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INTRODUCTION 

step in developing a comprehensive visibility control program for 
the Denver metropolitan area. A visibility standard setting 
study was undertaken during the summer of 1989. A standard based 
on citizen judgments was recommended to the Colorado Air Quality 
Control Commission (CAQCC) in time to meet a statutory deadline 
for adoption by January 1990. 

the major elements of the study, its results and limitations. 
The study method built on previous studies of VAQ1,2. 
visual air quality (VAQ) is inherently an aesthetic judgment, the 
use of public judgment survey techniques to establish the level 
of the standard was considered particularly appropriate and 
necessary for public acceptance. Participants were asked whether 
a Denver area scene's visibility, as represented with 
photographic slides, was acceptable or unacceptable. The. 
judgments were then related to instrumentally measured 
atmospheric light extinction. Extinction was used as the 
operational definition of the citizen determined visibility 
standard. 

The establishment of a visibility standard is an important 

This paper focuses on the call for a visibility standard, 

Since 

BACKGROUND 
The Denver metropolitan area's episodic haze problem has 

long been known as the "brown cloud". Even though it is present 
in varying intensities somewhat less than half of the days during 
winter, the brown cloud is very noticeable due to the city's 
scenic Rocky Mountain backdrop. 
indicated the brown cloud is a top concern in the eyes of the 
general public'. 

The brown cloud has been the subject o f  a number of field 
studies over the y e a r ~ ~ * ~ n ~ .  
slumped economically, local leaders began to perceive the brown 
cloud as an obstacle to restoring economic health to the 
metropolitan area. The most recent study was initiated by 
Colorado's Governor, Roy Romer. Governor Romer brought together 
a consortium of private sector interests to fund and participate 
in the 1987-80 Metro Denver Brown Cloud Study7. The $1.5 million 
effort was administered by the Greater Denver Chamber of Commerce 
under the direction of a non-profit corporation and assisted by a 
public/private sector advisory board. 

Governor Romer released the results of the Metro Denver 
Brown Cloud Study in October 1988 along with a lO-pOint action 
plan for addressing the brown cloud. He also called upon the 
CAQCC to establish a visibility standard for the Denver area. 
Soon after, the 1989 Colorado General Assembly passed an omnibus 
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air quality law that included a requirement for the CAQCC to 
"establish a visibility standard. ..by January 1, 1990." 

ROLE OF A VISIBILITY STANDARD, COST, AND THE PUBLIC 
A visibility standard does not itself clean the air, it is 

only a number representing a level of visibility impairment. 
However,' its establishment formally defines acceptable and 
unacceptable levels of VAQ. As such, the visibility standard may 
serve as a long-term goal for control programs implemented over 
time. 
and assessment of control progrpm progress and VAQ trends. 

The role of cost in determining the level of non-health 
standards is sometimes debated: ho,wever, cost considerations 
should have no role in standard setting. Visibility is a 
"secondary" or tfwelfarell pollutant effect and unlike pollutants 
such as carbon monoxide it does not have direct health effects. 
Nevertheless, an air quality standard must formally state, 
without regard to possible cost of attainment, how much of a 
pollutant or what effects of pollutant(s) are unacceptable. A 
visibility standard should reflect enduring judgments regarding 
the appearance of the air rather than how much visibility 
improvement can be afforded at a particular point in time. The 
level chosen needs to be credible, and consistent with what the 
public's own eyes tell them is the cutoff between acceptable and 
unacceptable VAQ. 

The public should have a strong voice in determining "how 
much haze is too much" in views sensitive to haze. Typically, 
for health-based standards, the federal government has brought 
together health experts to recommend a level of a pollutant not 
to be exceeded because it would cause too much of an undesirable 

t health effect among sensitive populations. Because visibility is 
a human aesthetic experience that affects public welfare and how 
people feel about where they live and work, it makes little sense 
to convene panels of experts (e.g., visibility scientists) to 
decide on the level of a standard. 

