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17. Human Aspects of Air Quality in the 
San Bernardino Mountains 

P.L. Winter 

In troduction 

The preceding chapters of this book have provided info~ation on the ecological 
characteristics of the San Bernardino Mountains, as well as the effects of ozone 
and other air pollutants on vegetation and soil in the San Bernardinos, and addi­
tional interactions with air pollution and forest health. This chapter focuses on the 
human aspects of air quality in the San Bernardino Mountains because of the 
desired connection between available scientific information, wider understanding 
and acceptance of that information, and movement toward policy and behavioral 
changes necessary to act on scientific knowledge. Much of the literature has 
drawn on results from studies conducted in locations other than the San Bernar­
dino Mountains. The author makes the assumption that the majority of findings 
from differing, or larger geographical regions are applicable to the San Bernar­
dinos, the focus of this book. Where applicability is tenuous, it is so noted. 
Examining human-environment interactions was referred to by Stem ( 1993) as a 
critical second environmental science, wherein the linkages between human ac­
tivity and environmental protection can be explored. A connection to perceptions 
of air quality and recreation is explored in the light of the significant resource 
production represented by recreation in the San Bernardino National Forest (as 
demonstrated by the reporting of more than 6 million recreation visitor-days in 
1995 alone for the forest; USDA Forest Service 1996). An early proposal to 
further examine social and economic issues related to the San Bernardino Moun-
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tains is found in Taylor ( 1973), wherein valuable historical background of the area 
is provided. 

How much of a scientific concern is there regarding air quality and forests? 
There appears to be agreement among scientists studying air pollution in forests 
that ozone is the greatest threat to forest growth, with southern California conifer 
and Appalachian high-elevation spruce-fir ecosystems suffering the most (de 
Steiguer et al. 1990). Growth declines are expected to accelerate over the next 20 
years, even if emissions remain constant. Threats of damage from ozone exposure 
extend into Class I wilderness areas, where air quality is of major protection 
concern. Based on their findings from New Hampshire and Vermont, Lefohn and 
Manning ( 1995) suggest that ozone presents a considerable risk to Class I areas 
nationally, necessitating continued monitoring efforts as well as continued re­
search on cause-and-effect relationships between ozone and vegetative health and 
vigor. 

A general discussion of the varied costs from air pollution damage to vegetation 
revealed economic losses (in terms of loss of crops and increased need to use 
pesticides when pollutants make the vegetation more susceptible to pests); losses 
to ecological structure and function, which can also have economic linkages, 
including impaired long-term sustainability of a system; loss or altering of genetic 
diversity of populations; and loss of cultural values based on the intrinsic worth of 
ecosystems (Tingey et al. 1990). 

Agreement over degree of damage from air pollution and limits to growth in 
forests is not global, however. Kandler and Innes ( 1995) contend that much of the 
discussion of decline and peril of central European forests is based on poor 
information and that growth rates of trees and stands in central Europe are higher 
than at any other time of recorded growth. It is their assessment that improved 
forest management (e.g., regular thinning and forest pest management) may actu­
ally be more important than other environmental changes in examining forest 
growth. The main pollutants examined by these authors were sulfur dioxide, 
nitrogen dioxide, and ozone. 

Such discussions make it difficult for laypersons to understand what scientists 
know thus far and how it affects them, if at all. These difficulties complicate any 
hopes of support for current or future policies designed to improve air quality and 
protect ecosystems. By focusing on the interactions between humans and the 
environment, however, there may be a natural linkage that the layperson can 
understand and more readily embrace. 

Human Dimensions of Air Quality 

The examination of the human dimensions of air quality reflects the varied im­
pacts that air pollution has on quality of life. 

Physical Impacts of Poor Air Quality 

"A critical question in many urban environments is not whether the air is un­
healthy, but, given that the air quality is poor, how severely is health affected?" 
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(Hall 1996, p. 743). "At low concentrations ozone causes coughing. nausea. 
irritation of the eyes, nose and throat, and headaches. At higher concentrations, 
150-200 parts per billion, it damages lung function" (Godlee 1991, p. 1539). The 
damaged lung function is revealed through reduced forced vital capacity, forced 
expiratory volume, and peak expiratory flow ~te. The~e findings are ~resent for 
both individuals with asthma (considered at htghest nsk) as well as m healthy 
volunteers. Effects of ozone are worsened with exercise and prolonged exposure 
(Godlee 1991 ). 

A comprehensive assessment of health effects of ozone and inhalable particu­
late exposure was conducted in the South Coast Air Basin of southern California. 
That assessment revealed nearly every resident being exposed to levels of ozone 
above federal air quality standards at least some time during the year. Thirty 
percent of San Bernardino County residents were exposed to ozone levels well 
above these standards (28 pphm), but only 7% of Orange County residents were 
exposed to such levels. School-aged children received higher expos~r~s ~nd 
dosages, as well as experiencing more health effects. Eye and throat trrttatton 
were the most frequent health effects identified from ozone exposure (Hall1996). 
Similar findings arc cited by Aunan ( 1996). A State of California Air Resources 
Board-sponsored study shows the 24-hour average ozone level in 1994 in the 
Lake Arrowhead community (in the San Bernardino Mountains) to be almost 
double the levels seen in II other comparison communities being monitored. This 
important study is examining the long-term exposure of air pollutants and its 
impact on children's health in southern California (1995). 

