles$ were computed 
for all possible pairs of people and the pair with the 
greatest distance was identified. (One member of this 
maximally separated pair was already included in the set 
of six identified in Step 1. The second member of the pair 
was added to the set) 

(3) The resulting set of 7 sets of weights was examined 
to be sure that all weight profiles were different. (Two 
weight profiles were found to be essentially the same, 
and one was eliminated.) 

(4) An “qual weight” profile was added which assig- 
ned the same weight to every criterion. The equal 
weighting profiie was included to provide information 
about the results of a “balancing” approach. 

The resulting set of 7 weight profiles is presented in 
Fig. 5. The first 6 profiles represent the extreme points of 
view among the 44 people interviewed. Extremes were 
included rather than averages because the sample was 
intended to be diverse, not representative, and because 
the weights were to be used later for sensitivity analysis. 
If the results are not sensitive to extreme variations in 
weight, then they will not be sensitive to moderate 
variations. 

Step Xc) .  Integration 
In the final step of the analysis the results of the 

scenario model, consisting of health, haze, and cost 
measures for the 120 scenarios, and the results of the 
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M h e  scenario model output differs slightly from tbe outcow 
information used in the intmicw: 

(1) In the interview, discomfort aad incapacity were combined 
into one index of "Health Effects." 

(2) Cost in the interview was expmscd as a difference from 
current policy, not as a difference from doing nothing. This 
changes the cost figures by only 12 or 13 dollan and would have 
no effect on rankings since the change is constant aad tbe 
function forms arc linear. 

(3) The scenario model does not include estimates of "Lifes- 
tyle" effects. These effects arc too subjective and depend too 
much on individual cktumstances to quantify in a model. Sinee 
lifestyle effects in the interview were independent of the other 
effects, the relative magnitudes of the weights on htalth, hre, 
and cost are not dectcd by the absence of lifestyle. 

(4) The ranges of values in the SMBTio model Mer slightly 
from the ranges used in the interview. 
Because of thex differences, the weights Wed from the 

interviews are only roughly applicable to the d o  model 
output The most serious problem is the separation of iaCapasity 
and discomfort. However, since incapacity aud discomfort are 
correlated 0.90 or better for every year, differential weighting will 
not signtficantly d e c t  the ratings. 

For the analysis presented bm. the following assumptions 
were made in applying the weights from the social value analysis 
to the scenario model output: (1) Function forms w m  aIl linear. 

, (2) The weights apply equally well to any year. (3) The weights 
apply throughout the range of the variables in the scenario model 
output. (4) The weight on Health is divided equally between 
discomfort and incapacity. (9 The exclusion of liestyle effects 
does not change the relative magnitude of weights for health. 
hazc, and savingslcost. 

Before applying the weights to the d o  model output. each 
weight was rescaled by dividing by the rangc of the compond- 
ing variable. 

social value analysis, consisting of a set of 7 weight 
profiles representing diverse points of view in the com- 
munity, were integrated. This was accomplished anaiy- 
tically by applying the weights to the health, hare and 
cost data for each scenario (Fig. 6). The result is a 
predicted desirability rating for each scenario with res- 
pect to each weighting system.t The predicted desirabil- 
ity rating is the rating that would be predicted for a 
person holding a specrfic set of weights, given the heaith 
effects, haze, and cost outcomes produced by the 
scenario model. These predicted desirability ratings can 
be used to rank scenarios from most to least desirable. 
with respect to a given set of weights. 

Since the scenario model produces output for each 
year between 1970 and 2020, predicted desirability rank- 
ing may also be obtained for each year. If the rankings 
difier markedly from year to year, then an overall rank- 
ing would require aggregating the results over time. The 
proper method for aggregating over time cannot be 
selected on technical grounds done. The method for 
weighing results that occur at different times depends 
upon how one values near-term effects versus effects 
that arc distant in time. 
For our purposes, we selected the period from 2000 to 

2020 as the period most relevant to our problem state- 
ment.. It is during this period that the outcomes of 
different policies become differentiated. The year 2020 
was selected as the outer time horizon in order to main- 
tain a medium- to long-range perspective without 
exceeding the limits of our ability to make reasonably 
d i b l e  forrcasts. 