It allows tallying of violation and non-violation periods 

VISIBILITY STANDARD SETTING STUDY PROCESS -~ ~~ ~ 

Basis of Method 
The method is based on studies conducted by the National 

Park Service (NPS) and National Center for Atmospheric Research 
(NCAR)'g2. Those studies focused on determining the validity and 
reliability of VAQ judgments as well as the appropriateness of 
using photographs as a surrogate for field observations of VAQ. 
Results of the NPS and NCAR studies have shown that judgments of 
VAQ are reliable and valid, judgments from one person or group to 
the next are highly correlated, and judgments made in the field 
are highly correlated to judgments made later from slides taken 
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during the original field judgment. The NCAR studies in Denver 
also showed that VAQ judgments made in different locations by 
different people around the city were strongly associated. 

The Colorado Air Pollution Control Division (CAPCD) drafted 
a standard-setting protocol which used public review of 
photographs to identify a visibility standard. The protocol was 
submitted to scientists at Colorado State University (involved in 
the NPS studies) and at the State University of New York at 
Albany (previously involved in the NCAR studies) for review. 
From their consultation, a pilot methodology was further refined 
and pre-tested during the spring of 1989. The findings from the 
pilot studies were then used to formulate a final method which 
could be used to identify a visibility standard relying solely on 
public judgment of urban VAQ conditions. 

Selection of Slides 

Thornton visibility camera site between November 1, 1987 through 
January 31, 1988; the period of the 1987-88 Metro Denver Brown 
Cloud Study. This is a llsensitivell view and haze present in the 
area is almost always perceptible from this location. It is 
representative of other views that offer a sweeping vista of the 
Denver basin with mountains in the background and is readily 
recognizable to residents as a lltypicalll Denver view. 

The slides used in the study were taken from the CAPCD's 

At the same time the slides were taken, direct measurements 
of atmospheric extinction were being made in the brown cloud with 
an Optec LPV-2 long-path transmissometer'. It monitored a sight 
path of approximately 1.7 miles between the roof of a downtown 
building and an apartment to the southeast. The instrument was 
approximately 240 feet above the ground. Figure 1 shows the 
location of the transmissometer site path as well as the camera 
site and the view it monitored. 

To ensure suitable slides were used in the study, the 

-Slide must have valid corresponding hourly' average 
transmissometer value. 

-Exposure of slides must be reasonable. 
exposed or under-exposed slides. 

-No snow storms, or total domination of the scene by 
precipitation events. 

-No extremely off-center slides. Downtown must be more or 
less in the center of the view. 

-No extremely zoomed-in (downtown very large) or zoomed-out 
(downtown very small) slides. 

-Relative humidity for the corresponding'hour must be less 
than 7 0 %  as measured at the transmissometer site. 

4 

following criteria for inclusion of a slide were developed: 

No extremely over- 

9 1 -'4 8 . 4 

I Y 

'TER 

Figure 1 Camera view p a t h  and transmissometer s i t e  path. 

During the Metro Denver Brown Cloud Study period, a total of 
2 4 0  slides were taken from Thornton at 9am, l%noon, or 3pm 
between 11/1/87 and 1/31/89. Sixty slides were eliminated due to 
the first criterion listed above and an additional 20 slides were 
eliminated due to the remaining'criteria. 
slides met the basic criteria for inclusion. Two sets of 2 5  
slides were randomly selected out pf this larger pool. This 

' procedure provided a representative sample of slides for winter 
visibility conditions. The use of two different sets of slides 
ensured that the study results were not artifacts produced by 
random idiosyncrasies in a particular set of slides. The two 
sets also made recruitment of groups easier. The estimated time 
required to judge 2 5  slides was acceptable to most groups 
contacted. 