An analysis of hospital emergency outpatient visits and admissions and mea­
surements of air pollutants including smoke, carbon monoxide, and nitrogen 
dioxide were analyzed for the greater Athens. Greece, area during 1988 (Pan­
tazopoulou et al. 1995). During the winter season, the effect of all air polluta~ts 
was statistically significantly related to both the increase in the number of card~ac 
admissions and emergency respiratory admissions. These were analyzed by usmg 
multiple linear regression and controlling for meteorological variables. An expl~­
nation for the Jack of a significant relationship during summer months between atr 
pollution and hospital emergency department visits was not offered. Ozone was 
not examined in this study because of its relatively low levels in Athens. The 
authors cite a study by Touloumi and others demonstrating statistically significant 
effects of air pollution on mortality in Athens using time series analysis of 1983-
1991 data. Caution should be taken, however, in applying health effects results to 
other areas because of differences in pollution sources and levels, weather, time 
activity patterns, overall health status, age distribution of the population, an~ 
access to medical care (Aunan 1996; Lipfert 1997). Progress in studies of atr 
quality and health linkages has been somewhat limited by scarce resources and 
few multidisciplinary studies (Dunn and Kingham 1996). 

Fisher ( 1976) contends that the cost of air pollution to the urbanite is significant 
in terms of bronchitis, emphysema, other respiratory diseases, and even death 
from lung cancer. Structural damage to the lungs may result from chronic ex­
posure to ozone (Godlee 1991 ). However, the offsetting benefit of greater access 
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to medical treatment for urbanites is viewed as counteracting some of this cost 
(Fisher 1976), and there may be some physical, behavioral, and attitudinal adapta­
tion to pollution exposure over time (Kates 1976; Evans and Jacobs 1982; Godlee 
1991; Bell et al. 1996). Whether this adaptation should be viewed as positive or 
negative is addressed in the following section, examining some of the psychologi­
cal and behavioral impacts of air pollution exposure. 

Psychological and Behavioral Impacts of Air Pollution 

Examinations of the psychological and behavioral impacts of chronic air pollution 
exposure have been limited and are characterized by a primary focus on short­
term exposure to pollutants or toxic odors in a laboratory setting (Evans 1994 ). 
There are, however, exceptions to this short-term exposure focus. The research 
conducted by Rotton and colleagues examines social data during high-ozone 
periods to identify linkages between pollutant exposure and psychological and 
behavioral indices. For example, Rotton (1993) studied incidences of reported sex 
crimes and found a statistically significant relationship between photochemical 
oxidant levels and obscene phone calls. The statistical relationship held, even after 
the effects of temperature were partialled out. A similarly disturbing crime trend 
was reported by Rotton and Frey ( 1985), wherein archival data spanning 2 years 
revealed a significant relationship between ozone and reports of family distur­
bances. Both of these studies are indicative of the negative social cost of ozone, 
most probably linked to increases in negative affect and irritability (characteristic 
of the larger line of research on environmental stressors). Such affective distur­
bances were also indicated by Rotton and Frey's 1984 article, revealing an in­
crease in calls to police to handle psychiatric emergencies on days when pho­
tochemical oxidants were high. 

Evans et al. ( 1982) examined instrumental and palliative coping strategies used 
in response to air pollution. Instrumental strategies included active forms of 
coping, such as gathering additional information about air pollution or changing 
behaviors by limiting time outside on smoggy days or using mass transit. Pallia­
tive strategies included more passive forms of coping, such as shifting one's 
perception of the air quality in one's immediate neighborhood. Length of re­
sidency was positively related to tendency to use palliative strategies such that 
individuals who had lived in a high-smog area longer were more likely to use 
these forms of coping to address air quality. Individuals living less time in a high­
smog area were more likely to use instrumental strategies, including observing 
health advisories. These differences were indicated by long-term residents believ­
ing that smog had a less negative effect on them than did new residents, less of a 
belief that use of mass transit or car pooling would reduce smog, and a shifting of 
the amount of smog necessary in a visual scene before detection. Beliefs about the 
potential negative health effects of smog are important, as they have been found to 
be the best predictor of compliance with health advisories (Evans et al. 1988). In 
addition, beliefs about the ability to reduce smog are important in understanding 
compliance with health advisories (Evans et al. 1988). Viewing these studies in 
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combination raises a significant concern about the well-being of long-term resi­
dents in areas with high smog levels. If residents believe that their actions will not 
make a difference and that the personal risk is minimal, they will be unlikely to 
comply with health advisories or to take any advocacy role to address pollution 
(Evans 1994). 

Economic Impacts of Air Pollution 

Lee ( 1993) contends that "unless environmental problems are recognized as eco­
nomic problems they will not be addressed sensibly, no matter how sophisticated 
our scientific knowledge" (p. 1980). Economic impacts of air pollution on health 
are viewed as well-established components of cost models using impact pathway 
approaches that capitalize on the best scientific data available {Holland 1995). 
Assessment is based on "willingness to pay for improvement" or "willingness to 
accept" further risk, rather than the absolute value of health or life. Pollution is 
also costly to organizations through employee illnesses (Fisher 1976). Economic 
costs have also been applied to the evidenced decrease in lifespan of buildings. 
materials, and cultural monuments (Kucera and Fritz 1995). Finally, air pollution 
controls have economic impacts in the form of pollution abatement, regulation, 
monitoring, and research and development (Vob and Schmid 1991; Linn et at. 
1994). Although poor air quality has costs attached, improvements in air quality 
offer economic benefits. Analyses of economic impacts of air pollution and reg­
ulatory efforts should be offset by net increases due to spending changes and 
additional in-migration as air quality improves (Lieu and Treyz 1992), generally 
calculated in terms of wage-rate increase equivalents. 