Within the period from 2000 to 2020 the absolute 
values of the outcome dimensions change, but the rela- 
tive ranking of the scenarios, particularly the most 
desirable scenarios, does not change. Therefore, the 
problem of aggregating over time can be avoided because 
the most desirable scenarios do not change from year to 
year. The results of the ranking are presented in Table 4 
for the year 2000 under assumptions (1) that 1977 Clean 
Air Act emission standards remain in effect, and (2) that 
federal standards are relaxed. The rankings for the year 
2020 are identical to Table 4, except for the values of the 
ratings. 

The table shows that, whether or not the 1977 Clean 
Air Act mobile source emissions standards are main- 
tained, the togranked scenario is  only sensitive to the 
weight profile with respect to the choice between a ban 
on sales of diesels and implementation of diesel emission 
standards. For every weight profile, the top-ranked 
scenario includes carpooling, mass transit, electric cars, 
hspc&odmaintenancc, either a ban on diesels or emis- 
sion controls in both cases, and inclusion of a nodrive 

SEPS Vd. 17. No. 3-0 
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A 1 0 0 0 0 0  0 0  . . . . . . .  
I I o o o . .  0 0  . . . . . . .  
c l 0 . o . .  0 .  0 0 . 0 0 0  0 

L I . 0 0 . .  0 .  0 0 . 0 . .  0 

? I . . o . .  0 0  . . . . . . .  

day as a substitute for I977 emission controls. In other 
words, the only aspect of the topranked scenario that 
depends on the weights assigned to health, haze, and cost 
is the choice between diesel sales ban and diesel emis- 
sion controls. 

The rankings of scenarios produced by the sym- 
metrical linkage system (SLS) make it possible to com- 
pare strategies with regard to tradeoffs among health, 
haze and cost. For example, comparing the left and right 
hand sections of Table 4 (“1977 standards” vs “1982 
proposed revisions”) suggests that the no drive day will 
approximately offset the impact of relaxing federal 
standards. Table 5 compares these two scenarios. The 
effects of relaxing standards and instituting a BO drive 
day is to increase health effects and decrease costs 
(actually, increase savings). Haze does not change. A p  
parently, the increased health effects are approxiprately 
balanced by the decreased costs. One could conclude, 
based on health, haze. and cost considerations only, that 
the two scenarios are roughly qual in desirability. This 
means that criteria not included in the quantitative 
analysis, such as lifestyle effects, will be critical for 
choosing between these scenarios. 

Another conclusion to be drawn from the SLS is that 
the choice of a strategy for coping with particulate 
emissions from diesels depends upon the relative weight 
placed on health, haze, and cost. Figure 3 shows the 
relation between health and haze for the strategies 
affecting diesel cars. For some weighting systems, the 
increased health impact and cost of a ban on diesel sales 
is offset by the decreased haze. For others, this is not the 
case. The choice of a diesel strategy requires tradeoffs 
between health, haze, and cost. Other criteria may be 
important in the choice as well, but the three that arc 
included in the quantitative analysis will have a major 
impact on the choice. 

The SLS results, accepted unCritically, would suggest 

everylhing that can be done should be done to reduce 
health effects and haze. An examination of the alter- 
native policies included reveals why this is so. A11 the 
strategies included have some air quality benefit; that is 
why they wen selected. The emissions strategies 
generally have a greater air quality benefit than the 
transportation strategies, at a moderate dollar cost (e.g. 
cost of IIM program: f25/Household/Year-1979 dol- 
lars). Transportation strategies actually save people 
money because they drive their cars less and because the 
capital costs of mass transit development will have been 
paid by the year 2000. Therefore, on the basis of the 
three criteria incorporated into the scenario model, there 
is no reason not to adopt all the available strategies; they 
reduce air pollution at little cost or even with some 
savings. 
As indicated above, however, lifestyle effects were not 

included in the model. In the next step these effects were 
brought back into the analysis. 