Each slide set of 25 was supplemented with 5 duplicate 
slides for reliability analysis. In addition, 7 llwarm-upll slides 
were made for each set that covered a wide range of visibility 
conditions and were used to familiarize participants with the 
process of making visibility judgments. Judgments of the warm-up 
slides were not analyzed. Before each group viewed slides, the 
25 slides were randomly reordered as a safeguard for lViewing 
order effectstt (i,e., the visibility in the slide just rated may 

One hundred and sixty 
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affect the judgment of the next slide). 
potentially increased between-group differences but provided a 
more reliable overall characterization of the visibility in each 
slide. A different set of 5 reliability slides were also 
randomly chosen each time the slides were viewed by a different 
group. 

Selection of Groups 

obtain a totally random sample of residents of the Denver 
metropolitan area. Therefore, diverse groups were recruited to 
view the slides. These were intact groups, that is, people who 
were meeting for other reasons and were asked if they would allow 
the Department of Health to have some time on their agenda to 
conduct the study. Demographic information was collected on each 
individual who participated. 

and rated them on answer sheets. 
slide set #1 and even numbered groups viewed slide set #2. A 
total of 116 and 98 people judged each slide in slide set #1 and 
slide set #2 respectively. 
that participated in the study. 

Data Collection Procedure 

standard viewing conditions. Since this was not possible, group 
administration was necessary. 
the location of their meeting. The viewing conditions differed 
from one group to the next. 

An instruction set was read so that each time the slides 
were shown the procedure for eliciting judgments would be the 
same. Each group was shown the slides twice in the same order: 
Once to judge the slides for VAQ on a 1-7 scale (lavery poor, 
7-excellent) to familiarize the participants with rating slides 
for visibility and to show them the entire range of visibility 
conditions. Then additional instructions were read and each 
elide was judged again as to whether it would violate an urban 
visibility standard. Prior to each set of judgments, the 7 warm- 
up slides were judged. The instructions read before the standard 
violation (SV) judgments asked each participant to consider 
whether a particular slide would violate an urban visibility 
standard, and to base decisions on three elements: 

-The view is in an urban area with approximately 1.5 million 

This reordering 

Because of resource constraints, it was not practical to 

Seventeen groups (totalling 214 people) viewed the slides 
Odd numbered groups viewed 

Table I contains a list of the groups 

Ideally, data collection would be done individually under 

Each group was shown the slides at 

' 

people. The standard is for an urban area, not a 
pristine mountain area such as Rocky Mountain National 
Park, where standards might be more strict. 

-Standard violations should be VAQ that is unreasonable, 
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1. 
2. 
3. 
4 .  
5. 

6. 

7. 
8. 

9. 
10. 
11. 

12. 
13. 

14. 

15. 
16. 
17. 

Table I Groups who rated slides*. 

Windstar Denver Connection (n=5) 
Bodyshops Toastmasters (n=7) . 
Emily Griffith Opportunity school employees (n=12) 
Front Range Community College students (n=20) 
City and County of Denver Community Relations staff 
(n=13) 
Denver Area Labor Federation (n=O, projectors 
malfunctioned) 
Washington Park Kiwanis ( ~ 1 2 )  
Air and Waste Management Association Rocky Mountain 
States Section monthly meeting (n=32) 
US West Communications (n=22) 
Reading and Study Group (n=11) 
Denver Regional Council of Governments staff and 
municipal representatives (n=12) 
Southglenn Optomists (n=15) 
Colorado Department of Administration Employees Council 
(n-7) 
Plymouth Congregational Church/Calvary Baptist Church 
Singles Group (n=3) 
Colorado Mountain Club conservation committee (n=13) 
Denver Chamber of Commerce Air Quality Task Force (n=lO) 
City and County of Denver interagency work group (n=20) 

Whe authors express their thanks to everyone who participated 
in the study. 

objectionable, and unacceptable visually. Participants 
were asked to discern "how much haze was too much", not 
to indicate standard violations based on whether haze was 
detectable unless any amount of haze was more than they 
could accept. 

Participants were asked to ignore potential health 
impacts of the constituents which cause urban haze. 

-The violation judgments should be for visibility only. 