However, costs in terms of loss to natural resources is much less clear, as data 
are more limited (Vob and Schmid 1991; Holland 1995) and an agreed-on. sys­
tematic commodity structure for environmental resources is still lacking (Smith 
1993). Nevertheless, it has been argued that applying economic values to public 
resources is possible, can be held constant across a variety of ideologies, and can 
be tied into intervention efforts when translated into individual economic conse­
quences (Bell 1995). 

In an attempt to counteract the varied costs of air pollution, several regulations 
have been enacted. The next section explores some of those regulatory responses 
and their effectiveness. 

Regulatory Responses and Their Effectiveness 

"Air pollution control in the United States and most other countries of the world 
has been a series of disjointed, uncoordinated efforts dealing with narrow issues 
and specific industries" (Mclllvaine 1993). Mclllvaine ( 1994) contends that older 
energy plants are not affected by the regulatory guidelines established in the 
United States (see also Schulze I 993), and some pollutants are heavily focused on 
through regulation whereas others are overlooked. Policies on air pollution and 
controls should be set on a global level (Vob and Schmid I 99 I; Mclllvaine 1993) 
and focused on the variety of sources and industries causing pollution, instead of a 
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select few (Anonymous 1993; Mclllvaine 1993). Only marginal results can be 
expected out of national efforts without cooperation at the international level 
(Michel Mousel, President of Agence de l'environnement et de Ia maitrise de 
l'energie in France, paraphrased in Rector 1992). "The design and enforcement of 
environmental regulations are based almost exclusively on prior scientific evi­
dence concerning the links between particular environmental factors and health 
outcomes rather than on postintervention evaluation research" (Stokols 1992, p. 
17). 

Shortcomings in demand-side management practices for energy production 
have led to an increase in air pollution in some instances, rather than a decrease 
(Hall et al. 1995). In part, this is explained by the focus on installation of emission 
control technology, without consideration of actual emissions or air quality im­
pacts when operating systems. The cleanest power plants are not necessarily the 
ones that are dispatched first (Hallet al. 1995). Air quality improvement measures 
addressed through the 1991 Air Quality Management Plan in the Los Angeles 
Basin were examined by Bae ( 1993). It is her assessment, based on 1991 data, that 
the program measures focused on reducing vehicle miles traveled have only a 
modest impact on air pollution reduction. The level of travel behavior changes 
that are assumed in the Air Quality Management Plan is not viewed as feasible, 
given the multiple determinants of travel behavior, including location of jobs 
some distances from households (Bae 1993). She argues that more transit use, 
ridesharing, and telecommuting are not needed to achieve clean air objectives, 
whereas technological solutions to the automobile emissions problem are of great 
importance. 

Although some countries have been able to improve their air quality, develop­
ing countries are now considered to be at great risk because many lack the 
necessary monitoring and evaluation systems currently in place for major air 
pollutants in megacities such as Los Angeles and Tokyo (Mage et al. 1996). Tolley 
( 1979, cited in Shukla and Parikh 1992) suggests that pollutant concentrations 
caused by industrial establishments, household fuels, and motor vehicles all in­
crease with city size. However, sustainable development offers the opportunity 
to seek economic prosperity while guarding natural resources (Ramon John 
Hnatyshyn, paraphrased in Rector 1992). In fact, examinations of the ability to use 
pollution controls accompanied by economic growth and adoption of pollution 
abatement measures paint a more positive picture of the future as nations develop 
(Shulka and Parikh 1992). Such measures must be accompanied by a reduction in 
per capita consumption and a decrease in environmental throughput, especially in 
the more affluent nations (Vlek 1995). 

Although several assessments have led to the conclusion that regulatory pol­
icies, have been ineffective, Rinquist 's (1995) review of data from the Environ­
mental Protection Agency spanning the mid-1970s to the late 1980s reveals that 
states with stronger regulatory programs have been effective in reducing at­
mospheric concentrations of nitrogen dioxide and sulfur dioxide. Therefore, al­
though criticisms have been aimed at current regulatory policies, they are, in fact, 
demonstrating effectiveness. 
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Attitudinal Assessments and Behavioral Responses 
to Air Quality and Regulation Efforts 

"Although the role of human behavior in air pollution is considerable, research 
has emphasized the technical, economic, and physica~ health aspects o~ the prob­
lem. Human behaviors such as energy use or chotec of transporta~ton mode 
directly affect the production of air pollution. Less directly, our attitudes and 
political and economic decisions about environmental protection also affect pollu­
tion levels" (Evans and Jacobs 1982, p. 105). The heavy focus on technology and 
emission standards (see, e.g., Zundel et al. 1995) directs our energies away from 
the potential gain that could be appreciated from examining human attit.udes ~nd 
behaviors that might also be addressed in pollution control. In fact, soctal scten­
tists have much to offer in the way of pollution control (VIek 1995). 