SlEI 3. C 0 “ A L  ANALYsls AND CONCLUSIONS 
The purpose of t h i s  step was to interpret the results of 

the SLS in the context of important policy con- 
siderations that were not included in the quantitative 
analysis. The method used in the contextual analysis is 
less formal than that of the quantitative analysis and 
included the foUowing elements: 

(1) Identification of criteria that reflect important pol- 
icy considerations but were not incorporated into the 
SLS. (This was actually accomplished as part of the 
structuring process.) 

(2) Provisional rankings of the strategies with regard to 
these additional criteria by the project staff. 

(3) Sensitivity analysis with the SLS to estimate the air 
quality impacts and costs of excluding certain strategies 
based on the additional considerations. 
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’ 10s 

~ 

WAlth Dase Cost 
Tear b i s c a f o r t  Incapaci ty  

( x  1980) (‘79 3tC.p) ( X  1980) ( X  1980) 

I two S 0 151 4 0  

I f  two 10 0 149 -1 i n  

I 2020 10 0 193 -229 

I1 2020 20 1 191 -32s 

Apparent I y, the i n c r e a s d  hea l th  e f  f e e t 1  are a p p r o x i r t e l y  balancrd 
by t h e  drcreased costs. 

(4) Identification of potentially important tradtoffs in- 
volving the additional criteria and the criteria that w m  
included in the SLS. 

These elements d e s c n i  the essential activities of an 
iterative process that represents the contextual evaiua- 
tion leading towards conclusions. 

Contextual criteria 
The important contextual criterion included in this step 

was lifestyle. Lifestyle was found to be important to 
many participants in the tradeoff analysis, and much of 
the policy debate about air quality policy m Denver had 
focused on lifestyle effects. It was therefon deemed 

important to consider the lifestyle effects of strategies in 
drawing conclusions for the study. The strategies were 
provisionally ranked with respect to lifestyle impacts as 
described in Table 6. The mandatory or voluntary nature 
of the strategy, the nature of the lifestyle change, and the 
size of the affected population were considered in these 
rankings. These rankings are considered reasonable, but 
a complete study of lifestyle effects which might,have 
produced a definitive ranking was beyond the scope of 
this study. The rankings are presented in order to make 
explicit the assumptions regarding lifestyle that were the 
basis for the following conclusions. 

(1) 1977 CJm air act. If current federal emission 

Table 6. Tentative ranLing of stratCgies on lifestyle impact 

wr.+ of 
L i f e s t y l e  rtraregy L l f n t y I e  Q1aage.r ?epuIat ios  Voluntary/ 

Iapact  kpW2t.a AffectrU kndarory 

Wish 

Noderat. 

Moderace 

La, 

L i t t l e  or 
*On* 

L i t t l e  or 
lone 

L i t t l e  or 
lone 

l i t t l e  or 
lone 

Mass Trans i t  

In sp rc t  ion 
and Mince- 
u n c e  

Diesel ear 
Sales U n  

O r i m  & n t d  u w  of A l l  d r i r e r r  Mandatory 
a t o o b i l 8  OM day 
).t w e k ;   at f ind 
r l t m a t i v e  transpor- 
tat  ton 

Increase in  t t r  for 322 of work Volunrary 
m k  t r i p s .  decrease t r i p s  
i n  f l e x i b i l i t y .  
irpraemc in p r k -  
im a d  t r a f f i c  p o b -  
1 n s  

Increase i n  t r i p  t i r ,  
decrease i n  f l e x i b i l i t y .  
i l p r o r n r n t  i n  p w t i n s  
and t r a f f i c  problems 

Drirer musr ca r ry  out A l l  d r i w r a  Mandatory 
mnua l  inspect ion & 
u i n t e n a n c e  r q u i r r r n t  

Diesel Option e l i m i n r  A11 poten- Mandacory 
ted for .uKo buyer r i e l  d i e se l  

192 of t r i p s  Voluntary 

mIt0 buyer. 

Diesel car 
h r t i e u l a t e  

lorn Diesel auto Mandatory 
buyers 

n i s  s ion s t  andardr 

L l e c t t i c  ears V e q  l i t t le .  deprnding 30X of Vo I unt a ry  
on technolo&)., u y  veh ic l e s  
r equ i r e  1011 & a n y  i n  
fue l ing  hab i t s ,  u i n t r  
manee. and d r i v i q  style 

Auto nission lorn 
Standard. 