RESULTS 
Standard Setting Study 

average individual judgments. Group averages do not adequately 
characterize the extremes in individual evaluations. Next, the 
reliability and validity of the VAQ and SV judgments were 
examined to understand the magnitude of error in judgments and to 
determine whether the procedure measured what it was intended to 
measure. The relationship between judgments and instrumentally- 

The analysis first focused on whether it is reasonable to 
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measured visibility were analyzed to determine whether SV and VAQ 
judgments were related to extinction measurements. Finally, the 
slides were sorted by increasing levels of extinction to see if a 
pattern in judgments, and a cutoff between acceptable and 
unacceptable VAQ, emerged. 

Aqreement Between 
Differences b e t w e e k  
differences between groups were examined. 
averaging the data across groups for use in determining the level 
of the visibility standard. Each individual's slide judgments 
were correlated with other individuals in the same group. 
Individual judgments of each slide were then correlated with the 
group average judgments over all individuals in the group. 
correlations are an indication of how well one can use group 
averaged slide judgments to represent individual judgments. 
Figure 2 presents the frequency distribution of these 
correlations. 
have Pearson correlation coefficients at 0.80 or greater 
(p<O.Ol)*. Correlations are even higher for VAQ.judgments. 

that people performed the slide judgment task in basically the 
sane way and that differences in viewing conditions between 
groups did not affect the resulting judgments. 
reasonable, therefore, to use average slide judgments to 
represent the individual participants as a group for further 
analysis. 

Reliabilitv Of J w e n t s ,  
reliability slides in addition to the main slide sets of 25. 
These slides were duplicates taken from the main set of 25. 
Therefore, unknown to the participants 5 slides were judged 
twice. These slides were selected randomly for each group. 
Several groups did not view reliability slides due to time 
constraints. 

eecond time the duplicate slides were shown reveal no consistent 
pattern. That is, there is no evidence that observers 
systematically rated visibility as poorer or better the second 
time they judged the slides. In addition, the absolute 

1 1 

This was done before 

These 

Over 00% of the observer/group SV judgment pairs 

The low frequency of correlations less than 0.80 indicates 

It was 

Thirteen of the 16 groups viewed 5 

i 

Comparisone of the mean judgments' between the first and 

*Psychological sca1e8, such as used with VAQ or SV judgments, 
are traditionally treated as interval data. Interval level 
statistics, such as average8 and Pearson correlations, have been 
used with 'I-point and 2-point rating scales without misleading 
results. For more information see Nunnaly, p.  17 (reference 10). 
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difference between the means is small. Correlations between 
group averages of the first and second judgments are very high. 
Seventeen out of the 26 correlation pairs between the 1st and 2nd 
judgments are above 0.95 (p<O.Ol). The results indicate that the 
procedure was able to produce similar judgments under identical 
conditions and the extent of error in VAQ and SV judgments 
obtained using the procedure was small. 

Validitv Of Stmdard Violation Judaments, 
SV judgments were correlated. 
and SV judgments was observed - all of the correlations were 
above 0.89 (p<O.Ol). Because of the lack of any independent 
measure of validity regarding SV judgments, the high correlation 
with VAQ judgments is reassuring although not sufficient to 
establish validity. 
judgments have been established in other studies' . 
judgments were always predictible from VAQ judgments. 
squared correlation coefficients range from 0.79 to 0.96. That 
is, 79-96% of the variability in SV judgments is predicted from 
VAQ judgments depending on the group. This strong relationship 
with VAQ is the best evidence available from this effort for the 
validity of standard violation judgments. 

These findings do not mean that everything is known about 
how people are making their standard violation decisions. 
Additional or slightly different information is being used to 
make the SV judgment of W o w  much is too muchll compared to VAQ 
judgments. 
judgment and decision making process. 

Group average VAQ and 
Very high agreement between VAQ 

The reliability and validityzof VAQ 

A perfect correlation between SV and VAQ would mean that SV 
The 

This study was not designed to fully explore the SV 

Relati- Between I n s t r u m e n t u r e d  
s Of VAO &d SV, Average VAQ and SV judgments 

were correlated with atmospheric extinction as measured by the 
transmissometer. The extinction values used were the natural 
logarithms of the average for the hour that corresponded to the 
hour at the beginning of which the judged slide was taken. It is 
important that the instrumental measure of visibility which is to 
be a surrogate predictor for the human judgment of "too much 
hazel1 be empirically related to human-judged VAQ and SV. 