Assessments examining awareness of pollution have pinpointed typical cues 
individuals used to detect the presence of air pollution, including dust, odor, 
discoloration and damage to property, respiratory irritation, eye irritation, and 
poor visibility (Evans and Jacobs 1982; Bell et al. 1996!. Adaptat~on, perce~ved 
control, and other individual factors explain important dtfferences m percepuons 
of air quality (Kates 1976; Evans and Jacobs 1982). Although laypersons tend to 
define or describe air pollution in terms of particular effects, experts are most 
likely to focus on causal factors and health effects. Even though individu~ls ~ay 
be aware of air pollution, according to Evans and Jacobs ( 1982), there ts httle 
evidence that individuals significantly alter their outdoor activities in response to 
pollution, and very few actually lodge complaints to appropriate ~gencie~ about 
perceived poor air quality. A denial of personal adverse e_ffects ~fatr pollutton and 
of the disadvantages of living in an area with poor atr quahty compound the 
pattern of nonresponsiveness to air quality issues (Liu 1996). 

Possible Innovations in Intervention 

The behavioral intervention literature offered by environmental and social psy­
chologists offers an excellent reference point for potential innovatio~s in pollution 
intervention, given the complexities of regulation in the face of atttt~des, val~es, 
and behaviors (Oskamp 1991). However, much of the behavioral mterventton 
literature has yet to be translated into efforts at the co~munity o~ regiona_l scale. 
Dwyer and colleagues' (1993) taxonomy of interventton strategtes provtdes. an 
organizing structure for the exploration of behavioral interventions. lnterv~ntton 
strategies may be targeted at the individual or group Iev~l.' may be acttve_ or 
passive, and may involve antecedent or consequence condtttons. _Th~ followmg 
discussion focuses on individuals or groups rather than orgamzauons. Stem 
( 1995) contends that "most pollution is caused by organizational behavior, not 
individual behavior." He also points out that the amount of pollution decrease that 
would result from changes in individual actions, assuming they could be changed 
by "simple acts of wiii" is marginal. Ozone should be. ~oted as the e~ception to 
Stem's contention. Use of more environmentally senstttve technologtes, educat­
ing the next generation, and taking collective action to promote technical and 
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social changes are far more important initiatives (Stem 1995). Nevertheless, the 
individual can play an important role in collective action and changing direction, 
maintaining the merit of examining findings on individual and small group inter­
ventions. There is yet one more important caveat to address before moving for­
ward, however. It is sometimes attractive among those holding knowledge about 
the environment and its protection to believe that to change individual behavior 
they need to share their knowledge with others, thereby affecting the others' 
knowledge base and consequently their values (Eden 1993). This presumably 
would then lead to a change in behavior, making the person more environmentally 
sensitive and responsible. Yet, there is no credible evidence that proenvironmental 
values are sufficient to guarantee environmental protection (Hutton and Ahtola 
1991; Oskamp 1991; Stem 1995). In fact, although environmental concern is high 
among the general population, inaction remains the norm. Factors external to the 
individual seem to overwhelm many of the proenvironmental behaviors that 
might take place (Oskamp 1991; Stem 1995). The real interest will lie in long­
term behavioral changes and commitments to environmentalism (Dwyer et al. 
1993), accompanied by situations that allow individuals to act on their commit­
ment (Stem 1995). 

Individual-passive-antecedent strategies would involve things such as exposing 
an individual to written or oral information providing knowledge that would 
encourage a target behavior (Dwyer et al. 1993). Examples of brochures and signs 
that can be used in wilderness education (USDA 1989) serve as a tangible re­
minder of agency investment in these strategies. "This kind of strategy is based on 
the assumption that the relevant behavior is 'reasoned,' and that influencing the 
cognitive processes underlying behavior choices will also affect those choices 
themselves" (VIek 1995, p. 15). These can be information- or morally based 
(Gardner and Stem 1996), although morality serves as less of an effective appeal 
than other bases (Eden 1993). Controlled studies ofwritten prompts, in the forms 
of handbills or signs, have shown some effectiveness in increasing environmen­
tally responsible behaviors (Dwyer et al. 1993). These written messages are 
usually simple, and ones that are worded positively appear to have more behav­
ioral impact than those worded negatively. Modeling desired behaviors is another 
example of an individual-passive-antecedent strategy, wherein others are exposed 
to a video or first-hand viewing of environmentally responsible acts. Social 
demonstrations of desired behavior tend to work best under circumstances 
wherein the desired action is unclear (Cialdini 1988). Modeling assumes that the 
behavior and its underlying cognitive structure are strongly determined by social 
factors such as norms and customs, social comparison processes, privacy versus 
collectiveness, and public examples set by sometimes prominent members of 
society (VIek 1995). It is important that models are detected by target observers, 
however, if one hopes for any behavioral impact. Modeling was used as part of a 
forest environmental education effort in dispersed recreation settings in hopes of 
encouraging responsible action. Although program educators were observed mod­
eling during the majority of visitor contacts, recreationists who were interviewed 
rarely reported noticing their actions (Absher and Winter 1997). 
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. Active-individual-antecedent strategies have also been applied for behavioral 
interventions. Of particular interest are the studies examining commitment, either 
written or oral, of individuals to behave in an environmentally responsible fash­
ion. Written commitments appear to have longer-lasting effects than verbal ones 
under experimental conditions (Dwyer et al. 1993), and commitments made in 
public appear to strengthen people's personal, private commitment (Gardner and 
Stem 1996). Group strategies would be used in similar fashion to the individual 
ones described above, although team or competitive strategies can be brought into 
the intervention plan. 