A l l  autos  Mandatory 
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standards are maintaintd , then emission modification 
strategies alone ( i o n  and maintenance, electric 
car) will be sutlicient to meet federal ambient air quality 
standards by approximately the year 1990. These strate- 
gies have tittle or no lifestyle impact and so the criteria 
for judgmg them an wen represented in the SLS. These 
strategies were always among the bigbly ranked 
scenarios (Table 4), regardless of the weightiug system 
used. 

The additional air quality h e f i t  from transportation 
strategies, when emission stxatcgies are already in &cct, 
is slight Given that thtse strategies do impose lifestyle 
changes, they are probably not justified on the basis of 
air quality bent&. Transportation strategies might be 
justified, however, if there were significant concern 
among citizcns and policy makers with improving air 
quality as soon as possible. The use of "harsh, but 
effective" transportation strategies could move up the 
date of attainment of ambient air quality standards from 
approx. 1W to approx. 1987. Whether this extra speed 
in attainment justifies the lifestyle change involved in 
implementing these strategies cannot be determined from 
our study. 

(2) 1982-Proposed relaxed standards. If federal emis- 
sion standards are relaxed, then all the transportation 
and emission control strategies studied, taken together, 
will not be sutlicient to meet federal ambient air quality 
standards. The top ranked scenarios from the SLS in- 
clude all s t r a t eg ieAe  strongest air pollution control 
package possible--rcgardless of weighting system. The 
transportation management strategies, however, involve 
potentially significant lifestyle changes for neariy every- 
one who uses aa automobile daily. The public ac- 
ceptability and implementability of these strategies have 
been questioned as well[23]. 

Without the transportation management options, 
however, in 2000 a number of violations of federal 
ambient air quality standards could be expected (approx. 
4 per yr) and the health effects could be sigmiicant ( a p  
prox. 1% of 1980 levels for hcart attacks and 15% of 1980 
levels for discomfon). The pattern is the same for 2020, 
but magrufied-standards Violations more than tripling, 
heart attacks quintupling and discomfort tripling over the 
2000 values. The relaxed standards case, then, poses a 
dilemma between health effects which our tradeoff 
analysis showed nearly everyone would wish to avoid 
and the adoption of mandatory transportation controls 
which entail lifestyle changes that are likely to be un- 
popular with a substantial proportion of the community. 
This tradeoff between health effects and lifestyle impact 
is created by taking away the "technological fix" of 
emission controls through relaxing standards. 
Our quantitative analysis adequately descn i s  the 

important aspects of the "1977 Clean Air Act standards" 
case because lifestyle effects can be avoided, leaving 

+The choice of a strategy for controlling diesel emissions does 
not affect lifestyle because diesel cars without particulate emis- 
sion controls, diesel *us with controls, and gasoline cars arc all 
equivalent with regard to convenience. mobility. travel time, and 
privacy. The diesel strategy decision may, bowever, raise qua-  
tions of public acceptability. This is particularly true for the ban 
on sales of diesel cars which imposes a restriction on personal 
freedom. A number of participaats in the stmcturhg step of this 
study pointed out that government action that interferes wi& 
personal freedom is viewed with alarm by many citizens and 
politicians. 

health, hart and cost as the major criteria to be con- 
sidered Our quantitative analysis does not adequately 
describe the "1982-proposed relaxed standards" case, 
however, because a major issue is one involving lifestyle. 
We can, therefore, only predict that the tradeoff will 
appear and that it will be a major issue in the political 
debate. Our analysis does not indicate how it will be, or 
should be, resolved. 

(3) Haze and diesel cars. The increasing use of diesel 
cars is likely to result m a significant increase in haze 
(the "brown cloud') and, consequently, deterioration in 
Denver's visual air quality. All the top ranked scenarios. 
under either 1977 Clean Air Act standards or 1982- 
proposed relaxed standards, included either a ban on 
sales of diesels in Colorado or implementation of stan- 
dards for particulate emissions from diesels. The choice 
between these two strategies was sensitive to the parti- 
cular set of weights wed. Examination of the scenario 
model output reveals why this is so. The choice of a 
diesel strategy involves a tradeoff between health. haze 
and cost. The sales ban shows the greatest improvement 
in haze, but health effects and cost go up. The particulate 
standards show less improvement in haze, but no change 
in health effects and little change in costs, compared to 
unrestricted use of diesels. 