The correlations between VAQ and extinction and SV and 
extinction were -0.77 and 0.75 respectively. These results are 
similar in magnitude to levels reported in a previous study by 
NCAR' in Denver and show a strong, statistically significant 
(p<O.Ol) relation between averaged human judgments and the 
optical measure intended by the CAPCD to implement the citizen- 
determined visibility standard. 

9 
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It must also be linked to human judgment of SV. 
extinction satisified these criteria better than other visibility 
parameters the CAPCD evaluated. 

measurements and VAQ judgments indicates extinction provides a 
reasonable basis for a VAQ standard, but it does not indicate 
what that standard should be. In order to determine the maximum 
acceptable level of extinction, the slides were sorted by 
increasing levels of extinction, and the percent of observers 
that judged each slide to violate the standard was calculated 
(Table 11). 

The standard was determined based on a "50% acceptability" 
criterion, that is, the standard was set at the level of 
extinction that would divide the slides into two groups: those 
judged acceptable and those judged unacceptable by a majority of 
the people in the study. 
reasonable because it defines the point where a majority of the 
study participants begin to judge slides as representing 
unacceptable visibility. 
psychological scaling theory which indicates that a "true scoreI1 
exceeds a standard when more than 50% of the Itobserved scores" 
exceed that standard". 

corresponding to the 50% acceptability criterion. 
optimal cut-off value for this criterion because it results in 
the fewest number of misclassified slides. On the average, over 
85% of the observers judged as violations slides corresponding to 
extinctions exceeding O.O76/km. Therefore, this standard 
accurately predicts the visual air quality that a human would 
judge as unacceptable. 

There are three additional points concerning the information 
presented in Table 11. 
data set even when there was some evidence that observers did not 
perform the task as directed (about 5-10 individuals). The use 
of a 50% criterion to select the level of the standard is quite 
robust to these sampling problems. Second, six slides (#14, #18, 
#19, #20, #25, #36) out of the 50 were misclassified using 
O.O76/km as the standard. This points out that haze will 
occassionally manifest itself in ways in the airshed that people 
find objectionable, yet the single instrument at roof height will 
not record an extinction level as a violation at the recommended 
optimal level of O.O76/km. Finally, slide #27, below the 
standard, and slide #28, above the standard, have extinctions of 
.072/km and .076/km respectively. This is a small difference in 
extinction. If conditions in slide #27 were held constant (e.g., 

Atmospheric 

The establishment of a correlation between transmissometer 

This criterion is politically 

It is also consistent with 

As can be seen from Table 11, O.Q76;/km is the standard 
It is the 

First, all observations were left in the 
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TABLE I1 Percent judging that a standard violation occurred. 
(N=approx loo*) 

34 
35 
36 
37 38 

39 

.084 3pn 

.084 9am 

.085 Pam 
,086 Pam 
.091 Pam 
.095 l2noon 

871110 
871204 
871108 
871203 
880122 
880101 

, I 83% y I 2.6 

28%. 4.2 
97% 2.2 
88% 2.8 
61% 3.3 

97% 1.5 i I 

40 . lo5 9am 871104 100% 1.3 
41 .lo5 3nn 871205 . 50% 3 3  __. -.- 
42 .117 Fpn 871i20 95% 1.7 
43 .148 l2noon 871203 95% 2.4 

45 .191 l2noon 871123 96% 1.5 
46 2 0 5  12noon 871231 97% 1.7 

44 .i49 3pn a71216 97% 1 .8 

47 ,218 9am 871218 98% 1.8 
48 ,246 l2noon 871125 04% 2.6 
49 .405 3m 871231 96% 1.8 
50 3 9 6  linoon 871217 * , 98% 1.5 

'Each illdr woe Judged by ipproxlmately 100 peoplr. The SO illdei w r r  dlvlded 
lnto two i e t i  of 25 illdoi each; Judged by 116 and 98 people raspectlvrly. 