Individual-consequent strategies would involve methods such as direct feed­
back, indirect feedback, rewards, or penalties (Dwyer et al. 1993). An example of 
feedback is the monthly usage comparisons for current and past year appearing on 
gas and electric bills. Feedback, even on an intermittent basis, has been found to 
have some effect on energy consumption (Dwyer et al. 1993). I currently receive a 
rate-break on my electricity bill because I have pennitted the utility to install a 
cycling device, wherein they can reduce my usage during peak periods. Penalties 
are found in the higher costs attached to usage above baseline levels. Such strat­
egies can be effective; however, tax-based rewards and penalties tend to be more 
favorable to upper-income consumers (Howard 1993; Stem 1993). This would be 
especially true in circumstances wherein a desirable ·conservation behavior re­
quires some significant up-front investment to be made, to enjoy the longer-tenn 
benefit of reduced consumption (Howard 1993 ). Group-consequent strategies 
would apply the same principles just described to a set of persons rather than 
being individually focused. Apartment dwellings are an example of one setting 
wherein group feedback and incentives have been used with some success (Dwyer 
et al. 1993). At the community level, caution must be exercised because not all 
communities distribute resources equally and not all members are necessarily 
happy. Concerns about individual freedom and procedural justice remain (Gard­
ner and Stem 1996). 

Human behavior and environmentally destructive or harmful actions need to be 
analyzed in terms of limiting factors such as technology, attitudes, knowledge, 
money, convenience, attention, and trust, as all are needed for behavior change 
(Stem 1993; Gardner and Stem 1996). It is clear that interventions must have 
multiple features, and because limiting factors vary by individuals and can change 
over time, they must be dynamic and flexible (Stern 1993; Gardner and Stem 
1996). The ability for interventions to maintain behavioral changes over the long 
term has been underexplored. There is a distinction between changing behavior 
and maintaining that behavior change. For example, antecedents and conse­
quences that were removed after an experiment was over took the behavioral 
changes with them (Dwyer et al. 1993). It is important that other contingencies, 
such as social approval or acceptance, fill in once the initial intervention effort 
subsides. In many cases, environmentally responsible actors are still made to feel 
that they are "on the fringe," despite the high level of environmental concern 
expressed (Eden 1993). An increased sense of competence, as well as the motiva­
tors of frugality and participation, can be intrinsically satisfying and may, in fact, 
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serve to sustain environmentally responsible acts when external contingencies are 
not relied on (De Young 1996). At an individual level, it is important to recognize 
that behaving in an ecologically responsible fashion represents a wise personal 
investment, whereas behaving irresponsibly becomes even more costly on a daily 
basis (Howard 1993). Environmental behaviors must be viewed as personal re­
sponsibilities, as efficacious, and as possible (Eden 1993). "A good argument can 
be made that air pollution reduction may be society's most difficult environmental 
issue .... For air pollution reduction, effects cannot be measured on an individual 
level, and benefits may not accrue at all if others do not participate" (Hutton and 
Ahtola 1991, p. 253). The complexity of intervention is compounded by attitudi­
nal and behavioral strategies used to cope with chronic exposure to air pollution 
(Evans 1994 ). 

This chapter now turns to the discussion of the linkage between recreationists 
and air quality. Recreationists represent a large constituency, and there is some 
evidence that avid rccreationists are more likely to be environmentally responsi­
ble (Winter 1996a), although the explanation for this difference is not yet fully 
understood. 

Perceived Air Quality and Recreation 

Amendments to the Clean Air Act in 1977 provide for the protection of visibility 
in national parks and wilderness areas (Class I areas) (Bell et al. 1985). The 
amendments came about in part because of the increased concern that scenic 
views in national parks were deteriorating and that existing clean air provisions 
were not protecting visual air quality in parks and rural areas (Boric 1988). 
Inclusion of references to "humanly detectable" reductions in visibility in sections 
of the Clean Air Act amendments draw attention to the importance of human 
perception (Daniel 1990). Haze is one of the most heavily relied predictors in 
human estimates of air quality (Maim ct al. 1981; Molenar et al. 1994; Bell ct al. 
1996), and ratings of visual air quality appear to be reliable and valid (Latimer et 
al. 1981; Maim et al. 1981 ). Part of the management difficulty with reduced 
visibility from regional haze is that it is very complex. The atmospheric processes 
involved, along with the transport of haze over hundreds of miles from the source, 
explain just part of the complexity (Boric 1988). One example of the long­
distance transport was provided by Boric ( 1988), who stated that one-third of the 
sulfates in the Grand Canyon were found to originate in urban southern California. 
There arc additional values to natural resources running far beyond how they 
might be enjoyed first-hand through recreation. Wilderness affords therapeutic 
opportunities not available in other settings (Kale 1995). "Many of us receive 
satisfaction simply from knowing wild lands exist" (Dickensen 1981, p. 3), and 
the reported importance of aesthetic appreciation and ecological protection are 
demonstrative of those values (Manning and Valliere 1996). There are a multitude 
of values attached to wilderness, and recreation may be declining in importance 
among those values (McCloskey 1990). Nevertheless, recreation remains a signif­
icant commodity offered by forests. 
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Recreationists' Perspectives on Air Quality 