Our analysis indicates that something should be done 
about particulate emissions from diesel cars. It does not 
indicate what should be done because that decision 
depends upon the relative importance of health. haze. 
and cost, and OUT study shows that people value these 
effects differently. The major considerations of such a 
decision, however, are adequately described by the 
quantitative analysis. Here OUT analysis is inconclusive 
not necessarily because of something left out of the 
mode1.t but because the results are sensitive to varia- 
tions among people with regard to the importance of the 
criteria that were included in the model. 

m c m m  FOR QUANITTATNE ANALYSIS 
M mum ANALYsls 

While the main purpose of this paper has been to 
present the outline and application of our method to air 
quality policy formation and the ensuing results, this 
study has implications for the methodology of policy 
analysis that deserve mention. 

The bulk of this study was based on a quantitative 
modeUhe symmetrical linkage system. The use of 
quantitative models as tools for policy formation in 
"wicked", ill-structured problems has been a controver- 
sial topic[24]. Our study provides an example of how a 
sophisticated quantitative model can be realistically used 
as an aid to policy formation. The following points are 
important in this regard. 

(1) The development of the quantitative analysis (SLS 
model) was guided by the results of a structuring phase 
which included consultation with planners and policy 
makers. The structuring phase focused on defining the 
problem and identifying important criteria, regardless of 
whether they could be easily measured. As it turned out. 
adequate measures were developed for some, but not all, 
of the important criteria. The more qualitative criteria, 
though not incorporated into the quantitative analysis, 
were not forgotten. Their importance is explicitly recog- 
nized in our conclusions. 

(2) A special effort was made to separate value judg- 
ments from technical judgments, and to assure that value 
judgments were not made by technical staff. The value 
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judgments were the topic of a specid tradeoff analysis 
involving a group of citizens. We can never be sure that 
we were completely successfid in avoiding value judg- 
ments that influenced our results, but we can say that 
every effort was made to do so. 

(3) Explicit analysis of values can help to clarify both 
value differences and to explore the implications for 
choice of those value differences. The type of tradeoff 
analysis used here has been shown previously to be 
useful in ciarifying value diffennCes(7l. This analysis 
showed that it also can be uscN in exploring the sen- 
sitivity of choices to value differences. Tradeoff analysis 
is an aid to decision making and is intended to facilitate, 
not substitute for, thoughtful evaluation of policy aiter- 
natives and negotiation among contlicting parties. 

(4) Model development, particularly the Scenario 
model, consumed time and resources well beyond those 
available for most policy analyses. Massive computer 
power, scientific knowledge, technical and analytic 
expertise, and multidisciplinary expertise were required 
to conduct the study. This kind of effort is justiSed only 
for the most important problems involving significant 
impacts on large populations or anas. Whether the 
resources could be better spent m other ways is a 
management decision that must take account of the costs 
and benefits of various problem solving approaches in a 
specific policy context. 
(5) Increasing the level of decision maker involvement 

in model development increase the probability that 
decision makers' needs will be met. In our study, 
decision makers were involved in problem strucrUring 
and in tradeoff analysis. While the results faiied to m e t  
decision makers' "needs" for a clear and unquivocal 
recommended solution to the problem, they did provide a 
decision aid in the form of structure and issue 
identification. In other words, while the results did not 
solve the decision problem, they did indicate some criti- 
cal issues and fruitful areas for debate. For exaq~ple, the 
results clearly showed the value of emission controls on 
automobiles as a "technological fix" for the pollution 
problem and predict a d i fhdt  political fight if that 6x is 
removed through federal action. The results also 
revealed the serious nature of the diesel automobile 
problem and described the tradeoff issues that must be 
resolved in order to cope with it. These insights can help 
policy makers focus their effort in the areas most likely 
to lead to formation of an acccptabk policy. 
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