**The u n l t i  are hourly overage ntmoapherlc extlnctlon In  Invrria kllmatere. 
' W A P  scale I s  1-7; where (*very poor VA9 and 7=axcelLent VAP. 

I 

sun angle, inversion structure, snow cover) and .004/km 
extinction were added, it is unlikely most observers would detect 
a difference in VAQ. Yet according to Table 11, only 4% of the 
observers found slide #27 objectionable while 78% found slide P28 
unacceptable. This large difference in the public's reaction to 
such small amounts of extinction is due to the presentation of 
extinction under different atmospheric and lighting conditions. 
How extinction is manifested in a particular slide has a large 
influence on its acceptability or unacceptability visually. It 
is important to note, however, that in all slides with 
extinctions above 0.076/km it does not matter how extinction 
presents itself: in all but one case (slide #36), the public 
judges the slides as unacceptable. 

ComrJar i son Of DemoqraRhic GIOURS, Comparisons were made by 
demographic extremes. The concern was, what if 200 more people 
were sampled by recruiting another batch of groups -- would the 
results likely change? The sensitivity of the standard was 
tested for demographic differences in sex, education, income, 
ethnicity, time in the Denver area, political affiliation and 
age. Demographic differences did not affect the 50th percentile 
extinction level in any comparison made. The largest difference 
found was a change in classification of one slide (from under 50% 
to over 50%) both for income differences (under $20,00O/year vs. 
over $60,00O/year) and for political affiliation (Republican vs. 
Democrat). 
insignificant, this analysis provides considerable confidence 
that the sampling is representative of the desires of the people 
of the Denver area even though the individuals in the sample were 
not chosen through random selection. 

Implementation of the Standard 

essential for implementation of the visibility standard were 
explored. 
averaging time, and relative humidity cutoff. 

Because the differences between subgroups were 

A number of issues not directly addressed in the study but 

These included the applicable hours of the standard, 

FRRliCable Ho u s  r a d  Averaaina Tim e, 
standard apply during an eight-hour core daylight period each day 
from 8am to 4pm, local time. 
durins winter these are the daylight hours. The brown cloud is 

The CAPCD recommended the 

These hours were chosen because 

mostly known as a wintertime phenomenon and at the time of the 
study there was no monitoring data for any other season. 
future monitoring data show that unique violations of the 
standard would occur during summer daylight hours outside the 
core period this issue will be addressed by the CAPCD. 

during any non-overlapping four-hour period the average 

If 

The CAPCD also recommended that the standard be violated if 
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extinction was at or above 0.076/km. Four-hour periods were 
chosen because shorter duration averages (e.g., one-hour) were 
highly correlated with four-hour averages (r=.92). It is 
unlikely that short-term peaks in extinction would not be 
captured by four-hour averages. It was recognized that the six 
misclassified slides were all at 9am and indicated that 
occasionally early morning hazes under tight inversions may 
disperse and not develop into a longer-term episode. This is 
consistent with the purpose of the standard to characterize 
persistent events that have come to be known as the brown cloud. 
An eight-hour averaging period, however, was rejected. An 
analysis of the days during the Metro Denver Brown Cloud Study 
revealed that use of an eight-hour period would average-out 15% 
of the 4-hour violations during the morning, mid-day, or 
afternoon. 

Relative Humid itv. Visibility is affected by naturally : 

occurring phenomena such as fog, low-lying clouds, rain, sleet, 
or snow. The intent of the visibility standard is to focus on 
human-caused visibility degradation. Therefore, the visibility 
standard was recommended to be applicable only during hours when 
the relative humidity is less than 70%. 