Air quality and the more general scenic quality of an area are i_mportant _consider­
ations in the recreational experience. Visibility and visual quahty are an amportant 
component of scenic beauty measures (Daniel 1990), and vistas are highly pre­
ferred among choices of outdoor scenes (Nelson and Loewen 1993). Of II poten­
tial values of wilderness presented to respondents in a survey of visitors to the 
Breadloaf Wilderness in Vermont, "Wilderness is a place to enjoy the beauty of 
nature" received the highest overall rating (mean of 5.55, scale was l = not at all 
important to 6 = extremely important) (Manning and Va~liere 1996). ~isitors to 
the Indian Peaks backcountry area were surveyed regardmg general tnp charac­
teristics, sociodemographics, and physical resource attributes affecting trip satis­
faction. For the 286 respondents, the most important attribute contributing to their 
backcountry visit was "clean fresh air" (average rating of 1.124 based on a scale 
from 1 to 9, 1 =most strongly adds to satisfaction and 9 =most strongly dctra~ts 
from satisfaction). Overall, the most positively rated items were those deahng 
with a pollution-free environment and scenic beauty (Brown et al. 1977). Respon­
dents to a survey examining recreation in Bryce Canyon (USDI 1980) revealed 
the high importance assigned to scenic views (rated as important, very importan~. 
or extremely important by approximately 99% of respondents) and to clean aar 
(rated as important, very important, or extremely important by approximately 

94% of respondents). 

Physical Costs of Recreating in Pollution 

An additional significant adverse impact of poor air quality on recreation, espe­
cially that which involves physical exertion, is well documented. Brunekrecf and 
others ( 1994) studied young, healthy males participating in a series of amateur 
cycling training sessions and competitive races. Low concentrations of ozone 
were significantly associated with declines in lung function, as well as shortness 
of breath and wheeze. Eye irritation and cough were not significant. Even when 
the highest ozone concentration days were excluded from anal~sis, th~ signific~nt 
relationship between ozone exposure and decreased lung functton durmg exerctse 
remained. Concentrations of other pollutants were low during the life of the study, 
and adjustments for humidity and air temperature did not eliminate the significant 
findings. Brunekrecf and colleagues note that the exercise their subjects were 
engaged in was vigorous and that such significant relationships between low 
ozone levels and decreased lung function were not found in less strenuous ex-

ercise situations. 
A 10% reduction in aerobic capacity of subjects breathing ozone comparable 

with peak levels in smog-prone cities has been demonstrated. Long-term exposure 
has also been shown to have a cost, through obstruction in respiratory bronchioles, 

for example (Stamford 1990). . 
Gong and Krishnareddy (1995) summarize the effects of pollutants on excrctse 

as well. High ozone levels are known to cause restrictive lung dysfunction, lead­
ing to coughing, chest tightness, and shortness of breath; high carbon monoxide 
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levels can impair oxygen delivery; sulfur dioxide worsens nasal symptoms in 
~eople with allerg~es and causes bronchospasms in asthmatics; and airway irrita­
tiOn from fine particulates can lead to bronchospasms. Each of these is contrary to 
the positive goal of outdoor exercise, which is to increase and maintain physical 
health. 

Recreationists are counseled to avoid the adverse effects of poor air quality. 
Castleman ( 1991) advises readers to jog in the early morning hours when air 
pollutants, especially auto-related ones, are at their lowest. He states that warm 
months are the worst time for ozone, a key component of smog. Ozone effects on 
the jogger can include tickling in the throat, raspiness, coughing, shortness of 
breath, tightness in the chest, and possibly headache and nausea. Castleman 
recommends avoiding physical exertion during those periods when air quality is 
the worst; Stamford ( 1990) provides similar advice for city dwellers interested in 
exercise. Health advisories, however, are typically ignored among adult urban 
dwellers, as previously discussed (Evans et al. 1982). 

Diminished Enjoyment of the Recreational Experience 

Scenery is very important in the appreciation and enjoyment of natural resource 
settings (Daniel 1990; Taylor and Winter 1995), especially viewing it through 
clea~. fresh air (USDA 1990). Given this importance of scenery, and the potential 
phys1cal effects that can detract from a visit to natural resource areas, it is clear 
that air quality plays an important role in preservation and existence of natural 
res~urce areas. W~ld~rness offers an opportunity to escape from the everyday 
envtronment of bu1ldmgs and streets and from urban ugliness and environmental 
concerns (Kaplan and Talbot 1983). Especially true for urbanites, wilderness 
offers a reprieve from the intense daily filtering of our environment, which leads 
to inattention of details in a setting (Milgram 1976). Air quality is a component of 
the overall scenery, and "pleasant scenery is often the key to the quality of an 
outdoor recreation activity" (Cordell et al. 1990, p. 87). Evidence of pollution can 
clearly detract from the nature experience. A survey of Coloradoans revealed 
"viewing the scenery" as the most important experience in a wilderness visit out 
of20 ?ossible experiences presented (Walsh et al. 1981). The wilderness experi­
ence IS supposed to offer contact with "unadulterated expressions of nature" 
(McCloskey 1990, p. 17). However, the degree to which the relationship between 
atmospheric pollutants and wilderness experiences goes beyond valuing clean air 
and good visibility is not well known (Watson and Williams 1995). Concerns 
about air quality affecting recreation extend into the San Bernardino Mountains 
specifically, as demonstrated in the following sections. 

San Gorgonio Wilderness Case Study 

The San Gorgonio Wilderness, located in the San Bernardino National Forest in 
southern California. encompasses 56,722 acres (Hendee et al. 1990). It was 
among the 54 wildernesses specifically designated in the Wilderness Act of 1964, 
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Public Law 88-577; and its original acreage of33,898 was increased to the present 
size with the California Wilderness Act of 1984, Public Law 98-425 (Browning et 
al. 1988). Originally proposed as a downhill ski resort, hiking enthusiasts banded 
together as "Defenders of the San Gorgonio Wilderness" and successfully fought 
for wilderness designation (Wondelleck and Yaffee 1994 ). According to com­
parisons using recreation visits per acre from 1986, the San Gorgonio ranks as the 
second most-visited wilderness in California and falls within the top 12 in the 
nation (Hendee et al. 1990). The high use is managed through a mandatory permit 
system for both day and overnight use year-round. A volunteer association of 
approximately 120 members contributes thousands of person-hours annually 
(Wondelleck and Yaffee 1994), adding to the Forest Service's efforts for wilder­
ness patrols, trail maintenance, and visitor education. 

Visitors to the San Gorgonio Wilderness 

Located within an hour's drive of more than 7.5 million people (Wondelleck and 
Yaffee 1994), the vast majority (98%) of San Gorgonio Wilderness visitors come 
from the five-county Los Angeles metropolitan area (Winter and Tocco 1995). 
The reported pattern of geographically proximate wilderness visitation is in keep­
ing with wildernesses near other large urban centers (Hendee et al. 1990). 

Fall Visitors' Air Quality Experiences 

A wilderness recreation survey was conducted in Fall 1994 on the San Gorgonio 
Wilderness (Winter 1996b ). Recreationists were contacted at a trailhead and asked 
to complete a mini-survey. Those expressing a willingness to participate in a 
longer mailed survey were queried regarding trip characteristics, reactions to 
potential wilderness management strategies. wilderness knowledge, and socio­
demographics. Of the 65 Fall respondents to the mailed survey, approximately 
75% were on a repeat San Gorgonio Wilderness visit in 1994. The average years 
reported for San Gorgonio Wilderness repeat visitors was II years. 

Respondents were asked a series of questions regarding perceived air quality in 
the San Gorgonio Wilderness. Items queried are typical indicators reported in 
judgments of environmental quality (Evans and Jacobs 1982), and perceptions of 
areas are valuable in assessing the conditions of environments (Craik and Zube 
1976). Almost 37% of San Gorgonio visitors reported an impaired view of the 
landscape due to poor air quality, whereas only 8% reported experiencing diffi­
culty breathing and 2% reported "burning eyes due to air pollution." Only a few 
(6%) reported a lack of discomfort or impaired view. Therefore, the majority 
listed at least some adverse experience due to poor air quality. These questions 
were responded to based on recollections of the experience, through the mailed 
survey completed within 1-3 months maximum after the wilderness visit. Re­
called experiences were of interest because of their longer-term potential role in 
wilderness attitudes and opinions. There may be some very distinct differences 
between what would have been reported in situ and what was recalled for the 
mailed survey (Stewart and Hull 1994). Assessments of impaired view would 
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have been interesting to contrast, when made on site, with data from the IM­
PROVE program as presented in Copeland (this volume). 

Wilderness Volunteers' Perceptions of San Gorgonio Air Quality 

In 1995, the San Gorgonio Volunteer Association members were contacted by the 
author and invited to participate in survey querying their wilderness volunteer 
experiences. They were asked to provide information on their degree of volunteer­
ism, perceived uses of the wilderness, perceptions of visitors, perceptions of 
wilderness quality, opinions regarding potential management interventions, bene­
fits and drawback to wilderness volunteerism, and sociodemographics. 

The 90 volunteer respondents averaged 3.5 years (median) of volunteer work 
on the San Gorgonio Wilderness. A significant monthly contribution of person­
hours was reported, with 31 hours as the median. Because of their familiarity with 
the wilderness and its attributes, the San Gorgonio Volunteer Association was 
viewed as an ideal information source regarding air quality. Respondents were 
asked to indicate what wilderness visitors should expect to experience on their 
visits to the San Gorgonio. Almost half (49.5%) indicated that impaired view of 
the landscape due to air pollution should be expected, whereas II% indicated that 
b~~ing eyes due to air pollution should be expected, and about 9% reported that 
~1s1_rors should expect some difficulty breathing. Slightly less than half (46.2%) 
md~cat~d that non~ ~fthose effects should be expected, that the air quality during 
the1~ w~lderness v1s1ts had been fine. Again, querying recollections of air quality 
a~d 1ts 1mpact on the recreational visit to the San Gorgonio may have yielded very 
d1fferent results than responses in situ may have provided. However, it is clear 
from these data that approximately half the responding volunteers perceived some 
air quality problem within the San Gorgonio Wilderness that would affect 
recreation. 

Recreationists' Willingness to Ensure Improved Air Quality 

W~en a problem with air ~uality is perceived, as it was in the San Gorgonio 
Wilderness case study prev1ously described, how willing are individuals to make 
some inve~tm~nt to ch_ange their experiences? Results from other geographical 
areas prov1de mformat1on useful toward solutions for the San Gorgonio. 

Trade-Offs for Visibility in the Grand Canyon 

An experiment by Bell and others (I 985) demonstrates the willingness of individ­
uals t~ make tra~e-otfs to increase visibility of vistas in recreational settings. 
Expenmental subjects were presented with three scenic vistas of the Grand Ca­
n~o~ wi!h varyin~ degrees of visibility (low, moderate, high), information on 
dnvmg ttme, and mformation on waiting time to see an archeological site. Based 
on a visit/choice scenario, experimental subjects showed a clear preference for 
good visibility and short waiting and driving times. In fact, the average person was 
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willing to spend almost an extra hour in driving time (55.8 minutes) for one 
incremental improvement in visibility of the San Francisco Peaks and about half 
an hour in waiting time (30.4 minutes). Other potential factors in the decision­
making process were not considered such as sociodemographics, entrance fees, or 
crowds. Bell and colleagues contend that "one way of documenting how people 
value visibility is through their willingness to increase effort and time commit­
ment (costs) for an increase in visibility (reward). Visibility should be considered 
a natural resource that contributes positive or reward outcomes to a recreation 
setting" (Bell et al. 1985, p. 473). 