Visibility is also affected by humidity at levels where 
precipitation or fog is unlikely. 
accumulate water and grow in size and extinction efficiency as 
they draw water vapor from the surrounding air. Even relatively 
inert particles can collect water by acting as condensation 
nuclei under conditions of high relative humidity. 
relationship between relative humidity and extinction efficiency 
is non-linear and effects increase rapidly at relative humidities 
above 70 percent". It is recognized that visibility impairment 
above 70% relative humidity is not all "natural". For example, 
visibility degradation is made worse at high relative humidities 
due to the affinity of certain pollutant fine particulate species 
(e.g., ammonium sulfate) for water. However, using this cut-off 
will minimize situations where visibility standard violations 
occur when impairment is m n a t e d  by effects of "natural" water 
vapor in the air. 
LIMITATIONS , /  

the validity of SV judgments were good, they are incomplete. The 
study was designed and executed to fulfill its regulatory 
purpose. Additional study of the information used by individuals 
making visibility standard judgments might provide a model that 
would better explain violation judgments and their validity. 

Some types of particulates 

The 

A limitation of the work istthat, while the indicators of 

A limitation regarding the standard's link to the specific 
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distribution of VAQ and extinction in the slides used in the 
study is illustrated in Table 11. Even though two samples of 25 
slides were taken and the 50% acceptability criterion point was 
.076/km within each sample, it is possible that additional 
samples could have been selected that did not have slides with 
corresponding extinctions of .076/km. With more sampling one 
would expect a small range of variability around the recommended 
standard from the samples used in this study. 

Finally, the standard is site specific to an unknown degree. 
The CAPCD has purchased an Optec LPV-2 transmissometer and 
installed it in the same location as used during the Metro Denver 
Brown Cloud Study. The instrument became operational November 1, 
1990. It was critical that the instrument be installed for 
routine monitoring in the same location as during the standard 
setting study. The study established an operational relationship 
between judgments and a sampling of extinction at a particular 
location. If the instrument were moved this relationship would 
have to be reexamined. The standard value of 0.076/km may not 
reveal anything enduring about SV judgments; it serves to 
separate clean from dirty VAQ as measured at that site. 
the brown cloud affects and is affected by areas beyond the 
immediate Denver metropolitan area, additional funds are being 
sought to instrument a number of other sites along Colorado's 
urbanized eastern front range air basin. More studies may be 
necessary to establish site-by-site operational visibility 
standards for additional view/instrument pairs as other parts of 
the air basin are monitored. 

CONCLUSIONS 
The visibility standard setting study was designed to 

produce a recommended standard based on human VAQ judgments for 
the CAQCC. A four-hour average standard of 0.076/km applicable 
between the hours of 0800 and 1600 Mountain Local Time and at 
relative humidities less than 70% was recommended by the CAPCD to 
the CAQCC at a December 1989 public hearing. Consistently at or 
above 0.076/km, and regardless of time of day, sun angle, cloud 
cover, etc., judgments of standard violations are well above 50% 
(average greater than 85%) of those sampled. The atmospheric 
extinction level of 0.076/km provides strong predictive 
capability of group average standard violations. 
readily adopted the standard on a 5-1 vote. 

Importance of policy support 

establish a visibility standard was critical in setting the stage 
for the creation of Colorado's visibility standard. Such an 
action could have been taken unilaterally by the CAQCC. However, 
since such an action may have been viewed as precipitous by those 
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likely to be affected by a subsequent regulatory program, 
expediency dictated a need to seek direction from the highest 
levels of state government. 

Without such direction, the issue before the CAQCC could 
have easily become a debate over the need for a standard and 
could also have led to political compromises that may have 
affected the integrity of the standard. For example, the role of 
the cost of meeting a visibility standard could have become a 
major debate in the CAQCC process. However, the legislature gave 
clear direction to the CAQCC by directing it to set a standard 
and then report to the legislature on the cost and feasibility of 
meeting the standard by a certain date. 
determined that setting a standard and developing the means and 
timetable for attaining the standard should be separate 
processes. 

the standard setting process to focus on a technically sound 
manner for establishing what amount of visibility impairment was 
acceptable to the public. 

The legislature 

In summary, the clear direction.from the legislature allowed 
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