Willingness to Pay for Improved Air Quality Among Recreationists 

Persons who had registered for races or had purchased sporting goods at a com­
munity sporting goods store were contacted in a questionnaire mailing in Loui­
siana (Farber and Rambaldi 1993). The researchers contend that outdoor exercise 
enthusiasts should be better informed about the relationships between air quality 
and health, due to their generally higher education levels. Respondents (n = 790, 
with a 61.8% response rate) were informed that the local area had 14 days of 
unhealthful air quality in the prior year. They were asked to select a range of 
money that represented what they would be willing to pay annually in taxes or 
product costs to guarantee that the local air was always in the healthful range. The 
median response fell in the $91-$100 interval, for annual willingness to pay, with 
a daily median of$6. 79 per person per day. Of greatest interest in this study is the 
indicated willingness to make a financial commitment to improved air quality, in 
keeping with other studies cited by Farber and Rambaldi ( 1993). Exact ranges of 
willingness to pay for cleaner air in the San Bemardinos are not known. 

Maintaining Air Quality in Natural Areas Extends Beyond 
Recreational Concerns 

Valuing natural areas' relationships to air quality was revealed by wilderness users 
and nonusers alike in a survey examining potential purposes of wilderness. Virden 
( 1990) reported that 80.1% of wilderness users and 80.9% of wilderness nonusers 
listed the protection of air quality among the top five purposes of wilderness. 
Coloradoans were asked which, among 13 reasons provided, were the most im­
portant reasons for valuing existing or potential wilderness areas. Protecting air 
quality was the third highest reason provided for wilderness, with 77.2% indicat­
ing that is was either "very" or "extremely important" (Haas et al. 1986). Signifi­
cant differences in these responses were not found between wilderness visitors 
and those who had not visited Colorado wildernesses. The clean air found in 
wilderness areas can also help protect the scenic integrity of areas adjacent to 
them (Cordell et al. 1990). However, as Lackey (1996) points out, although there 
is public support of the environment and an appreciation of it, publics vary in their 
views and intensities of opinions. The decisions made in environmental manage­
ment occur in a larger political context rarely addressed in public opinion polls. 
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Implications for the San Bernardino National Forest 

It has been argued that the value of wilderness to the present generation will be 
dwarfed by the values accrued to future generations (Haas et al. 1986). Several 
strategies are already available for relaying infonnation to visitors at natural 
resource areas (USDA Forest Service 1989). Unfortunately, talks specifically 
focused on air quality in the San Bernardinos appear to be of little interest to 
recreationists (Chavez and Mainieri 1995). However, infonnation about the natu­
ral resources in the area is of interest. The innovative interventions described 
earlier in this chapter may offer additional intervention methods, which when 
paired with those already in place, can serve as an effective mechanism in creating 
the awareness, agreement, and behavioral commitments necessary to improve air 
quality. More than 6 million recreation visitor-days were reported by the San 
Bernardino National Forest in 1995 (USDA Forest Service 1996). These visitor­
days represent a critical constituency base for improving the understanding of air 
quality concerns in the San Bernardino Mountains and hopes for support for 
policy-based changes. In addition, residents of the Los Angeles Basin may have 
definite interests in the health and sustainability of the flora and fauna of the San 
Bernardinos, which go beyond recreation-related concerns. Residents in the San 
Bernardino mountain range, both year-round and seasonal, have a vested interest 
as well. 

Conclusions 

"Clean air cannot be achieved through study and research. Clean air can only be 
achieved through an appropriate amount of study followed by a major commit­
ment to a plan of action" (Schulze 1993, p. 21 ). Better approaches to presenting 
options in environmental management and their implications need to be devel­
oped (Lackey 1996). We desperately need to present scientific findings in an 
infonnative and interesting manner to build public support (Wiggins 1997). Al­
though knowledge about the San Bernardino Mountains and degree of damage to 
the forests is fairly well advanced, translations into understandable infonnation 
for the layperson will very much depend on personally relevant and important 
infonnation being relayed. Poor air quality affects the ecosystem and humans 
within it through reduced environmental experiential quality and health risks. 
Being made aware of these conditions is not enough (Hutton and Ahtola 1991 ). 
Air quality scientists also need to translate these conditions into personal impacts, 
as well as offering practical and possible solutions to reduce impacts (Hutton and 
Ahtola 1991; Eden 1993; Vlek 1995). They also have to ensure that the infonna­
tion provided is specific to the area, relaying and understanding of local condi­
tions and their related hazards (Peltu 1991 ). Scientists must work hard at relaying 
the balances of varying environmental risks to publics whose perceptions of the 
greatest hazards may not match technical experts' assessments. Priorities and 
legislative agendas are more likely to be driven by public perceptions than by 

)7. Human Aspects of Air Quality in the San Bernardino Mountains 389 

scientists' perceptions, increasing the importance of effective and credible com­
munication of scientific knowledge (Siovic 1997). Although recreationists were 
this chapter's main focus for such intervention efforts, more broadly focused 
interventions also need to be explored. 
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